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EXECUTIVE SUMMARY

Washington River Protection Solution (WRPS) is the primary contractor for management of the
single-shell tanks at Hanford. Leaks in these tanks, which were built starting in 1944, were detected
beginning in the 1950s. The liquid waste that could be pumped out has been moved to other tanks,
but the sludge waste remains. WRPS engineers take material samples of this sludge waste to
support characterization, retrieval and closure. This task poses several challenges including the
height of the tanks, the small diameter of the risers, the high doses of radiation inside the tanks,
and viscosity of the waste itself.

In collaboration with the Chief Technology Office (CTO) at WRPS, the Florida International
University Applied Research Center (FIU-ARC) has developed a robotic manipulator for off-riser
sampling purposes. Due to the dose in the tank as well as the small riser size, a custom pneumatic
system was developed. To minimize footprint, the system utilized linear actuators concealed in the
arm members and converted to rotational motion at the joint via a chain drive.

The first joint member was conceptualized at FIU and finished, constructed, and tested at WRPS.
The consequent joint members were constructed and the assembly was tested. This worked well
but further development is required. A control system is needed, preferably one that utilizes the
robotic operating system (ROS) as this will make future sensor integration easier. Additionally,
this system will be suspended from a cable system and thus requires a stabilization system for it to
operate as intended.
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manipulator for sampling sludge waste in Hanford Site’s single-shell tank from a 4” riser.
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1. INTRODUCTION

Hanford Site takes up approximately 580 square miles of desert in the southeast of Washington. It
was established in 1943 and played a crucial part in national history by producing plutonium for
the Manhattan Project and throughout the Cold War [1]. While Hanford no longer produces
plutonium, the site is now one of the world’s largest environmental clean-up projects including
more than 50 million gallons of wase stored in underground tanks. In 1944, Hanford began the
construction of 149 single-shell tanks to store this waste. However, beginning in the 1950s two
leaks were detected in the single shell tanks, which were built to support the Manhattan Project

[2].

Liquid Level Ground Level

Reinforced Steel
Concrete

Figure 1. Example of a typical single-shell tank.

WREPS is the primary contractor for management of the tank storage areas, called tank farms, at
Hanford. WRPS engineers take material samples of this sludge waste to support characterization,
retrieval, treatment and closure efforts. Samples are taken through risers, pipes of varying
diameters that start at or above grade and terminate inside the tanks. This task poses several
challenges including the height of the tanks, the small diameter of the risers, the radioactive
environment inside the tanks and viscosity of the waste itself.

Sampling down 4” diameter risers pose several challenges including equipment size restrictions.
Previous sampling methods include a rover that drives along the sludge and a clamshell clamp that
is lowered and triggered. The rover, however, is difficult to deploy, and the clamshell clamp can
only take a single sample directly below each riser. For these reasons, WRPS has requested that
FIU develop a sampling system using a robotic manipulator, which would provide a balance
between ease of deployment and sampling ability once deployed.
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Figure 2. A) UR3e B) Mockup of the proposed design [3].

The original concept was to find a suitable commercially available platform and adapt it to the
task. This concept led to a demo of a Universal Robotics URS robotic arm (Figure 2A) scooping
simulant at WRPS in the summer of 2022 [4]. Such a device would need to be no thicker than 3.5”
at any point, have as long a reach as possible (realistically between 3 and 6 feet), and would be
viable in radioactive environments. The most important of these requirements was the size
requirement; however, no commercially available arm was found that could fit through the 4” riser
while providing a suitable reach for sampling. The smallest Universal Robotics arm, the UR3e,
has a footprint of about 5 [3] and has a shoulder that is not factored into that measurement,
meaning it would not even fit through the larger 6” diameter risers. Due to these challenging
restrictions and low availability of commercial solutions, FIU-ARC made the decision to develop
the system from the ground up.
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2. RESEARCH DESCRIPTION

2.1 Evaluation of Actuators

The first major design consideration was the type of actuator that will drive the movements of the
joints. Three types of actuators were considered for this design: electric, pneumatic, and hydraulic.
Electric motors were the least favorable due to their form factor and low power at this scale. Any
motor with a small enough form factor would not supply enough torque to scoop a sample of the
sludge waste, which is said to have the consistency of wet beach sand [5]. Either hydraulics or
pneumatics would work for this application. Hydraulics were considered for their rigidity, smooth
motion, and high loads. Pneumatics were selected due to ease of use. If hydraulics are selected for
future development, the fluid used in the final design will be further evaluated.

\

Figure 3. An early conceptual design of the final sampling system.

2.2 Conceptual Design

The conceptual design for the joints consists of a chain drive that is driven by a pneumatic cylinder.
This allows a large cylinder to be used and concealed along the length of the member. These
members that contain the joint actuators will henceforth be referred to as joint members. This
design provides more force and a wider range of motion than other pneumatic and hydraulic joints.
The maximum payload and range of motion are determined by the size of the air cylinder and
radius of the sprocket.
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The first iteration for this joint (Figure 4) was designed at FIU but ended up requiring a full
redesign to address realistic needs of the project.

Figure 4. First design of a joint member.
While many robotic arms in industry are 6-axis, as this gives them full maneuverability within
their defined workspace. This device is planned to be 4-axis which will be sufficient for sampling
the area beneath the arm. Additional axes of motion can be added to tooling or in future iterations
if needed. Figure 5 (below) demonstrates what a 4-axis arm consisting of joint members might
look like.

04

Figure 5. Joints of the 4 degree of freedom arm.

2.3 Code and Simulations

After the conceptual design was established, specific data was needed to select components such
as the air cylinders and the sprockets. A python script was created in Python Spyder that allowed
specific factors to be changed to see how the payload and range of motion were affected. This code
accepted inputs on geometry of the components and operational pressure and output the minimum
footprint, maximum travel (in degrees), and maximum payload of the joint. The sprocket was
confined to the Ansi 35 as it is the lightest chain that could maintain the expected tension.
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To ensure that the designs that are shown later on in this report were capable of withstanding the
projected loads, they were analyzed in SolidWorks simulations.

Figure 6. Structural analysis of the bearing mounts.

This analysis was most crucial for the bearing mounts as most of the weight of the system is
supported by them. As seen in Figure 7, the maximum stress on the part is 32.56 MPa. The average
yield stress of 3D printed ABS is approximately 39.17 MPa [6], which leaves a safety factor of
1.2.

2.4 Modularity

When the previous iteration of the design was redesigned, it provided an opportunity to evaluate
certain choices and design with modularity in mind. While at WRPS, this design reached maturity
as the joint core design (Figure 7). The joint core design is modular comprised of the driving end,
motion carriage, the idler end, and the actuator core. Modularity was necessary to assist the design
and alteration of future joints.

Motion Carriage

Stand-Offs \

\

)

Driving Sprocket
Idler Sprocket Chain Drive
Chain Drive

Assembly \

Assembly

Linear Rails

Actuator Core

=
\ Assembly

Figure 7. Exploded view of the joint core design.
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As seen in Figure 7, much of the strength and rigidity of the design comes from the use of
aluminum stand-offs and the steel linear motion rails. The parts that are depicted in orange are 3D
printed ABS plastic. In future iterations some key pieces, namely the linear motion carriage, could
benefit from being machined in aluminum in future iterations.

Figure 8. Driving sprocket chain drive assembly.

Starting from the far end of the joint, the driving end chain drive assembly (Figure 8) utilizes a flat
ANSI 35 roller-chain sprocket. The sprocket is connected to the nest joint by a 4 bolt hole pattern.
For this reason, sprockets were selected that were of a machinable steel.

Figure 9. Linear motion carriage assembly.

A linear motion carriage (Figure 9) was made to transfer the motion of the air cylinder to the chain
and is supported by two linear rods. These rods ensure that the motion is smooth, resist the torque
that the chain and cylinder would exert on the carriage, and serve as structural members for the
design. The carriage also contains an integrated chain tensioner to ensure smooth operation.
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Figure 10. Actuator core assembly.

The actuator core assembly (seen in Figure 10) is designed to use the air cylinder as a structural
member to reduce weight and save space. Smaller actuators are used in joints closer to the end
effector because the nature of the design means that a shorter lever arm requires less force to
support the same payload (1).

T=Fxr (1)
*Where 1 is the torque exerted on a joint by the payload, F is Force, r is the lever arm.
Tn = Fload*zliv=1 i — ;’l=1 lj (1.1)

*Where n is the number of the joint, N is the total number of members and 1 is the length of
the member.

T1 = Fioqa * (I + 13+ 1) (1.2)
Ty = Fioga * (I3 + 1) (1.3)
T3 = Flpgq * Ly (1.4)

Using smaller cylinders on subsequent joints also has the bonus of saving on weight. This is vital
because the same principal means that the weight of later joints exert an increased torque on the
first joint member due to the longer lever arm. The aforementioned code was used to select the
smallest cylinder that could support the payload (maintaining a safety factor of 1.2) with the
decreased lever arm.

10
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Figure 11. Idler sprocket chain drive assembly.

Figure 11 shows the idler sprocket chain drive assembly. This also serves as the connection to the
previous joint using the bolt pattern in the sprocket.

Figure 12. Idler encoder bearing mount.

The idler end also contains the encoder that makes precise control of this pneumatic system
possible. Magnetic encoders were chosen for their resistance to radiation, and this property will
later be tested. If radiation still proves to be an interference, then shielding can be added to future
iterations. The encoder is linked to the idler shaft by a belt and two pulleys. The tension of the
pulley can be adjusted by the moving the encoder and tightening it in place as seen in Figure 12.

11
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|
||§||_I|EI_, O

46.43 +0.02

Figure 13. Reach of actuated members.

The reach of the arm is currently approximately 4°. This is without the final member. The end
effector will contain a tool changer and have a variety of tooling to address wastes of different
consistencies and under different conditions.

2.5 Assembly and Testing

While at WRPS the new joint design was assembled and tested. The first test identified design
errors in the carriage and idler assembly that were corrected. The result was one working joint, but
it lacked a control system and due to supply limitations. Most crucially the encoder that would
make such a thing possible was unavailable at the time. For these reasons the prototype had to be
manually controlled by venting the solenoid valves.

12
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Figure 14. Joint member assembled at WRPS.

A test under the expected loads is being conducted at FIU. The control system is also under
development. These are the barriers to a full assembly. Once the full system is assembled, it is
going to be returned to WRPS’s Cold Test Facility (CTF) for testing.

13
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3. CONCLUSION

In conclusion, the initial testing of the first arm member at WRPS has provided valuable insights
into our project's feasibility. However, the true litmus test lies in the assembly of the complete arm
to assess the rigidity of the pneumatic cylinders for their intended operations. This inherent
challenge arises from the use of compressible air instead of incompressible hydraulic fluid. To
address this critical concern, we must subject the fully assembled arm to static and dynamic tests
with the maximum payload to gauge the impact on its movements.

Only after successfully completing this pivotal evaluation can we proceed with the development
of the control system. Undoubtedly, the next crucial step involves subjecting the joint to
operational loads to confirm its ability to maintain static position. This verification can be
accomplished by attaching a lever to the driving shaft, accounting for a safety factor of 1.2, and
setting a working load of 10lbs for a projected maximum reach of 54”. Consequently, the initial
joint can be subjected to a 451b weight at a lever arm of 14.4”. Once this joint is validated, we can
proceed with the construction of the full arm as per our original plans.

Following the successful assembly of the arm, the subsequent phase necessitates the development
of a comprehensive control system, encompassing both physical and digital components.
Leveraging open-source tools such as ROS (Robot Operating System) and the ROS plugin Movelt
will expedite this process. The control of robotic arms relies heavily on forward and reverse
kinematics calculations, necessitating a computer system to execute these computations. Hence,
an embedded computer will be indispensable for running the operating system and calculating
movements, while a microcontroller will be responsible for providing instructions to the actuators
and collecting data from sensors.

In parallel, it's worth noting that FIU-ARC has been enhancing its manufacturing capabilities,
enabling us to work with traditional materials and explore innovative avenues in our pursuit of
excellence. This multifaceted approach ensures that we are equipped to tackle the challenges ahead
and deliver a successful project outcome.

14
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