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Abstract

At the Los Alamos National Laboratory (LANL), low level nuclear waste (LLW) is processed for disposal at

the Waste Isolation Pilot Plant. This waste is processed in a glovebox and then placed into a 55 gallon drum

and sent to a nondestructive assay (NDA) laboratory to determine if the waste within the drum’s reactivity is

below 100nCi/g stipulated by the regulation held by the Enviromental Protection Agency (EPA). In several

cases every year, the reactivity of the drum is exceeded, thus requiring a costly and dangerous procedural

deviation to divide the contents of the drum to reach an acceptable level of radioactivity. To avoid this

problem, an in-line waste assay system must be developed to measure specifically plutonium-240 but also

must give a possibility of measuring other types of radioactive materials such as Uranium-235. This product

must have the ability to be applied to gloveboxes globally. This will require that the device has the capability

of assaying a fully loaded 55-gallon drum that is inserted into the glovebox through a penetration in the floor

of the glovebox before movement to the NDA laboratory. This assay must be completed within an hour,

while maintaining an ergonomically efficient design. To satisfy these requirements, the goal was to take a

neutron counting system available on the market and develop a mechanized collar to hold these devices while

it assays the drum’s waste underneath the glovebox.

The neutron counter that will be applied to the design is Canberra Industries’ model JCC-71,72, and

73 [2] accompanied with the JR-14 shift register [3] and neutron counting software [4]. The main aspect of

the design will be the development of a mechanized collar operating underneath the glovebox around the

floor penetration to safely assay the waste in 2-3 sections on the drum. This will require the collar to have a

vertical drive mechanism, a controls component and the construction of a holding rack for the counting slabs.

The design will accompany the 6 He-3 slabs fashioned around the drum with one of the holding positions

having the ability to accompany a passive or active slab depending on the application desired. The design

will include a minimal amount of areas with hard to clean spaces. This design will accomplish all of the

specifications explained above and hope to make the operations at nuclear processing facilities more efficient.
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1 Introduction

Team 8 is the Plutonium Assessment Team also known as ”Pu Smells,” the team consists of four members;

Andrew Elloso, Ryan P. Murphy, Robert Simpson, and Thomas Sullivan. All four are senior Mechanical

Engineering Students at the University of Rhode Island and plan on graduating this May. The four are also

all pursuing a minor in Nuclear Engineering, which will be beneficial to the capstone assignment. The team

has a variety of backgrounds in engineering work outside of the classroom. Andrew has spent three years

interning with Saint-Gobain Research and Development Center, where he helped design experiments to solve

industry related problems. Ryan has worked for Cape Cod Docks, where he has assisted in the construction

of heavy sea retaining structures. Robert worked with General Dynamic Electric Boat as a student technical

assistant where he became fluent with several computer software programs. Thomas has been in the Army

for 3 years and has been through several CBRN courses (chemical, biological, radiological and nuclear) and

has knowledge of safeguards for those threats. The combination of all of these unique backgrounds creates

a team with a wide variety of skills that plans on solving the problem statement.

The problem proposed by LANL is the one of several in a group called Safeguards by Design. Safeguards

by Design is a series of challenges that LANL has created to test college level students across the country

on their ingenuity and ability to solve complex real world engineering problems. LANL has partnered with

the International Atomic Energy Agency (IAEA) and universities around the country in hopes of finding a

group capable of solving any of their seven problems. Team 8 was assigned the problems ”Plutonium Waste

Item Measurement System.”

The LLW is moved down the glovebox line and into a 55-gallon drum. The radiation of the drum is then

taken to a different room to be measured, and if the limit of 100nCi/g is exceeded a process deviation must

be declared. What this means is that workers have to halt the current progress, dawn full body protective

suits, and manually unload the drum. This is a dangerous process that greatly increases worker’s exposure

and costs the company up to $150,000. The intended end state of this problem would be to eliminate the

need for this process deviation entirely. It happens on average five times a year and costs the company up

to $800,000. Funding clearly is not a large issue due the fact that a solution to this problem could save the

company millions of dollars and would pay for itself almost instantly. The funding, if approved, would be

provided by the Department of Energy (DOE).

The problem statement is to design a method for determining the nuclear material content of waste items

before they are placed into a drum and moved to the non-destructive assay lab. When the team first saw

this problem statement everyone immediately began to research nuclear detection systems and various waste

assay methods. The entire first half of the semester was dedicated to learning as much as possible about

these systems and processes. When it came time to begin the conceptual designs the entire team focused on

how and where to place different types of sensors with the glove box where the process would be happening.

After a regular bi-weekly meeting with the sponsor from LANL, Jennifer Alwin, the team learned that the

intended solution was more focused on a mechanical application to be implied universally.

During this meeting the team and Alwin discussed what the desired outcome should be like and reestab-

lished the intended outcome. The clarification conveyed the need to not create a new product, but to use an

existing technology and incorporate it into the in-line system currently in use. Basically, design a mechanical

application that can house multiple interchangeable assay methods. At this point a new approach to the

problem statement was taken.

Even though the focus of the problem changed, the requirement still remained the same. Los Alamos

National Laboratories requires an in-line system that would maintain safety and keep radiation exposure
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within ALARA regulations. The deviation from the current process must also be minimized and the new

technology requires an easy standard operating procedure. With all of this in mind the team moved forward

to create the final concept.

The proposed idea is a trapdoor based slab system that will sit underneath the glove box. Waste will

be loaded into the sealable bags currently in use and dropped down into the drum where different waste

assaying devices will measure the contents at several different heights to gain an accurate reading. This

entire process will take less than an hour and maintains a high level of safety and efficiency.
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2 Project Plan

The project plan for the Plutonium Assessment project was modeled after the flowchart [5] in Figure 58

of Appendix A. This was used to ensure an organized process could be followed and the final goal was

always kept in mind. Using the flowchart, the main milestones of the project were assessed and identified as:

the problem definition, concept generation, preliminary design, build, testing, and final design. With these

sorted out, roles of each team member could be assigned and the smaller tasks to reach the final goal could

be divvied up.

The strengths of each member were taken into account and the roles were set up. Robert Simpson and

Ryan Murphy are both design engineers in charge of computer-aided design (CAD) drawings and calculations.

Thomas Sullivan serves as the main research engineer prioritizing in selecting the products used and design.

Andrew Elloso is the team captain, in charge of project planning and scheduling while maintaining the team

binder/portfolio. These main roles served as a guideline for the team, but each member worked together

and helped in every single area possible.

To further organize the project, a schedule was created as a Gantt Chart on Microsoft Project. Figures

1 and 2 represent the fall semesters project plan, while figure 3 and 4 represent the spring semesters plan.

This chart was extremely helpful as it also defined which tasks were to be completed by each team member

and how much time was left until each deadline. The chart also aided in when to start each assignment, as

there were sometimes multiple tasks to be completed at a single time.

As a team, a specific weekly meeting time was not set due to constantly changing schedules. The team

also concluded that a single weekly meeting would not be enough as there was always a lot to work on and

more communication was necessary. Consequently, several meetings were created throughout the week to

discuss progress and any current work that needed to be completed. These meetings were always announced

ahead of time to ensure each member could be in attendance. However, bi-weekly meetings with the team

sponsor (LANL) were always scheduled ahead of time as they were planned out in the beginning of the

semester.

It was in these meetings that the LANL representative, Jennifer Alwin, was updated on the progress

of the team and any problems were addressed. These meeting were mostly completed via WebEx, however

some were done over the phone. This and email were the best ways to keep in touch with the sponsor as

the main location for LANL is in New Mexico. This made it especially hard to communicate as the entire

process of the problem statement was expressed verbally and in whichever pictures could be released.
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Figure 1: Fall Project Plan, Page 1
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Figure 2: Fall Project Plan, Page 2
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Figure 3: Spring Project Plan, Page 1
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Figure 4: Spring Project Plan, Page 2

2.1 Problem Definition

The problem statement consisted of searching for a nuclear waste assay that could be applied to the gloveboxes

in the facility at LANL. This device had to be in-line and capable of measuring the waste in a timely manner.

The assay had to take quantitative measurements in order to assess the total radiation levels of the waste.

The first step of this was to research the unfamiliar process and learn about current measuring practices.

After this, patent searches were completed in order to find any and all materials and devices that could

be useful. Each member completed their own, individual patent search and the results of the team were

compared in order to find the best and most beneficial finds. The results of the final patent search can be
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viewed in ’Section 4: Patent Searches.’

The initial understanding of the problem statement involved a multitude of nuclear and radiation calcu-

lations, but this changed several weeks in. The new statement involved using a similar assay, but one that

could measure both passive and active radiation, and also constructing a system that applied the assay to

the process. This change drastically altered the project plan as a new mechanical system was to be created.

This system had to be easily repeatable and adaptable for the measurement of both types of radiation. It

was here where the Canberra JCC models 71, 72, and 73 were selected to take on the job. This entire project

is to be approved by the Department of Energy in order to achieve a budget.

2.2 Concept Generation

Each member of the team also completed a concept generation study. This consisted of 30 different ideas,

provided by every team member. The ideas were all to be different, but applicable to the problem given

to the group. When each member completed the concept generations, a meeting was scheduled and every

single idea was discussed. The assay was determined first, and then the design for the support system was

created based on the needs of the sponsor.

The Canberra JCC assay featured three different models. Each model capable of different task, but all

combined to fill to needs of the problem definition. The assays needed to be interchangeable based on the

needs of the user. It was determined that a 55-gallon drum was the most common was to temporarily store

and transport the nuclear waste in the LANL facility, so the system was to be designed around this feature.

2.3 Preliminary Design

In order for the Canberra assay to take a radiation measurement on the drum, a few changes were made to

the advertised design. Instead of the typical four assays, six were needed to fit around the circumference

of the drum. The assays also are not tall enough to take a full measurement on the 55-gallon drum, so

three quantitative measurements were to be required. This required a new structure to be created. The

materials of the structure were determined based on the ’radiation proof’ quality the system needs to have.

The structure was designed and tested on SolidWorks. The results and an in-depth detail is provided in

’Section 11: Detailed Product Design.’ Along with the CAD drawings, a physical prototype was created

for the Critical Design Review Presentation. The prototype is further discussed in ’Section 13: Proof of

Concept.’ This prototype served as a brilliant demonstration tool, and was also helpful in working out some

minor design and construction issues.

2.4 Build

To begin the build, the initial budget was assessed in order to define the limitations. Upon receiving said

budget, a half scale model constructed of wood was to be made. This took the team about a month to

construct and was based on the Solidworks design made. Instead of a power screw lift, a TV lift was

purchased online to serve as a basis for testing the lifting process. This was due to the limited budget

constraints.
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2.5 Testing

Before constructing the half scale prototype, the design was first tested on Solidworks. These tests included

stress and displacement modeling based on both the full and half scale models. This was done to ensure a

successful construction of the prototype.

After the build, several tests based on the design specifications were created in the test matrix. These

included raising and lowering, along with weight constraints, and ergonomics based tests. The results of the

tests can be viewed in ’Section 15: Testing.’ In order to add the needed weight, the ’slabs’ were 3-D printed

as containers to bear sand as added weight.

2.6 Final Design

A few changes were made to the initial design that were recorded in the redesign period. These mostly

include aesthetic changes such as using spackle to fill in any gaps and painting the entire model gray. This

made a huge difference for the showcase as it was much more attractive to the eye.

The only major redesign was extending the front bracket several inches to close a gap in the mechanism.

The gap was due to a last minute hinge and latch swap that left a very noticeable gap, that would have

made the model unusable. A ’glovebox’ was added to the top of the model in-order to simulate the in-line

process during the capstone showcase.

The full scale model will be constructed out of aluminum, and will require a much bigger lifting system.

The CAD drawings for this will be submitted along with the feedback received from LANL.
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3 Financial Analysis

3.1 Full size Model Cost

The basis of the cost analysis of this device is derived from extensive inquiry into the projected costs of

necessary raw materials, the cost of product assembly and installation, the cost of neutron counting system

and the cost of other devices deemed necessary. A breakdown of the projected costs and descriptions will be

listed below followed by a final estimation of cost.

1. Cost of Raw materials

The cost incorporating into the raw materials includes the raw materials required in building of the full

sized neutron coincidence collar without the inclusion of the nuclear waste assay systems the product

is the collar is designed for. This includes the frame, supports and lifting mechanism. The product is

made out of aluminum when possible to reduce the weight and radioactive disturbances. The carriage

block, upon talking with the distributor, would be included with the sale of the pillow blocks. There is

a possibility of a student discount for the linear motion system by PBC Linear and Lee Linear (PBC

Linear and Lee Linear became one company [6]). The lifting mechanism is an assembly of parts made

by Lee Linear and Transmotec [7].

Table 1: Cost of Raw Materials

QTY Product Cost Per Unit ($) Total Cost ($) Source of Estimate

4 Multipurpose 6061 Aluminum Angle 38.37 155.00 McMaster Carr

2 Mortise Mount Hinge 20.51 41.02 McMaster Car
100 12-24 Stainless Steel Philips Flat Head .11 11.23 McMaster Carr

100 Low-Strength Steel Thin Nylon-Insert Locknuts .07 7.20 McMaste Carr

2 Base Shaft Alloy Steel 71.06 143.12 Lee Linear
4 Open Pillow Block 186.80 747.20 Lee Linear
1 Carriage Block - - Lee Linear
2 Grab Latch 6.67 13.34 McMaster Carr
1 Ball Screw 42.67 42.67 McMaster Carr
4 Support Block 48.24 193.00 Lee Linear
5 Multpurpose 6061 Aluminum Bar Stock 8.01 40.05 McMaster Carr
1 DMA Linear Actuator 840.50 840.50 Transmotec

2. Product Assembly and Installation

The professional assembly and installation of the product will account for a substantial cost in this

project. The first thing that would need to be done is the cutting and set up of the material. The

average cost of a skilled machinist per hour is $ 19 per hour and would need about 16 hours of labor

to complete the job. This would lead to a cost of $ 304 for this individual. Based on what could be

determined, the cost for welding is around 45 dollars per hour. With this information and an estimated

weld time of 8 hours would give a total weld cost of $ 360 given that the collar is set-up in an optimum

way. The installation would most likely take two laborers a full day to complete and the wage for a

laborer is around 15 dollars per hour so the cost for installation would be around $ 240. This brings

the estimated total cost of installation to 904 dollars.
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3. Design Cost and Time Breakdown

The time distribution of the team is mainly distributed into five sections of research, communica-

tion/outreach, administrative duties, product design, prototype construction, acquiring raw materials

and meetings. It is estimated that each group member spent around 7-12 hours per week on the

project. The total estimated time the group spent on the project in the first term is 950 hours and if

that is transferred into a cost for labor of an estimated $29.34 per hour [8] the cost of the labor would

be $27,875 for the semester. This payment is just an estimate that will not be included in the budget

because as students, the team will not be paid for the work undertaken. The research section included

the time looking into neutron coincidence counting information, the patent searches, regulations of

nuclear waste systems, machinery options and other pertinent information. The communication and

outreach references the interaction of both on the phone and through email the team members had

with LANL, Canberra Industries, Progressive Automations and the URI faculty. The vast majority of

the time in this section was taken up by the bi-weekly meeting the team had with Jennifer Alwin and

the consistent email communication. The administrative duties included the updating of the project

plan, submission of weekly progress reports and planning group actions of the week. The product

design portion of the time is roughly on the magnitude of the research portion of the lab and has

dominated the groups time in the past month. This includes the CAD drawings, engineering analysis

and comparative analysis of the concepts created. The prototype construction took up most of the

time of this project and this included the construction of the mechanical system and the collar itself.

The acquiring of raw materials included going to Arnold Lumber and ordering piece online. The final

task was the regular team meetings held. This includes the meetings that lasted about for around

20 minutes per week. These meetings proved to be helpful in working out plans for the week ahead,

dividing responsibilities, and addressing problems quickly to develop a solution.

Figure 5: Robert Simpson Time Distribution

Figure 6: Andrew Elloso Time Distribution
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Figure 7: Ryan Murphy Time Distribution

Figure 8: Tom Sullivan Time Distribution

4. Time Breakdown of the Los Alamos National Laboratory Faculty

This design challenge’s sponsor of LANL and more specifically the group’s mentor Jennifer Alwin have

spent a generous amount of time with the team working to answer questions as they arose during the

semester, guiding the teams direction or providing information for the group to gain a good background

what is expected from the team. Jennifer Alwin has spent an estimated 10 hours or more out of her

busy schedule on helping the team with the tasks described above. It is difficult to estimate what to

include in the budget for her time. The group is grateful for her assistance to the effort and this project

would be vastly more difficult without the vested interest of LANL and Jennifer Alwin.

5. Time Breakdown of Canberra Industries

This design challenge was aided tremendously by the team’s outreach to Canberra industries technical

representative. Canberra Industries produces the JCC-71, 72, 73 product line as well as the JR-14

shift register and the NDA 2000 software that is being planned on implementing into the design.

Sasha Philips specifically helped the team formulate ideas for the product that is being developed now.

Without even being the sponsor to our project, Sasha Philips helped an estimated two hour to the team

in the design process, helping the team understand the technology and the cost of the assay equipment.

The estimates for the neutron assay equipment is based on the estimates given by Canberra Industries.

6. Time Breakdown of PBC Linear

The team reached out to the east coast sales representative of Pacific Bearing Company named Tom

Ouellette. This was helpful in determining the necessary type of mechanism would best meet the
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requirements determined. The total time of communication was around a half hour conversation on

the phone that greatly helped the group get pricing for the pieces for the lifting of the collar.

7. Time Breakdown of URI faculty

The time of URI staff has helped the design team to hurdle challenges quick and avoid problems before

they became major issue and helped with the building of the prototype. Dr. Nassersharif specifically

helped the team with the selection of the type of neutron assay to use both with his discussion with the

students in a private discussion for around 20 minutes and providing the students with a specialized

book on radioactive detection. The group will also like to thank David Ferreria with his help with the

group in assembling the prototype. This help gave the students great direction in finding solutions to

the problems at hand and staying on track.

8. Project Cost of the Neutron Waste Assay System

The neutron waste assay system is based on a system already developed by Canberra Industries. The

design portion of the team’s design will incorporate Canberras design into an automated system that

will offer the option for the assay of waste before leaving the glovebox confinement. The cost of the

neutron waste assay system does have the option to offer different paths that could be explored by

the LANL that will adjust the cost greatly. The team has decided to focus on the development of the

mechanical system that will house the neutron counting system, it is important that the estimated cost

of this equipment is included into the projected cost of the system. This will be critical to calculate

the return on investment the full product will have to help justify the purchase of the collar system

that is developed.

Table 2: Assay Option One

Task Product Option 1 Price

6 Passive Neutron Counting Slabs (36) He-3 Tubes Acquire from Private Sector $144,000
Neutron Analysis Shift Register JSR-14 Acquire from Canberra Industries $15,000

NDA Software Canberra NDA 2000 $10,000
One Active Neutron Source Slab Neutron Source Material Americium 1,500/g

Table 3: Assay Option Two

Task Product Option 2 Price

6 Passive Neutron Counting Slabs (36) He-3 Tubes Acquire Direct from Gov’t $54,000
Neutron Analysis Shift Register JSR-14

NDA Software INCC Software N/A
One Active Neutron Source Slab Neutron Source Material Californium $60/microgram

9. Total Projected Costs

The total projected cost of the device will include the cost of the collar and an estimate of the cost

for a neutron coincidence counter acquired directly from the private sector. The total cost for the

raw materials to build the collar is $2,235.33. The total cost for the labor would be $904. The cost
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of the passive neutron counting system would around be $169,000. With a high estimated customer

acquisition cost of an estimated $1000 the final cost of the device would be $173,139. So it was decided

that the full system would be sold for around $250,000. This would allow for a solid profit margin and

a excellent return to the company.

3.2 Manufacture Cost and Marketability

The manufacturing cost of the design will greatly decrease with the increase in the demand for this design.

This product would create a niche market, small now, but could increase greatly with the increase in the

decommissioning of nuclear power plants and the expansion by other countries of reactors. If this were to

increase sharply, the cost of manufacturing would decrease but it is not foreseen that the product will have

the demand to justify a mass production system tailor to it. The manufacturing costs of the final product

will be fairly similar to the costs that are determined by the team due to the fact that the major costs to

the final project is the neutron counting system already developed from Canberra Industries. This product

could dominate a small portion of the market due to the lack of competition in the application pursued by

the team.

This product will be extremely attractive to the facilities that experience the same ”muda” LANL ex-

periences. With the cost of an average of $150,000 cost for a process deviation and around five process

deviations per year this product, no matter how the final cost of the neutron assay system and mobile col-

lar, will pay itself back well within a year and most likely much faster than that. If other nuclear waste

processing facilities experience the same kind of waste that LANL experiences, then this product should be

able to reduce their costs with relatively little upfront capital. The market strategy pursued by the team is

to eventually sell the idea to Canberra Industries to allow the well-connected and vast organization use the

product developed to open new market share to sell more neutron counting systems. This device would be

sold as an attachment to the JCC 71, 72, 73 system and would help the company allow for one device to be

applied into a new application thus helping to expand their market.

3.3 Future Technology and Revisions

With regard to the future technology, the collar design offers a flexible platform for the advent of new

technology. With a development by Canberra Industries of a new waste assay system, the design we developed

would be easily adapted to new shapes of the assay devices. The simplicity of the design offers the ability for

new technologies to be easily integrated in the device including but not limited to new neutron coincidence

counters. The design at this point does maximize the use of known technology and allows for optimal

performance.

3.4 Prototype

The vast majority of time in the design work in the second semester was spent constructing a prototype.

The budget for the project was provided by Dr. Bahram Nassersharif and the University of Rhode Island.

The budget that the group worked off of was a generous $700 and managed to stay below budget while

delivering a finished model by the end of the semester. The group had to make some decisions quickly to

cut the cost of the model while still proving that the prototype would model a finished product. First the

group decided to cut the model down to a half scale and make it out of wood. This cut costs immensely by

eliminating the need for skilled labor and expensive material. Then the group replaced the mechanical lift
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system with a re-purposed television lift. This also help cut the expensive cost of the lift system and cut

time in building the working system. These decisions early in the semester allowed to group to get right to

work. In table four there is a breakdown of the cost to construct the prototype outlined clearly. The total

cost of the prototype was a $537.96 bringing the project well below budget allowing that the group members

did not receive wages.

Table 4: Prototype Cost Breakdown

QTY Name Dimension Source
Cost per Unit

($)
Cost
($)

1 Plywood 4’x8’-1/4” Arnold Lumber 31.01 31.01
2 Wood Screws 3/8” McMaster-Carr 1.85 3.70
1 Wood Glue Quart Amazon 4.34 4.34
1 Hinge 1/2 Arnold Lumber 4.14 4.14
1 Television Lift N/A Amazon 359.99 359.99
6 SS Cap Screw 5/16x1 Arnold Lumber 0.54 3.24
6 SS Flat Washer 3/8 Arnold Lumber 0.25 1.50
6 SS Hex Nut 5/16-18 Arnold Lumber 0.21 1.26
6 Cap Screw 1/4x1-1/2 Arnold Lumber 0.15 0.90
6 Cap Screw 1/4x1 Arnold Lumber 0.11 0.66
1 XL-FX PHIL WS 12x1 Arnold Lumber 3.26 3.26
1 Spruce Lumber 2”x4”-12’ Arnold Lumber 4.48 4.48
1 Putty Knife 1-1/2” Arnold Lumber 3.08 3.08
1 Spackle Quart Arnold Lumber 9.26 9.26
2 Gray Spray Paint Can Arnold Lumber 5.26 10.52
1 Aluminum Sliders 4 pack Amazon .22.99 22.99
2 Aluminum Rods 30” Amazon 44.95 44.95
2 Linear Rail Support 2 pack Amazon 14.37 28.74
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4 Patent Searches

Before the team began to design any sort of nuclear waste assaying device they needed to do a patent search

in order to see what type of technology already existed in this field. Most of the other teams conducted this

search so that they would know not to design an already existing product and to avoid any sort of intellectual

property theft. Unlike those groups, Team 8 needed to know what products already exist because the project

involves incorporating a device into a mechanical design. Once the team established what technology was

needed to assay waste and what technology already existed this search quickly became more of a shopping

trip to find the ideal device. However, the purpose of this search was not just to see what type of assaying

devices existed, the team also had to learn about the mechanical installation of said devices. Once the focus

on the problem statement shifted from a nuclear aspect to a mechanical aspect, the goal of the search became

less focused on the actual nuclear assaying device and more on the installation of it. This shift meant that

the searches went from using keywords such as ”assaying” and ”nuclear” to ”drum” and ”hydraulic-lift” Of

all the searches conducted the following patents proved to be the most beneficial to the project.

1. Patent Number: 8,729,488

Patent Name: Assaying of Waste

Date Patented: 20 May 2014

Inventor: Wilson, Mark

Patent Description: This patent was most relevant to the team’s project because the goal of this

problem is to create a safer and more efficient way to assay waste. With very limited background in

nuclear engineering and no substantial prior knowledge as to what waste assaying really is, this patent

contained plenty of information to get a basic understanding. What this patent taught the group is

that assaying is measuring the specific volume of nuclear material and the multiple methods possible

for conducting the measurements. One of the biggest takeaways was that in most assay systems there

are usually two or more detectors present which could measuring several different methods. The team’s

final design is able to utilize both passive and active assays and that design specification is primarily

due to the knowledge gained from this patent. In regards of finding a device that is related to what

the team proposed as their final design, this patent did have some but not much relevance. After the

focus shift the team had to keep in mind the waste assaying devices but focus more on the mechanical

aspect, which this patent did little to help with. Overall, it was a good initial learning resource but

did little to assist in the actual design.

2. Patent Number: 7,227,152

Patent Name: Device to Measure a Radiation Dose

Date Patented: 05 June 2007

Inventors: Brabec, Christoph and Hoheisel, Martin

Patent Description: This invention is intended to pick up radiation dose rates from a source and display

this data on a monitor. It is primarily intended for medical use where a source is radiating and the

device is intended to determine how much radiation is being released and where from. The team is

intrigued by this patent because it fits into the original problem statement very well in the sense that

it determines quantities of radiation which is exactly what needs to be achieved in the final design.

Not only does this invention do the function that the team is trying to create it also explains the setup

of equipment and where to position key devices. The first patent gave the team a solid understanding

of how reading waste works, this patent was beneficial for a very different reason. Where the first
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patent was more of a theoretical background, this patent began to describe the physical set up of such

a device. When designing the final product the team had to consider the limited space that working

in a glove box offered. Also, when adding additional parts outside of the box, positioning of particular

parts of the scanner becomes critical. This patent provided insight on to which parts had to be in

exact locations and which could be placed more freely. This knowledge became very important after

the problem statement shifted.

3. Patent Number: 8993,827

Patent Name: Method for Stabilization and Removal of Radioactive Waste and Non-hazardous Waste

Contained in Buried Objects

Date Patented: 31 March 2015

Inventors: Soyfer, Boris, Halliwell Steve, and Stone, Kieth

Patent Description: This invention is created to help remove vertical pipe units (VPUs) from the

ground. A VPU consists of several 55 gallon drums containing low level radioactive waste stacked

vertically and buried beneath the earth. The removal is necessary because certain VPUs have been

known to have a breach after so many years beneath the earth and have toxins seep into the soil around

them thus poising the environment. This patent is about a device that is able to remove the entire

VPU at once and allow fresh soil to take its place. While this invention is not one that the team plans

on using in its design it does contain a certain function that the team is considering utilizing in theirs.

This device is intended to raise and lower several 55-gallon drums which is a mechanical portion that

the team’s final design also has to do. Although this design happens on a much larger scale the same

principals could be broken down and applied to a small scale system. In the end, while the exact patent

may not be used it definitely helped inspire the team to design something that will be.

The patent searches that the team conducted were first intended to give everyone a baseline knowledge

on the subject of nuclear waste assaying. It then gave the group several ideas on how to design an actual

assay to include the physical set up. As the group underwent this design process certain problems arose that

led the team to look at other patents and see if any more information could be gained. Certain problems,

such as how to raise and lower a 55-gallon drum or the positioning of certain pieces of a waste assay device

were usually solved by researching how other patents have solved this issue and referencing these for help.
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5 Evaluation of the Competition

While the product described in this report is designed for a specific application within the LANL facility,

there is potential that this product can be applied to the nuclear processing gloveboxes in not only other

national laboratories but nuclear reactors across the world. There are around 450 nuclear reactors operating

around the world. According to the IAEA, a 1000 MWe nuclear power plant produces on average 100 cubic

meters a year of low level nuclear waste [9].

The low-level waste at LANL is processed in the glovebox, placed into a 55-gallon drum, verified and

finally buried. If a barrel is over the stated limit of 100nCi/g at the verification lab, a procedure deviation

must be instituted that costs LANL around $750,000 per year. This cost is substantial and one could only

infer that other facilities experience this ”muda” in their operations.

This opens up the opportunity for the implementation of the neutron coincidence counting device that

would ensure the radioactive waste was safe for burial before it leaves the glovebox. This would vastly

decrease the likelihood of performing a process deviation and putting workers in danger. The marketing

plan envisioned by the team is to first create a full scale working model of the neutron counting collar

specifically designed for the plutonium processing glovebox. The design will require a partnership with

Canberra Industries.

The goal of the team is to show the different parties the advantages of the design. To the sponsor at

LANL, the designs goal is to show an innovative idea that will fill the specific requirements stated for the

design challenge. This will show the device able to save the facility time and effort while offering a quick

payback period. To the nuclear facilities workers, for whom will be working alongside this device on a

day to day basis, it will demonstrate an easy process addition that will help ensure ALARA guideline are

met. Finally to Canberra Industries, the plan is to offer the product as an add-on for the JCC-71, 72, 73

coincidence counting series. This will allow for Canberra industries product to be offered to assay a 55-gallon

drum of radioactive waste while it remains within a glovebox.

The collar positioning device will be integrated into an already developed counting system and with the

high cost of mistakes made in these processes, it will make the selling this add on attractive to the Canberra

sales force looking to open up a new market for a product that is not offered at this date. It is expected

that the product would be pleasing to all parties. With both the seemingly absence of direct competition

and the ability for the product to measure different types of nuclear waste, the first step of the expansion

of the product will be more to applications to different glovebox configurations within the facility. Once the

product is shown to work in other applications and a patent was completed, the hope would be to sell the

idea to Canberra Industries as an addition on their JCC-71, 72, 73 products.
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6 Specifications Definition

Design specifications is necessary for a product that is desired to meet particular requirements. This provides

regulations that the developers need to accomplish. These design specifications were created from initial

requests by LANL which can be broken up into two components: nuclear assay device and mechanical

system. The design being developed is a mechanical system that employs already existing nuclear devices

where both need to meet requirements. The list will provide guidelines when solving the initial problem for

LANL.

6.1 Nuclear System

The design for mechanical system would be difficult without specifications for the nuclear device. It important

to know which nuclear assay device to incorporate in order to build an appropriate mechanical system. The

requirements were directly given by LANL to ensure the product would solve the problem for the company

and possibly others.

Table 5: Nuclear Specifications

# LANL Requirement Engineering Specifications

1 NDA Neutron coincidence counting
2 Measure variety of waste Active and passive assay
3 Acceptable efficiency Active assay: 5% or greater

Passive assay: 5% or greater
4 Time efficient 1 hour or less
5 Drums reactivity level Less than 100 nCi/g
6 User-friendly JSR 14 Shift Register

NDA 2000 Software

The first nuclear specification given by LANL was that the device should be NDA. After researching

current NDA devices, Neutron Coincidence Counting is found to be a common way for measuring radioactive

material. This type of assay has the ability to measure a multitude of radioactive material.

The next requirement for the nuclear product was for it to measure a variety of waste. This is ac-

complished with the prior engineering specifications as well as an active and passive assay device. While

researching these devices, active assay and passive assay measure different radioactive material but can be

combined into one system.

Acceptable efficiency is another specification made by LANL. The efficiency of neutron coincidence count-

ing products has a wide range from less than 2% to over 40% for the high efficiency devices. The higher the

mass of radioactive waste present the less efficient the machine needs to be. The device necessary to solving

the problem for LANL is said to not need a high efficiency. The engineering specification for efficiency was

then set to 5% or greater for both active assay and passive assay.

The time of the assay should be completed in an acceptable manner. The device should not cost the

workers time that could be better spent doing something else. The fastest assay that was come across

achieved the task in thirty seconds, however, it is more common to find devices that take ten to twenty

minutes as the efficiency increases. The time of the assay of an entire drum should yield is an hour or less.

The drums cannot exceed a certain level of radioactivity set by Office of Homeland Security and Emer-

gency Coordination (OHSEC). This limit is set for environmental and safety protection. The maximum
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radioactive waste the drum can contain is 100 nCi/g.

The last request is the NDA device provide a user-friendly interface for the workers. This is done by

implementing the JSR-14 shift register and NDA 2000 software. These are universal computer programs

that collect the neutron coincidence data and are the most common and user-friendly systems provided from

Canberra.

6.2 Mechanical System

The requirements for the mechanical system derived from constraints in LANL processes and the desire to

make a useful product. The major problem is implementing a mechanical system that is consistent with the

majority of the current process for LANL. The product is focused on simplifying the assay of nuclear waste

in the glovebox.

Table 6: Mechanical Specifications

# LANL Requirement Engineering Specifications
1 In-line system Glovebox Dimensions: 150” long, 60” wide, 100 tall

Underneath: 39” tall
2 NDA holders 3.60” wide, 9.25” long, 20.35” tall
3 Universal system Interchangeable between active and passive assay
4 Ergonomics Install movement system
5 Vertical movement Lift 200 lbs or greater

Distance of 20”
6 Motor Torque of 4000 lbs*in
7 Rising time 5 to 10 seconds
8 Sturdy structure Frame holds 150 lbs or greater
9 Ability to assay drum 23.50” diameter
10 User-Friendly SOP Provided

The first constraint for the mechanical system is the size of the glovebox. It is imperative for the device

to fit in the glovebox line. The glovebox has a length of 150 inches, a width of 60 inches and a height of 100

inches. The height underneath the glovebox is thirty-nine inches for if a system is implicated underneath.

These dimensions constrain the size of the mechanical device in order to fit.

The mechanical system must contain an area for the NDA device. Based on the device selected for this

process the holders should have the dimensions of 3.60 inches wide, 9.25 inches long and 20.35 inches tall.

The dimensions are 0.05 inches greater than the device to enable easy placement and removal without too

much leeway.

Another request by LANL was to make the system universal. The device can be made universal by

maximizing the amount it can accomplish. This is achieved by having a nuclear device that can assay a

variety of waste as described in Section 6.1. The device chosen needs to a way to switch between active assay

and passive assay. In order to accomplish this the mechanical system created needs to be interchangeable.

Ergonomics with the mechanical system is a priority. This is translated into the engineering specifications

by the necessity to install a movement system into the product. This will cut down the heavy lifting or

uncomfortable lifting done by workers.

The system that needs to be applied to the mechanical design is a vertical movement device. This device

has some limits it should achieve. The total weight of the nuclear device and the mechanical product is
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approximately 150 pounds. The vertical movement should be able to lift 200 pounds or greater for a factor

of safety. The system should also drive the system to a height of 20 inches off the ground. This is necessary

to assay the entire drum.

The motor has an important requirement to allow the product to function. The torque of the motor

should be at least 4000 pound inches. The mechanical system is lengthy which requires more torque for the

motor. This specification has a factor of safety built in to prevent the motor from working it’s maximum.

The vertical movement of the mechanical product should rise and lower in an appropriate amount of

time. The time that the product should take from the top to the bottom should be 5 to 10 seconds. This

time a reasonable and easily accomplished specification.

The frame itself should be sturdy. The total weight of the devices is approximately 120 pounds. The

frame should be able to hold 150 pounds or more to ensure a factor of safety. This will be easily accomplished

with the use of aluminum alloy and welding.

The mechanical system needs to be able to assay a loaded drum of radioactive material. This requires

the system to fully fit around the standard 55 gallon drum. The mechanical system has a necessity to be

23.5 inches or greater in diameter to fit around the drum.

The final request of the mechanical system is the same as one for the nuclear system. The mechanical

system should be user-friendly. This will be solved by implementing a SOP to the mechanical product.

The nuclear specifications and mechanical specifications were combined to complete the design specifica-

tions for the product. These specifications can be seen in Table 7.

Table 7: Design Specifications

# LANL Requirement Engineering Specifications

1 NDA Neutron coincidence counting
2 Measure variety of waste Active and passive assay
3 Acceptable efficiency Active assay: 5% or greater

Passive assay: 5% or greater
4 Time efficient 1 hour or less
5 Drums reactivity level Less than 100 nCi/g
6 User-friendly JSR 14 Shift Register

NDA 2000 Software
7 In-line system Glovebox Dimensions: 150” long, 60” wide, 100” tall

Underneath: 39” tall
8 NDA holders 3.60” wide, 9.25” long, 20.35” tall
9 Universal system Interchangeable between active and passive assay
10 Ergonomics Install movement system
11 Vertical movement Lift 200 lbs or greater

Distance of 20
12 Motor Torque of 4000 lbs*in
13 Rising time 5 to 10 seconds
14 Sturdy structure Frame holds 150 lbs or greater
15 Ability to assay drum 23.50” diameter
16 User-Friendly SOP Provided
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7 Conceptual Design

When the team was first given their problem statement and told to create 30 general concept designs,

everyone began working with the idea of ways to record and track the assaying of the materials. The general

consensus was to find the best way to assay the waste in line while not disrupting the current standard

operating procedures. This mentality was used all the way up to and during the presentation for our 3

preliminary designs. After speaking with the representative at LANL, a new problem statement was defined.

The original thought was that a team was needed to create a nuclear counting tool and find the best

way to install it. Instead, after much discussion we learned to create a mechanical tool that would allow for

several different types of nuclear assaying and to focus on the creation of that system instead of the nuclear

aspect itself. Learning this so late in the semester caused for a shift in what our design would be and is

therefore not located in any of the 120 designs below. However, there are certain parts of each design that

are being utilized together in the final proposed solution.

7.1 Thomas Sullivan’s 30 Concepts:

1. Hand held operating Geiger counter like the light used in a dentist office. Allows for hands free use in

the glove box but is still easily movable.

Analysis: A Geiger counter would not perform the exact assaying intended for this problem statement.

Also, the installation of such a device would only hinder future operations.

2. Remote controlled Geiger counter, this will introduce a robotic aspect of the design and reduce the

need for actual gloves and/or physical movement.

Analysis: A Geiger counter would not perform the exact assaying intended for this problem statement.

Robotic aspect is being taken into consideration.

3. Waste is counted then sorted by quantity per item and moved into 3 separate storage spaces. One for

a small amount, medium, and large. Then x small items +y medium items + z large items will fit into

1 drum.

Analysis:This automated process would require more room than the glove box has to offer and doesnt

exactly answer the problem being asked. The materials being assayed are having their quantity of

radiation measured not their volume.

4. Digital Progress Bar shows real time quantity, the user records the counter readings and updates the

bar as necessary

Analysis:This software is included in the proposed solution. It is incorporated into the go or no go

testing in the assaying drum.

5. Incorporation of a notification system that activates when landmarks of capacity are hit i.e. 50%. 75%,

95%

Analysis: A similar software feature is in the proposed solution where the drum is assayed and given

a go or no go status.
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6. Have an automatic trigger that activates when one drum is overfilled. The excess spills over into an

emergency backup drum. This drum will remain below the current one until it is almost filled

Analysis:There is not enough room for two drums to sit below the glove box. The idea of putting one

below is in the proposed solution, the idea of it being overfilled is being taken into consideration.

7. The waste material enters a small disposable box where it is then measured again to reduce inaccuracy

due to any residual radiation in the glove box

Analysis:There is likely very little or no inaccuracy and therefore no benefit gained from assaying the

material a second time. If the radiation is going to be picked up, moving it somewhere else inside the

box wont change that.

8. Waste material is recorded and moved into a storage box before entering a drum to verify that amount

is under the limit prior to entering the drum

Analysis:This concept would require the in-line system to be interrupted for the installation of a

secondary box. While in theory this solution would work, the installation process would hinder the

overall systems ability to operate.

9. Drum is loaded inside of the glove box and has an auto sealing system that activates when the limit is

met.

Analysis: An automatic sealing system would require that the system is constantly operating in order

to track progress. The drum is filled up over several days of loading and would therefore require more

power than preferred.

10. Waste is filled into an 11-gallon middle drum then measured for accuracy when filled. Once verified it

is moved to the 55-gallon drum, repeat four more times then, measure again to confirm accuracy.

Analysis:This method is not only timely and non-cost effective but it’s also based upon the presump-

tion that the same amount of waste will be entered into the preliminary each time.

11. Install a conveyor belt system that allows the waste to be easily moved from one scanning station to

the next.

Analysis: This proposed idea would help the workers move waste within the glove box but it does

not directly answer the problem of loading the drums and is therefore unhelpful.

12. Have multiple glove boxes lined up to test the waste multiple times to insure accuracy. Use the average

amount and add to the total before sealing the final drum.

Analysis:Running the same test several times in a row is very likely to result in the same answer. If

there were errors in such readings then it would be due to an equipment failure.

13. Attach a Geiger counter to the outside of the glove box that is able to scan through the glass. Makes

handling the counter much easier due to the lack of need for gloves to operate

Analysis:A Geiger counter is not the desired assayer for this solution and had it been this would have

proved to be an ineffective method for recording the radiation.

14. Do not move the waste from the glove box after it has been measured. Instead continue to move in

new waste and scan the total pile again until the max value of waste has been met. Then move all of

the waste at once into the drum
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Analysis:Safety is the biggest reason not to use this idea. While it is possible it increases the amount of

time workers would be near the waste and keeping the exposure ALARA is a key part of this problem.

15. Waste is filled into a test 55-gallon drum and measured once to confirm that it is under the max limit.

Once confirmed it is then moved to the real drum for sealing.

Analysis:The primary test drum serves no purpose. It is simply a filler step in the system and would

only prove to not be beneficial.

16. A counter system is installed over the hole/entrance into the drum and records the progress. The

system tracks the progress and displays numbers for the user to see.

Analysis:This idea is possible but does not answer how or where the drum will be inserted during

this system. Also, constant tracking requires a lot of energy that could be better used elsewhere.

17. Roller bearings are installed in between the glovebox rooms to facilitate movement/transportation of

the waste.

Analysis:While likely to improve the movement of waste through the glove box, this solution does

little to answer the proposed problem. It has no effect on the loading of the drum itself.

18. A back up counter will be installed on the inside of the drum lid. Then when the drum is closed this

will trigger the counter which at this point will read out whether the limit is surpassed or not

Analysis:It is not financially possible to load each drum with their own counters. This would simply

add an unnecessary cost to an already expensive problem.

19. A rail system is installed into the glove box to improve transportation and if need be reverse the

direction of movement inside the glove box.

Analysis:This solution would allow for a more easily transportable system but does little to help the

loading of the drum and hardly answers the proposed problem.

20. Glove box installs lead lined doors that drop down during measurements to block out any residual

radiation from previous waste material.

Analysis:The mechanical installation of these doors would take countless hours just to design and

then the physical installation would take even longer. This would greatly hinder progress and require

an immense amount of input for a very small output in terms of efficiency.

21. Install a micro NDA in the final chamber to confirm count prior to drum being sealed

Analysis:While an NDA is the correct type of counter to be used in this problem it does not say how

or where it will be located in proximity to the drum. It also does not say where the drum itself will

be located.

22. Install a micro NDA in the 55-gallon drum to confirm the count after the drum is sealed

Analysis:The cost of installing a micro NDA into every single drum that gets sealed with waste would

be massive, the idea is not financially possible. It also does not say how the assayer is going to provide

data to the workers.
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23. Install a trap door mechanism to drop waste onto a belt below the glove box to store all waste out of

the way until the limit is met.

Analysis:The idea of using a trapdoor is being proposed in the final solution. However, the conveyer

belt would take up too much space and require too much time and money for installation.

24. Make the glove box entirely out of glass or as close to as possible to improve visibility and help with

movement.

Analysis:Not only would safety be lowered by a large amount through this idea, it also does not

address the problem statement. Visibility and mobility are issues but not the intended ones for this

problem.

25. Have the user side glass face on a track system that is able to move while still holding a seal. This

allows for the user to move about the actual gloves and does not limit them to one fixed position.

Analysis:This proposed solution would require an immense amount of analysis just to determine if it

is feasible. At which point if it is proven feasible it does not seem like it would benefit the workers or

system in any serious way.

26. Install a tray inside the glove box that is able to move around with an external joystick to increase

waste mobility inside of the glove box.

Analysis:This solution would make mobility within the glove box much easier but it would do little to

nothing to benefit the drum loading process. It would also limit what can and cannot enter the glove

box due to its need to have items smaller than the tray.

27. Install a Geiger counter into the base or roof of the glove box able to scan the entire box at once, then

clear the entire box and bring in new waste.

Analysis:A Geiger counter is not the counter that should be used for this system and if it were it

would need to be very big to scan the entire box at once.

28. Mount the Geiger counter on a dual rail and chain system similar to those in a claw machine in order

to get more exact control over the system as it measures,

Analysis:While this system provides a way to have more control over your system as you measure the

waste, it is still the wrong type of counter intended for this system.

29. Remove the gloves entirely and make the glass windows as large as possible. Then utilize robots and

drones to move and measure waste for you to reduce human exposure.

Analysis:The addition of robots and drones to this system could solve the problem and reduce human

exposure. It will however come with a large number of other problems from maintenance to cleaning

that deems this solution not worth the effort.

30. Install a Geiger counter into the inside of the glove itself to form a gauntlet like system able to measure

any item picked up by the user.

Analysis:This solution gives the workers more control over the measurements but does not assist in

the loading process. Also, no such device exists right now and the design of one would be very complex

and potentially not worth the time.
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7.2 Robert Simpson’s 30 Concepts:

1. Neutron Coincidence Counter attached to the top inside glovebox: This would be a device that reads

the material moved under it. The materials will be passed through the glovebox the same way it is

now. The device will count the neutron coincidence and moved into the waste drum.

Analysis:This is a good theoretical solution but it lacks certain specifications such as if the material is

going to be isolated prior to counting and what to do if the glove box is too high for it to read smaller

materials.

2. Neutron Coincidence Counter attached to glass: The device would have sensitivity to read the radioac-

tive material through the glass. Being attached to the glass would allow the user to be hand free. This

would give a reading of the material in front of the device.

Analysis:This idea is based upon the presumption that the coincidence counter is able to accurately

read the material in the box from the outside. With the need to still move the material would prove

that this process would not be hands free, even if the device would be.

3. Neutron Coincidence Counter that adds previous readings: This will be a reader that records the ra-

dioactivity of materials. The device will have a continuous total while recording the current radioactive

material. Once the limit hits the device will alert the user. The device will have a reset button for

each drum.

Analysis:This solution introduces a tracking method that needs to stay running while the drum is

being filled, which will require constant power. It also doesnt say where or how the scanner will be

installed.

4. Automatic feeder: The glovebox will have a conveyer belt moving along the radioactive material. There

will be a device counting the radioactive material as it passes. The device will add the radioactivity

as the materials pass by. The device will stop automatically when the maximum is hit.

Analysis:The installation of a conveyer belt would limit what can and cannot pass through the glove

box based upon its physical requirements. It also acts under the impression that there is a constant

feed of material, which is not always the case.

5. Manual feeder: The conveyer belt will only move when the button it is controlled by is pressed. This

will allow for the moving of radiation to go slowly and controlled better. The device reading the

radiation will count the total and give an alert when it is close to being full.

Analysis:This idea is superior than the previously proposed conveyer belt because it gives the user

total control over the system. Both however do not talk about the actual loading of the drum just the

recording process.

6. Ring on 55 gallon drum: The ring will track the radioactivity to enter the drum. This is based off the

passive neutron coincidence counter. The device will give a warning when the drum has almost hit

the limit. The ring can be kept in place allowing the drum being filled to attach to it and detach to it

when filled.

Analysis:This idea lead the group to propose a drum collar solution to help record the material fill

progression. First the idea had to be combined with that of the trap door to create one solid idea.
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7. Monitor outside glovebox connected to a device inside: The monitor outside will allow for better

viewing of the reading of the material. This can assure the workers arent reading through the glass or

having difficulty reading the recordings.

Analysis:This is one of the solutions that the team has decided to bring to its final design. Regardless

of what system was implemented, having the screen outside is the logical choice.

8. Control pad outside glovebox connected to a device inside: The control pad outside the box will allow

easy access to commands. This will prevent handling the device inside with gloves that would make

it difficult. The control pad can have a reset button for counting or it can allow to re-calibrate the

device.

Analysis:In general, this solution is vague and does not go into enough detail to be considered seriously.

The idea is based upon using a remote control of sorts but doesnt say what for or how.

9. Reader imbedded to the bottom of glovebox: The radioactivity will be read as it is passed over the

device in the glovebox. This will be similar to a scanner. This device will record the total and alert

the workers if they will exceed the drum limits with the current waste.

Analysis:This solution works similar to that of a grocery store checkout, where the item passes over

the scanner. It could be taken into consideration, providing it come with an easy way to load the

drum.

10. Well-Detector inside glovebox: A well-detector is a passive coincidence counter. The dimensions of the

device will allow it to fit in the glovebox. The radioactive material can be placed in the detector and

recorded. An image is displayed as Figure 9.

Figure 9: Rob Idea 10 [10]

Analysis:This idea is the closest to the final design that the team proposed. That being that it also

is an assaying method where the materials are surrounded by the scanner. The final design is not

actually a well but operates in a similar physical fashion.

11. Drums with HLNC on top: HLNC is a passive high level neutron counter used on drums currently.

Implementing this device to the glovebox line would allow for the radioactive material in the drums to
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be counted. Since the HLNC would be on top of the drum, the drum would need to have a slit on the

side to place the nuclear waste inside (Figure 10).

Figure 10: Rob Idea 11 [11]

Analysis:This solution incorporates this scanner onto the drum itself and does not stay in the glovebox.

While it could work, it does expose the workers to a higher risk which is not what this problem wants.

12. HLNC in glovebox: Make a compartment in the glovebox for the high level neutron counter. This

would allow for the reading of the material before entering the drum. Once read the material can

be moved to the drum. The compartment would need to be hooked up to a computer to record the

information.

Analysis:Moving the high-level neutron counter into the glove box is a safer approach than leaving it

separate. However, the addition of this new compartment would upset the already inline system due

to physical constraints of the surrounding area.

13. Add a lead divider to glovebox: This can be a hinge lead frame in the middle of the glovebox. The

divider can separate sides of the radioactive material. This would be done for lower level neutron

coincidence counters. The hinged door can be put into place either manually or automatically.

Analysis:If high level neutron counters are an option then why would we need to make specific

accommodations for low level counters? While yes it would increase accuracy due to the lead shielding

it just seems unnecessary.

14. INVS (Inventory Sample Counter) small compartment: The inventory sample counter is used for small

plutonium samples with much less plutonium than HLNC. Make a small compartment or bucket in

the glovebox where INVS can be run. Run analysis on small samples of plutonium at a time until the

maximum content in a drum is met.

Analysis:As stated above the incorporation of an additional compartment is unlikely due to the

proximity of other glove boxes. Also, the obvious flaw in this design is what to do if a large sample

arrives that this device cannot accurately measure.
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15. INVS incorporate into drum: The inventory sample counter is used for small plutonium samples with

much less plutonium than HLNC. The device will measure samples of plutonium like designed. The

device will also add up plutonium levels from previous readings of the current drum. The bottom will

open dumping the radioactive waste into the drum as long as it wont exceed the drums limits.

Analysis:The trapdoor idea for the glove box is being used in the final design, still however the

small-scale scanner is flawed due to its inability to read large samples.

16. WDAS in line: WDAS [?] is the waste crate assay system that measures high and low radioactivity

levels in waste. The system is a passive neutron coincidence counter. Using the system in line with

the glovebox will cut down time.

Figure 11: Rob Idea 16

Analysis:This is a very accurate device that would definitely be able to read the radioactivity on the

materials provided. The problem with it is that it is too large to incorporate into the in-line system.

17. Apply the WDAS to the glovebox: Use the system for the waste drum assay system to make it

applicable to the glovebox. Place a waste container in the glovebox to be used as the measuring

container. Measure out how much waste is in that drum and if it does not exceed the 55 gallon limit

dump it into the drum and continue until the maximum is made.

Analysis:This device is too large to easily incorporate it into the glove box and even if it were added

then the problem of loading and unloading arises.

18. Flat-squared counter attached to glovebox: The flat-squared counter is a small neutron coincidence

counter therefore it can fit in the glovebox. The material can be analyzed in the glovebox then placed

into the drum.
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Figure 12: Rob Idea 18 [13]

Analysis:Using a smaller scale counter inside the glove box limits the workers exposure and does not

disrupt the in-line system. If paired with a drum loading procedure this idea could work well.

19. Make a compartment with similar style of flat-squared counter: The flat-squared counter is surrounded

by neutron detectors, graded liner, and moderators. The device also has a high voltage junction box.

This device can try to be replicated in a glovebox to increase the amount of material that can be

analyzed. This would also make it easier to move the waste throughout the glovebox.

Analysis:This idea is to replicate an already existing device to install it into the glove box. What

would be easier, this design or actually installing the original device, in other words, is it worth it?

20. Passive assay instead of active assay: There are two different ways to record plutonium waste through

neutron coincidence counting. Passive assay is a detection and measurement of the neutrons from

an isotope that undergoes spontaneous fission. Active assay is using neutrons to induce fission on

a material and counting the neutrons emitted from that material. Passive assay is said to be more

accurate than active assay.

Analysis:This is another idea that is being considered for the final design. Active versus passive

assaying is something to consider when choosing the final product that the team will use.

21. Combining both passive and active assay: There are previous devices that have a combination of both

passive and active assay. Creating a device like this to incorporate in the glovebox would ensure an

accurate answer.

Analysis:The teams final design is able to do both active and passive assays due to its ability to have

interchangeable slabs that can do several different measurements.

22. FDET detector head sealed in the glovebox: The Fork detector irradiated fuel measuring system

detects gamma rays and neutrons. The system has a detector head, an extension pipe, a gamma ray

and neutron detector electronics unit and a portable computer. The computer can have a station
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outside the glovebox for readings. Nuclear waste would be moved to the detector had, read and the

placed in the drum accordingly.

Analysis:This measuring system, while possible, is not one that the problem specifically is looking

for. Let it be known though that the monitor outside of the glove box will be used in the final design.

23. Two different signals inside the glovebox: The first signal will detect one or more types of emissions

from the material. The second signal will be a detection of the cosmic rays. Having the signals set up

in the glovebox will allow for a more accurate reading of the radioactive material.

Analysis:As stated above the idea of having multiple counting and detecting methods went into

consideration when planning the final design.

24. Neutron scintillating wall: Neutron absorbing scintillating particles in plastic is a known neutron

detector method. If there is a wall in the glovebox made for this, the neutrons can be counted by being

attracted to the wall. The detector imbedded will read the neutrons. The detector can also select

particles from the range of alpha to triton.

Analysis:This is a very possible but costly design method. It would take a lot of time and money to

replace a wall in all of the glove boxes. Even if the idea allows for a more complex array of counting

methods.

25. Lithiated glass waved across the nuclear material: Have a piece of lithiated glass with scintillating

particles is waved over the material. This will attract the neutrons from the radioactive material. The

neutrons will be detected using this method.

Analysis:This proposal does not give any details on how it will operate. Does the worker scan the

glass or a machine? What happens if its drop and where is it stored?

26. Ionization chamber in glovebox: A low electric field current is caused by the creation of an ion pair

(an ion and an electron). The ion chambers are preferred for high radiation doses. Implementing this

into the glovebox would an accurate overall dose reading with an ability to read high radiation doses.

The chamber would be in the glovebox with a door that opens to move radioactive material in or out.

Analysis:Installing an ionization chamber inside of a glovebox seems a bit complex. Then once its

installed inside how easily could it be operated by a worker?

27. Gas Proportional Detector in glovebox: This is similar to the ionization chamber by using ion pairs

but this operates at a higher voltage. The device works well with a large area of flat arrays. This can

be used in the glovebox if the waste material is spread out. The detector measures energy of radiation

and can discriminate between alpha and beta particles.

Analysis:Similar to the ionization chamber, this seems like a lot of work for a method that may not be

the best option. Although, the use of a flat arrays was presented in our 3 design concepts presentation.

28. Solution neutron coincidence counter on its side in glovebox: This is for the radioactive waste that is

too bulky or contain too much fission for gamma-ray counting. The device has an inlet and outlet tube

which would work to send it from one side of the glovebox to the other side. The assay chamber is 1

liter in volume which will mean the container can be dropped into the 55 gallon drum.

Analysis:This idea could potentially work but a system would need to be designed to get the tube in

and out of the drum as well as what to do if an item is too large or small for the tube.
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29. Smaller active and passive neutron crate counter: The active and passive neutron crate counter can

measure a variety of waste boxes of plutonium or uranium waste. Place the machine in the middle of

two gloveboxes to create a confined space. The waste can be measured in smaller boxes and added

up for each drum. The smaller boxes will be dumped into the drum with a known total of how much

waste is in the drum. The boxes can be reused or added to the waste.

Analysis:The idea of using disposable counters means that there is a need to constantly purchase

more of them. Not only does this idea have a consistent cost with it but it also creates more waste in

the process.

30. Multiple checkpoints of the drums using scrambler: This would be a glovebox with a waste drum in

the middle and a waste drum at the end. Place the scrambler attached to the first waste in order to

take the readings of that drum. This will be used as a test point for the waste added. More waste can

be added or some can be taking out depending on the reading given.

Analysis:This idea of having a test drum is plausible but a loading and unloading mechanism would

need to be created as well as a plan for when the drum is above capacity.

7.3 Andrew Elloso’s 30 Concepts:

1. Use a window type structure equipped with sensors on the border to measure the level of radiation

coming off of the specimen. Incorporate a light-emitting diode (LED) light progress bar measuring the

total amount of radiation that has passed through and that quantity that is allowed until the limit is

reached. See sketch below (Figure 13).

Figure 13: Andrew Idea 1

Analysis: This idea seems relatively simple except the workers may want to know more information

that just what LED lights can provide. Also, does not go into detail about the loading of the drum.

2. Instead of an LED lit bar, include a digital readout of current radiation and how much is left until it

is full. This can either be displayed inside the glovebox, or outside, wherever is best for the operator.

Analysis: This is a better solution than the use of LED lights. The team agrees that the monitor

should be located outside of the glove box to provide easy visibility to the workers.
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3. Place a sensor and shield around the 55-gallon drum displaying the readout as specimen are put into

the drum for disposal. The display can be put wherever convenient for the operator.

Analysis: The idea of a collar scanner and separate monitor was one that the team used in their

3-concept presentation. While a good idea for this presentation, it does not assist with the mechanical

aspect of the new problem statement.

4. Create a pad using sensors similar to that of a grocery store scanner. The operator will place the

specimen on top and hit a button on command for a readout. The sensors will be placed in the bottom

of the pad and will include gamma and neutron radiation detectors. An LED light will display when

the specimen is being measure and when it is safe to remove.

Analysis: This scanner is a bit more complex than those previously mentioned, while in theory it

could work, it does not go into details about the loading of the drum itself.

5. Incorporate idea 4 with a digital display and tally count of how much neutron and gamma radiation

is left to go until the limit is reached.

Analysis: What real benefit would adding a tally counter bring to this design? Again, like idea 4,

still doesnt mention the physical loading of the drum.

6. Incorporate a Geiger counter type tube into the glove box design and use the current to display results

either digitally or analogue.

Analysis: A Geiger counter tube would require design work in nuclear engineering that we as a team

do not yet posses. To consider this idea feasible would require more man hours of research than

realistically possible.

7. Use a scintillation counter for neutrons and gamma radiation. This is to be placed onto one of the

sensors.

Analysis: This bulky device is a possible counter that we could use. However, the process of installing

it onto a sensor does not seem realistic and the idea doesnt mention the loading of the drum at all.

8. Use handheld radiation detectors inside the glove box and manually enter the readout into a computer

program. This can also be a Geiger counter type device.

Analysis: Having a hand-held system inside the glove box and also manually entering the data into

a separate program would require the worker to go back and forth between two stations, thus altering

the in-line system greatly. It doesnt meet the intended goal for this problem statement.

9. Place an array of sensors above the drum in a lid type fashion (see Figure 14). This will provide an active

readout when the contaminants are placed into the drum and will provide an external measurement

on a screen.
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Figure 14: Andrew Idea 9

Analysis: This idea reflects that of a drum collar which is similar to an idea that the team presented

in our final 3 design presentation. If pared with a drum loading mechanism, this idea could potentially

work.

10. Use a spatially resolving radiation detector and incorporate this onto the sensor methods.

Analysis: This idea exists only theoretically and has a patent created for it. For the team to physically

create or at least design one would take legal actions and plenty of research. While it could potentially

work, it would take a tremendous amount of man hours.

11. Use a shield for radiation blocking to keep the contaminant isolated. This shield will also have sensors

underneath the lid and provide a readout on an external screen. See Figure 15 below.

Figure 15: Andrew Idea 11

Analysis: If an isolation chamber such as this were to work it would need to be cleaned after every

test to remove any residual radiation. This process would actually slow down the entire system, even

if it means getting more accurate results it is not worth it in the long run.

12. Place the specimen in a microwave type device incorporated with sensors and shields to keep out

external radiation. A screen will display the results.

Analysis: A microwave type device, physically speaking, resembles that of a well detector. This is an

idea that the team planned on using and is still somewhat in use for their final concept.
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13. Use a gamma ray spectrometer (GRS) and combine this with a neutron detector to measure the

radiation levels.

Analysis: As a group of undergraduate students with limited nuclear engineering background, com-

bining a gamma ray spectrometer with a neutron detector seems a bit too complex for the team. Maybe

if we had some professional help to assist us this would be possible, but for now we need to look for a

simpler answer.

14. Push the specimen through a tunnel equipped with sensors to measure the radiation. The tunnel will

also have shields to help isolate the contaminant.

Analysis: The idea of an isolation chamber implies that the entire glove box would need to be cleaned

after each test to remove any residual radiation. This process would take far too much time and effort

for the workers and would actually slow down the entire system.

15. Include a switch or button board with the ideas to control when the measurement is taken, when

the sensor will be zeroed with the ambient radiation, and when to stop taking the reading. This can

also omit the most recent sample if the radiation limit is too high. Numbers could also be used as a

reference to the specific contaminants.

Analysis: This idea seems like it’s using a lot of words to simply say that there needs to be a control

monitor to make sure that the workers have total control over the system. This is an obvious yet

important plan to keep in mind throughout the design process.

16. Use a series of Geiger-muller tubes in a pad (Figure 16) to measure the contaminants. The tubes will

be placed in rows and the highest reading on the tubes will be taken. See image below.

Figure 16: Andrew Idea 16

Analysis: Using several tubes to record data and then only using one result of those tubes seems like

a waste of equipment. If all of the tubes are measuring the same specimen and giving vastly different

results due to minimal initial positioning, then that would most likely be due to faulty devices.

17. Use a dual motorized sensor to analyze the contaminant. The specimen will be placed on a designated

area and the sensors will move when instructed by the operator. See Figure 17.
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Figure 17: Andrew Idea 17

Analysis: This idea is vaguely describing a method of assaying the material from all angles to ensure

a proper reading. This is exactly what our teams final design is based upon.

18. Use a motorized scanner similar to that of the airport security devices. See image below (Figure 18).

This will scan the entire drum when instructed to by the operator and provide a readout.

Figure 18: Andrew Idea 18

Analysis: This is the closest idea to our final design that will be found out of these 120 conceptual

designs. Getting a 360-degree reading around the entire drum, combined with a trap door mechanism

to load the drum, is exactly what our final concept is.

19. Mount idea 16 on the side or top of the glove box and equip the other sides with radiation shields.

Analysis: When installing other devices or compartments onto the glove box, the bottom of it is the

best chance, due to large amount of open space. There is very little room on the sides or above due to

other equipment.

20. Use an analogue scale to measure the current radiation levels and include the limit. This is to be

zeroed with the ambient radiation every time before use.
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Analysis: If you keep zeroing your reader to compensate for residual radiation over time your device

will slowly become more inaccurate and could affect each new reading.

21. Put a sensor pad underneath the 55-gallon drum and display the active readout externally.

Analysis: This idea could potentially work but then the problem becomes how to load and unload

the drum itself if it sits on the scanner. Also, loading the waste material is not addressed.

22. Put the sensors into four poles and in a designated area of the glove box.

Analysis: This design shows little to no effort and makes minimal sense.

23. Place one or two Kromek DS3 sensors in the glove box and display the readout on a larger screen.

Incorporate a control device where both can be operated at once.

Analysis: The idea of putting multiple of the same device in the glove box to improve accuracy is a

trivial notion. It is basically telling the product manufacturer that you dont believe that their device

is accurate.

24. Use a motorized conveyer belt to carry the items through the sensor structure instead of pushing them

through manually. This will provide a more consistent reading.

Analysis: The installation of some sort material transportation device will improve mobility inside

the glove box, but only for certain materials. It will also provide no benefit to assaying and loading of

the drum.

25. Use a wand type device to measure the radiation levels. The results can be displayed on screen

externally.

Analysis: This describes how a standard Geiger counter works, it uses a wand to read direct materials

and give the user audio based feedback. This is not the type of counter best suited for this problem.

26. Use a sensor on the top of the glove box that resembles a ceiling fan. This is to be placed in vertical

tube shielding with an opening on the side for the specimen to enter the apparatus.

Analysis: What benefit does turning the counter into a fan device give to the system? The vertical

tube idea seems to resemble that of an isolation chamber, which again is not what the problem specs

can accommodate.

27. Place bar sensors in the corners of the glove box or at the top and bottom.

Analysis: A slab sensor, similar to that of a bar sensor, was one of the three design that the team

presented originally prior to the problem statement changing.

28. Display the results from idea 25 on the side of the wand that is not used to measuring the radiation.

Analysis: The wand is based upon emitting a detection system in all directions. It is not probable or

beneficial for such a device to be created. It would also mean that the monitor for output reading is

located inside the glove box, a design that is not wanted.

29. Use a half box shape, similar to that of a laptop, and have the results displayed where the screen would

be and the sensors in the bottom and side.

Analysis: This design has the monitor located inside the glove box and does not say how or where

the sensor would operate with respect to the material.

Team 8 Page 37



Plutonium Assessment —

30. Place sensors on a bowl-shaped structure and line the bowl with radiation shields. The readout can

be displayed on the side of the bowl.

Analysis: The bowl-shaped device is an interesting idea that could be possible, provided more time

to research the idea. However, having the output monitor located on the outside of the bowl doesnt

only seems unnecessary it in fact might hinder the workers ability to operate the device.

7.4 Ryan Murphy’s 30 Concepts:

1. A hand held neutron monitor that is adapted to be used by operator in the by the operator to measure

radiation inside the glove box. This would measure and count the radiation before disposal in a specified

area in the glove box.

Analysis: The problem with a hand-held detector is that it can only read material near the worker

and allows for limited mobility.

2. hand held neutron monitor that is adapted to be used from the outside of the glove box to be used

through the window or port of the glove box.

Analysis: As stated above a hand detector limits the users ability to a localized area also passing

a detector through a port would cause for more problems such as how would it transmit the data

collected.

3. The IAEA neutron coincidence counting computer program to be paired with the neutron counting

devices.

Analysis: This is a more likely solution where an external monitor is to be used with a detecting

system. This concept is used in the teams final design presentation.

4. HLNC that is adapted to be the size of a 55-gal drum inside the glove box. This would be loaded

manually, then the count would be reached, then the waste would be manually unloaded.

Analysis: The problem with this concept is that the loading and unloading of the drum inside the

glove box would require more mobility than a standard worker is given. This is why the final design

has the assaying chamber below the glove box.

5. HLNC sized to match the size of a 55-gal drum with the waste movement system styled to be removed

with a trash bag style removal system.

Analysis: The idea of a trash bag removal system is being implemented in our final design. We feel

that it allows for easy disposal of all low-level waste.

6. HLNC sized up to the shape of a 55-gal drum and positioned on its side and have two doors on each

side. This would allow for easier movement of the waste in a pass-through system in the glove box.

Analysis: Attaching devices to the side of the glove box can be potentially problematic due to limited

space. It is for this reason also that the final design is located underneath the box.

7. HLNC sized up to the shape of a 55-gal drum and positioned on its side with one door. The waste

would be manually slid into the device, counted, and then slid out to proceed onto waste disposal.

Analysis: Attaching devices to the side of the glove box can be potentially problematic due to limited

space. It is for this reason also that the final design is located underneath the box.
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8. HLNC sized up to shape of a 55-gal drum and positioned upright. This would be outfitted with a

mechanical system for easy loading and unloading.

Analysis: This style and positioning of a device is being used with the trapdoor mechanism to create

our final product. The placement of the device is what sets this concept above others.

9. A waste crate assay system (WCAS) would be adapted for use in glove box (sized down). The waste

would be loaded manually into the crate in small batches, the radiation would be counted then placed

into disposal drums.

Analysis: Installment of any sort of crate system or smaller box within the glove box would only

hinder the in-line system as it gets in the way of the manual movement of waste.

10. WCAS would be adapted for use in glove box. The movement system of the waste would be aided by

the implementation of a roller system.

Analysis: The use of a roller system in the glove box would improve the mobility of the waste.

However, it could possibly interfere with the loading and unloading of the drum.

11. WCAS would be adapted for use in glove box. The waste movement system would be aided by the use

of an automated belt system.

Analysis: The installation of a belt system inside the glove box would limit what waste can and cannot

be moved due to physical constraints. Although it would assist in the mobility of smaller waste.

12. An INVS to be bought and adapted for use in the glove box. This will be done by counting small

samples of waste and counting them separately.

Analysis: This idea is good in theory but the problem with small level detectors is that if a larger

piece of waste were to enter the glove box and this device is not powerful enough to accurately measure

it.

13. INVS would be sized to be loaded to a size of 27.5 gal. This would only allow a maximum of two

batches of counting and loading or unloading.

Analysis: This concept does not specify where the drum will be located or how it will be loaded. The

idea of breaking it down into two separate batches only works if the batches contain the exact same

amount of waste which is unlikely.

14. INVS would be sized to be the size of a 55 gal. This would allow for one batch of counting to be done

at a time and to fill them to fit into a 55-gal drum and stay under the allowed radiation level.

Analysis: This concept is better suited than the two smaller batch ideas however it also does not

specify the loading and unloading process for the drum.

15. INVS’s waste movement system would mirror a ”trash bag” for easier movement of the radioactive

material inside the glove box. This would limit the movements that would need to be done by workers.

Analysis: The idea of using a trash bag system is being utilized in the teams final concept. However,

in that idea the trash bag is used underneath the glove box and not inside of it.

16. INVS to be implemented with a mechanism to move the device onto its side so the loading and unloading

would be easier. The INVS would be rotated on its side, loaded, rotated to an upright position the

lowered again for easier unloading.
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Analysis: This sort of mechanism inside the glovebox only works for specific scenarios. The problem

statement is intended to keep the glove box system the same so multiple different processes can utilize

the same glove box at different times.

17. INVS to be positions on its side and to be used as a station to pass the waste through so a count could

be recorded. This would resemble a check out at a grocery store type idea.

Analysis: This idea is feasible however puts heavy requirements on the worker’s ability to maneuver

the waste properly. It also fails to mention how the waste will be loaded into the drum.

18. INVS to be positioned on its side with two doors on either end. This would make the manual loading

and unloading easier and accurate counts still could be recorded.

Analysis: This method would improve the ease of the loading the assaying system. However, it does

not mention how it will be loaded into the drum.

19. Audible alarm system to alert the operator when the radiation limit is reached. Different tones would

be used when the limit is being approached, reached and overfilled.

Analysis: The idea of having a monitor track the waste’s progress as it fills the drum is being utilized

in the team’s final design. Whether or not audible alarms will be used or a simple monitor is yet to

be determined.

20. Flashing lights to alert the worker of the status of the radiation limits in the batch destined for storage

in the same 55-gal drum.

Analysis: As stated above, there is not a finalized idea yet as to how the worker will be notified about

the status of the drum in question.

21. Plutonium scrap multiplicity counter (PSMC) to be adjusted for use in the glove box. This would be

used to count the radiation in relatively small batches.

Analysis: The problem with any sort of counter that is based around using smaller batches is that if

a larger piece of waste that cannot be broken down enters the box then the device instantly becomes

ineffective.

22. PSMC that would be installed into the glove box and the sized would be upgraded to 55 gal or 27.5

gal. This would help to cut down the amount of batches the worker would have to move.

Analysis: Utilizing one or two batch methods is based upon the presumption that the batch in question

will not go over the limit of the drum. If the limit is reached and superseded, then the original problem

still occurs.

23. PSMC that would be outfitted with a trash bag system. This would ensure the radiation count would

be accurate and minimize the loading and unloading times.

Analysis: As stated before the use of a trash bag system is being used in the team’s final design. It

allows for easy control and more accurate reading of the waste.

24. PSMC that would be outfitted with mechanical system that would allow for the device to rotate. This

would allow for the easier and faster loading and unloading of the waste for counting.
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Analysis: The idea of rotation while counting is used to achieve a reading that is 360 degrees wide.

This idea has been considered and proved to be the most accurate method and will be used in the final

design.

25. PSMC positioned on its side and being a pass-through system for the waste that would count the

radiation of each piece that is passed through. This would keep track of the radiation count until a

barrel was filled and the count would restart afterward.

Analysis: Tracking the amount of waste that enters the drum is one of the primary focuses of this

problem and this is the type of solution that the team plans on using.

26. Fork detector irradiated fuel measuring system (FDET) that would be positioned as an ’arch’ in the

glove box. This would be used as a pass-through point of the waste and would count the neutrons

detected.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have

an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

27. FDET that would use rollers to move the waste through the arch to make the movement of the waste

much easier and more constant. This would allow for a higher accuracy measurement.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have

an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

28. FDET that would use an automated belt system to move the waste through the arch at a constant

rate.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have

an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

29. FDET that would be installed directly above the loading of the drum to count the radiation as the

waste is dropped into the disposal drum.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have

an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

30. A layer of steel to be installed over any device to be used. This will act a shield to cosmic radiation to

ensure there is an accurate measurement of the plutonium placed into each drum.

Analysis: Shielding is always considered when designing a device to record waste. The design of such

a shield has to be precise so that waste can be measured without having any interference.

In conclusion, after analyzing all 120 of the original ideas the team established three ideas to act as

preliminary designs. Shortly after we realized that these would not meet the intended problem statement.

It was at this point that we had to regroup and sort through all of the original ideas to find the inspiration

for our new final concept. As stated originally the exact design that is being presented isn’t one sole idea

in the list above. It is instead a combination of several of them that we feel would work best to solve the

problem statement.

Team 8 Page 41



Plutonium Assessment —

8 QFD

The quality function deployment (QFD) is a process to transfer customer requirements into specific product

plans. The main portion in the QFD is known as the ”house of quality” which acquires its name from the re-

semblance of a house. The sections of the house of quality include demanded quality, quality characteristics,

relation matrix between demanded quality and quality characteristics, difficulty to complete quality charac-

teristics, interaction between quality characteristics, weight importance, and competitive analysis. The first

step to completing the QFD is listing the desires of the customer associated with the weight of importance

for each under demanded quality. The following step is to decide on the characteristics the product will

encompass and how difficult it is to achieve. After both lists are filled out, each quality characteristics will

be defined by how they correlate to each demanded quality. Once this is done the weight of importance for

each quality characteristic can be calculated by the weight of the demand and how strong it correlates to it.

Evaluating the interaction of each quality in the top of the ”house of quality” is the next step in order to

see how each will affect one another. The final step of the QFD is to compare each product idea in order to

analyze which will be the best product. The entire QFD can be observed in Figure 19 below.

Figure 19: QFD
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8.1 Demanded Quality

The desires of the customer are translated into a list under the demanded quality. This is an important

part of the process because the needs of the customer have to be accomplished. This is located on the left

side of the QFD and known as the ”What’s.” In this section each quality is given a rating for importance to

correctly evaluate the quality characteristics. The ratings given are between one and ten with ten being the

greatest importance. From these ratings, the relative rates are calculated to demonstrate the importance

of the quality in retrospect to others. The list of demanded qualities and their importance can be seen in

Figure 20.

Figure 20: Demanded Quality

The first quality desired from LANL was safety and ergonomics. This was given an importance rating of

nine since the physical safety of their workers is very imperative for this company. This can be achieved by

limiting the necessity for the workers to do any of the following: lift heavy objects, over extend their arms

in the glovebox, or using second level of gloves which requires a ladder.

The next request was similar to the first but strictly deals with the radioactivity. As low as reasonably

acceptable (ALARA) describes the need to minimize the exposure to radioactive material. The importance

rating for this quality was a nine in order to demonstrate the significance of it and again the safety of the

workers. This is already incorporated to their system with the glovebox and 55 gallon steel drum.

The highest rating (out of ten) was given to the desire of having the product be in the glovebox line. This

is a major problem for LANL and essentially the reason for requiring a new product. There are currently

no NDA devices that can fit some of the bulky materials in the glovebox.

For the majority of the time, a customer wants a low cost of the product. This was given a low rating

of three, however, seeing it is not a major issue. The amount the company will save with this product will

pay for itself in no time.

Los Alamos has the desire for the product to have a quantitative count in order to give a numerical

reading of the radioactivity. This was not a major importance, receiving a rating of three, since there are

devices that assay whether the waste is under the radioactive limit without a quantitative count. These

systems are known as go/no-go systems which will be mentioned in the quality characteristics.

The next request from LANL for the product was to be a neutron coincidence counting device. This
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measurement technique is a commonly used type of NDA. The initial request was for the product to be a

NDA but later narrowed down to being a neutron coincidence counting device. Since it is important for the

device to be NDA the importance rating for neutron coincidence counting is given nine.

The time of assay received a rating of three for importance for this LANL product. The request is on

the list since the company does not want the product to take hours to assay but it is not an issue if the

assay takes a reasonable amount of time. The first point of the product is to solve this major problem for

the company.

The following need for the product was that it must have an acceptable efficiency. This is similar to the

time of assay with the efficiency as not being a major issue if it is low, but the higher the efficiency the

better. This resulted in the quality receiving an importance rating of six.

The product being interchangeable was a desire asked for by LANL. The system being interchangeable

allows for the measurement of different radioactive materials. This would allow for versatility in the product

which is the reason the quality was given an eight for importance rating.

The need for the product to be universal was a major demand. This was expressed as important in order

to have the system incorporated by other gloveboxes or even other companies. The rating of importance for

this was an eight since the product does not need to be unique to just one area.

8.2 Quality Characteristics and difficulty

Quality characteristics is the next piece of the QFD located under the roof and known as the ”How’s.” This

is the fundamental requirements of the product necessary to meet the demands of the customer. The list

of Quality Characteristics and how it appears in the QFD is shown in Figure 21. These requirements are

each evaluated to comprehend how they correlate with each of the customer requirements. The direction

of improvement is located above the quality characteristics in Figure 21 to demonstrate the objective. This

is shown with symbols that are to maximize minimize or hit the target of the quality characteristic. The

difficulty to accomplish the characteristic is ranked from zero to ten with zero being easy to accomplish and

ten being extremely difficult which can be seen in Figure 24.

Figure 21: Quality Characteristics
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The first two fundamental requirements are active assay and passive assay. These are both types of

neutron coincidence counting that allow for measurement of different radioactive waste. The active assay

can be set up similar to the passive with a quick change of one of the pieces. These systems can both be

incorporated in the glovebox line which a major demand quality. The efficiency and relatively low cost of

these type of assays make these important requirements.

The next characteristic is for the product to have a compact size. The system should be able to fit within

the constraints of the glovebox or underneath the glovebox. This requires the size to be smaller than 160”

long, 60” wide and 100” tall or under 39” tall for underneath the glovebox. This seems very large but relative

to current NDA devices this requires a compact size.

The following two requirements are NDA2000 and JSR14 software and quantitative count. This is

software that allows for the collection of neutron coincidence data. This enables the universal use of the

device and the ability to receive a quantitative count. The quantitative count correlates with the neutron

counting and efficiency of the device.

Waste movement is a fundamental feature to helping workers move waste through the glovebox more

efficiency. Currently, workers push and pull waste through the glovebox and also use pushing sticks to

extend farther in the glovebox. The waste movement has a strong correlation safety/ergonomics and in-line

process.

Standard operating procedure (SOP) and User-friendly features are other characteristics. Both of these

characteristics allow for safety, ALARA and universal use. This is due to the fact the SOP will give instruc-

tions how to use the system correctly and the user-friendly will make it easy for the workers to operate.

The next fundamental requirement of the system is that it be interchangeable. This is an important

feature in order to assay different radioactive materials. The system being interchangeable enables the

system to be universal because it broadens the waste that can be measured.

The following two features are automated system and hinge/pin-roller. These fundamental requirements

provide safety to the workers by lessen the necessary work and simplifying the process. These both allow

the system to be utilized universally with the simplification.

The next quality characteristic is the radiation isolator. This is a required feature due to the fact that it

will correspond with ALARA. The need to accomplish ALARA can driving factor in some features.

The go/no-go assay system is a type of measurement system for assays. This type of system is used for

neutron counting already and can be implemented in-line. The go/no-go system would decrease time of the

assay.

The necessity for the product to be easily assembled is a quality characteristic. This will provide less

headaches over the product if it is easily assembled. This characteristic strongly correlates with safety and

universal use.

The assay of a loaded drum is the final fundamental requirement. This allows the drum to be filled with

the waste and the measurement to be read before the drum is removed the glovebox. This requirement is

important because the steel drum completes ALARA requirements, it will continue to be an in-line process

and the since the process will remain similar the safety of the workers will be accomplished.

8.3 Relationship Matrix and Weight Importance

The relationship matrix is the correlation between the demanded quality and the quality characteristics also

known as the ”what’s versus how’s.” This is meant to demonstrate how each quality characteristic corresponds

to each demanded quality. The way that the connections are displayed is by a variety of symbols in the main
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part of the QFD. There are four type of interactions: the first is a strong correlation which is a numerical

value of nine, the second is a moderate correlation which is a numerical value of three, the third is a weak

correlation with a numerical value of one, and the last is no correlation with a numerical value of zero.

The symbols can be viewed in Figure 22 The connection between the demanded quality and the quality

characteristics can be seen in Figure 23 and are also discussed in Section 8.2 Quality Characteristics and

Difficulty.

Figure 22: QFD Key
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Figure 23: Relationship Matrix

The significance of each quality characteristic on the system is analyzed by the weight importance cal-

culations. The Weight Importance is calculated for each quality characteristics by multiplying the weight of

the demanded quality by the strength of correlation to that demanded quality. The total importance of each

quality characteristic is the addition of all the demanded qualities for that quality characteristic. After the

total importance is calculated for each quality characteristic, the relative importance is recorded for each

with the division of the total importance for one quality over the summation of the total importance for

all the qualities. The top three important quality characteristics for the QFD are passive assay (10%), user

friendly (8.6%), and assay of loaded drum (8.5%). After the top three the remainder are listed in descending

order: automated system (7.6%), SOP (7.5%), active assay (7.4%), JSR14 and NDA 2000 software (7.4%),

hinge (7.3%), easily assembled (7.2%), waste movement (7.1%), go/no-go system (6.2%), interchangeable

(6.1%), radiation isolator (3.9%), compact size (3.6%) and quantitative count (1.9%). These numbers can

be viewed in Figure 24 lining up with the associated Quality Characteristic displayed in Figure 21 or Figure

23.

Figure 24: Relative Importance of each Quality Characteristic

8.4 Interaction Between Quality Characteristics

The interaction between quality characteristics demonstrates how each quality relates to the others. This is

located at the top of the QFD. The correlation between each quality is displayed by symbols which mean

strong positive correlation, positive correlation, negative correlation and strong negative correlation. These

symbols are acknowledged in Figure 22. If there is no correlation between the qualities the spot is let blank.

Active neutron counter has a negative correlation with passive neutron counter. This is essential because

these are two different ways of assaying radioactive waste. However, these neutron counters have a strong
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correlation with interchangeable because the active neutron counter can easily be switched to passive neu-

tron counter and vice-versa. There strong positive correlation for both active neutron counter and passive

neutron counter with the JSR14 and NDA 2000 software since the software can be utilized for both types of

assay. Both neutron counters have a strong positive interaction with quantitative since the software allows

quantitative count. The passive neutron counter has a strong positive correlation with go/no-go system

because the devices are known to achieve it.

The compact size has negative correlations with automated system and hinge. Automating the system

will increase the size of the product slightly with more circuits or devices as well as the hinge since it will

open taking up more space. The quality of compact size has strong correlation with both active neutron

counting and passive neutron counting because there are current devices that have a small footprint.

NDA 2000 and JSR 14 software has a positive correlation with quantitative count since the software

calculates it while running. User-friendly is a positive correlation with the software also since it is a simple

interface.

Waste movement has a strong positive correlation with having a hinge. The reason for this is being

able to open and close the device allows for easy access to the waste. Waste movement also has a positive

correlation with assaying a loaded drum because the drum can be placed on a wheeling cart in order to move

easily.

User-friendly has strong positive correlations with SOP and easily assembled while a positive correlation

with the system having a hinge. The SOP will provide instructions to help the user easily achieve the job

at hand. The device being easily assembled and having a hinge will limit problems the workers may come

across.

Radiation isolator, user-friendly, and requiring a hinge are all positive correlations to assay of a loaded

drum. The radiation isolator is a positive correlation because the current process is loading the drums which

would be changed if there was too much radiation exposure. This is user-friendly since it would be keeping

the majority of their process constant. The hinge is a positive correlation since it allows the drum to be

completely surrounded for the assay while being easily removable.

8.5 Competitive Analysis and Trade-off Analysis

The competitive analysis is completed to evaluate how the current LANL devices compare to their competi-

tions. On the right side of the QFD, the competitor’s devices are analyzed using the demanded qualities by

the customer. Los Alamos, however, is a member of the IAEA which work together to solve nuclear waste

problems such as this. The design necessary to solve the problem is a unique system which has no current

competition. There are actively no devices in use that are able to solve the current problem for LANL.

The trade-off analysis evaluates the design ideas in comparison to each other. The ideas being compared

are the shielded waste assay system, passive neutron slab counter, passive neutron curved slab counter, and

JCC neutron coincidence collar. The way the trade off analysis is presented in the QFD can be viewed in

Figure 25 as well as the trade-off analysis graph.

The shielded waste assay was considered for its time of assay quantitative count and ALARA considera-

tions. This device had the best time of assay by far at 30 seconds. The product was also best at quantitative

count and ALARA given there is a protection of radioactive shielding. The device was, however, too difficult

to incorporate in the glovebox line and could only do the one type of assay.

The passive neutron slab was evaluated to have barely any advantages over the other devices. The only

advantage the passive neutron slab had is the cost of the device which was low importance in the demanded
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Figure 25: Trade-off Analysis

quality. The device was the lowest in universal, efficiency and ALARA considerations.

The passive neutron curved slab was eliminated after careful analyzation. The device has the highest

efficiency of those evaluated. The device would also work the second best in the glovebox line, have the

second lowest cost, be interchangeable and universal. This was, however, eliminated because there was a

better device to fit the criteria.

The JCC neutron coincidence collar ranked the best in the trade-off analysis. The device fits will in

the glovebox line and attributes to safety and ergonomics. This is the best device to make universal and

interchangeable because it incorporates both active and passive assay. The only flaw in the device is it will

have a decent cost to it but will meet all other expectations.
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9 Design for X

9.1 Design for Safety

The most important aspect to consider when disposing of nuclear waste is safety. This includes the safety

of the workers handing the radioactive materials and the safety of the environment where the waste will

be stored. When the LLW is loaded into the drums, the total level of radiation is not to exceed 100nCi/g.

When this level is exceeded, the LANL workers must transport the barrels to another site in order to split

the waste into multiple barrels to meet the regulation. This process exposes the workers to higher levels of

radiation, and is a concern when trying to keep radiation levels ALARA. The new design being created is

aimed to eliminate this process and lower the overall radiation exposure to the LANL workers.

When creating the mechanical system, several safety concerns were considered. These include the stability

and reliability of the device, along with the cleaning process. To make sure the Pu Assessment system will

not fall apart and possible cause injury, a stress analysis was completed (Section 12: Engineering Analysis).

This ensures the quality of the product. Equipment that deals with radioactive waste must stay relatively

free of radiation. In order to comply with this, disposable plastic sleeves will be added to all ’beam’ like

structures. To aid in physical cleaning, the structure will be smooth and will contain the least amount of

grooves and edges as possible.

9.2 Design for Ergonomics

The design for an in-line system was heavily stressed in the problem statement. The system designed by

Team 8 was not to interfere with the process already instated by LANL. The process created involves using

already incorporated techniques and only adds the time it takes to assay the waste. The waste is already

being disposed of into the 55-gallon drums in a similar manner and adding on the assay will keep the

procedure very time-efficient.

The biggest issue ergonomically will be placing the 55-gallon drums into assay. This will require the

drum be attached to a dolly, however, this is already installed in the LANL facility.

Along with the Canberra JCC 71,72, and 73 meeting all of the requirements for the assay, another reason

it was chosen is due to its user friendly interface and software. The assay uses the JSR 14 shift-register

paired with NDA 2000 software. According to Canberra, this is the best and easiest product combination

they offer.

9.3 Design for Performance

This project needed an interchangeable passive and active assay capable of measuring gamma and neutron

radiation. This also had to be a coincidence counter capable of taking quantitative measurements. All of

these issues have been solved by incorporating the Canberra JCC 71, 72, and 73 into the LANL low-level

waste disposal process. This system is designed to measure objects as small as radioactive items and as large

as a 55-gallon drum. The process defined by Team 8 involves measuring the barrel last, and testing to see

if the radiation levels are too high.

There were three Canberra models selected due to their different qualities. The JCC 71 is a passive

measuring system, which meets the first requirement. The JCC 72 and 73 models are active assays, both

with different efficiencies that will be specific by the user. These three different assays are what make this
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system adaptable to the user’s preference. All three systems meet LANL’s requirements of an efficiency

greater than 5% (Refer to Section 10.1).

The six slabs that will be incorporated into the design only cover one-third of the height of the 55-gallon

barrel. The first measurement taken will only cover the bottom third. The motor selected will then carry

the frame up to the middle and top levels. This allows the total radiation level to be compiled and a reading

to be prompted to the user.

9.4 Design for Cost

The main concern of this project is to minimize costs. Whenever he LANL workers have to re-organize

the LLW it costs the company upwards of $150,000. This occurs an average of five times a year, and totals

$750,000. The solution proposed by Team 8 will cost around $175,000, which will pay off almost immediately.

This cost is mostly spent on the assays, which is further analyzed in the Financial Analysis section (Section

3).This funding will be received pending approval from LANL. The design will then be passed on to the

DOE, who would ultimately be providing the funds.

9.5 Design for Manufacturability

Part of the problem statement was to make a system capable of passive and active assay for anyone that

requires it. This means that this system could potentially be used by anyone all over the world. This

requires that the construction of the mechanical mechanism needs to be easily repeatable and allow for

interchangeable parts.

To combat this, the frame was designed based using common materials (6061 Al and basic hinges/bolts)

and an assay that is readily available through Canberra. The aluminum frame is to be welded together,

which does require special equipment as it is not the same system as one would use for steel, but this system

is still readily available for purchase and the method between the two is the same. All parts can be purchased

through the vendors mentioned previously, and they assembly and user process will be thoroughly described

in the final SOP.
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10 Project Specific Details and Analysis

The Project Specific Details and Analysis is information that applies directly to the design. This is divided

into two sections: the nuclear device chosen to build the design around and the motor to drive the linear

motion system. These define and constrain the system requirements and affect how it is designed and

fabricated.

10.1 JCC 71, 72 and 73

The NDA product chosen to help solve the problem has a significance impact on the mechanical system that

will be implemented. This product is selected based on the criteria seen in section 6 Specifications Definition.

This product exceeds the specifications set and is able to be implemented into a mechanical system. The NDA

is actually three similar Canberra products called JCC 71, 72, and 73. LANL already employs these items to

do certain assays. The data sheets for this product and it’s accessories can be found in Appendices D. The

JCC 71, 72 and 73 is a passive and active neutron coincidence collar. This accomplishes the first two design

requirements with being a neutron coincidence counter and having the capability of doing both passive and

active assaying. Passive assay is a way of measuring radioactive material by recording spontaneous fissions.

Plutonium is the most common atom to be passively assayed. Active assay uses a neutron source such as

Americium Lithium (AmLi) to induce fission in the radioactive material. This type of assay is common in

measuring Uranium-235. In order to incorporate both types of assay, the JCC 71, 72 and 73 operates with

He3 tubes to measure radioactivity. The current device uses four slabs made of aluminum cladding that

contain six He-3 tubes each surrounding the radioactive material for the passive assay. The dimensions of the

slabs are 3.55 inches wide, 9.20 inches long and 20.3 inches tall with a weight of 21 pounds or 9.5 kilograms

each. The plan is to incorporate six slabs in the design which would equal approximately 126 pounds total

in weight of the neutron device. The assay can be can be transformed from passive to active by exchanging

a He3 slab for an active source such as AmLi integrated in these devices. The AmLi source is surrounded

by a high density polyethylene.

The efficiency of the neutron coincidence counters is an essential to the product. The amount of neutrons

the device detects for the number of neutrons emitted from the radioactivity material is essentially the effi-

ciency of the machine. This is demonstrated from a simple nuclear engineering calculation. The probability

of neutrons detected is calculated from the following equation:

P =
n!

(n− k)! ∗ k!
∗ εk ∗ (1 − ε)k (1)

Where k is the neutrons detected from the amount of neutrons emitted, n, using the efficiency of the

machines, ε. The equation is plotted for the percentage of neutrons detected from 0 to 100 for the efficiency

of each machine. The number of neutrons used in the calculation is found from the maximum activity of 100

nCi/g that the drum may contain. This is converted to 3700 decays per second per gram from a conversion

factor then assumed there exists one gram of radioactivity for each plot. Even though the odds of detecting

a neutron are low, this is for only one second and the probability will increase by a multiplication factor of

the number of seconds. These plots demonstrate that the highest odds of detecting a neutron is a bell-curve

around where the percentage of neutrons detected is equal to the efficiency of the machine.

When talking to Canberra, it was acknowledged that the efficiency of the device is directly proportional

to the amount of He3 tubes. The efficiency is also dependent on how close the slabs are positioned to each
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Figure 26: The Passive Efficiency of JCC 71

Figure 27: The Active Efficiency of JCC 72

Figure 28: The Active Efficiency of JCC 73

other even they have the ability to be spread out in order to surround the nuclear material. The JCC 71

has a passive efficiency of 11.5%, the JCC 72 has an active efficiency of 13.5% and the JCC-73 has an active

efficiency of 12.5%. These are the current theoretical efficiencies of the product, however the real efficiency

is unknown for how the devices with be placed in the mechanical device. The efficiency will increase due to

adding two more slabs but will decrease from the space between the slabs.
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The JCC 71, 72, and 73 utilizes a computer software called JSR-14 and NDA 2000 that simplify the device.

The JSR-14 is a Canberra product known as a neutron analysis shift register based. The device combines

traditional coincidence counting with multiplicity coincidence capabilities. The fully computer controlled

product has an easy to learn supplied control software for setup and acquisition. This product has three

different high voltage modes for portable and facility installed neutron counting applications with a battery

backed storage of system setting and 3000 data runs. The NDA 2000 is another Canberra product called Non-

Destructive Assay software. Neutron counters and gamma-ray systems can both operate with this software

which is supportive of all of Canberra safeguards. The product provides full control of data acquisition

and controls automated assay system operations. This system is user-friendly with its menu structure and

editable report format. The passive assay and active assay both use the MGA/MGAU Isotopics Analysis.

10.2 Actuator

For the linear motion device, the actuator that fits for the major requirements of the design was the DMA-

12-40-B-610-POT-IP65. This would allow for the full range of motion for the device with 24” stroke. The

large gear reduction in the design does slow the velocity of the lifting slightly but this consideration falls

low on the list of major considerations and will not affect the total assay time enough for reconsidering the

motor. The total thrust the device can output is 1563 lbs with a far higher static holding force. This gives

the actuator more than enough force to lift the collar. This actuator comes with a potentiometer that allows

the control of the positioning within a margin of less than a tenth of an inch. The life of the motor is a total

of around 3300 process cycles. The full data sheet on the actuator is located in Appendix G. With these

parameters met to a great satisfaction, it was determined that this product would fit well into the system.
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11 Detailed Product Design

The detail product design is where the conceptual design is refined to include plans, specifications and

estimates. This phase contains bill of materials and three dimensional drawings for the product. The final

design concept was decided upon with careful consideration of the problem using design specifications and

quality function deployment. The design specification set limits and goals for the product to reach while

the QFD encompasses comparison analysis between the conceptual designs and the needs of the customer in

relationship to the requirements of the product. The design consists of a mechanical system to assay nuclear

waste in the glovebox line with the implementation of already existing NDA devices.

11.1 Full Scale Design

The full scale design is the system that will be applied to the glovebox system upon approval. This section

discusses the materials, building process and three-dimensional drawings for the final product. The bill of

materials displays the raw materials and amount necessary to complete the design while the Sub-Assembly

section considers the manufacturing of the product. The drawings provide dimensions and a clear picture if

the building of the product moves forward. However, the full scale design was unable to be completed this

semester. The half scale prototype built this semester is explained in section 11.2.

11.1.1 Bill of Materials

The bill of materials is a list of raw materials, parts, quantities and sub-assemblies needed to manufacture

the final system. It is necessary to plan how much raw material will be required to produce the design to

avoid over or under ordering. Materials are properly considered to evaluate whether they can be applied to

the final design. The raw material list is seen in table 8.
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Table 8: Bill of Materials for Full Scale Model

QTY Raw Material Dimension Supplier Part # Assembly #

4 6061 Aluminum Angle Stock
8’ L by 2” W
by 0.125” T

McMaster-Carr 8982K14 1,3

1 6061 Aluminum Angle Stock
4’ L by 2” W
by 0.25” T

McMaster-Carr 8982K36 2

2
Mortise-Mount hinge w/
bearing & removable pin

4” leaf height
4” W

McMaster-Carr 1502A52 5

100
12-24 Stainless Steel Philips

Flat Head Screws
5/8” L

12-24 thread
McMaster-Carr 91771A293 5

100
Low-Strength Steel

Thin Nylon-Insert Locknuts
12-24 thread McMaster-Carr 90633A011 5

8
Multipurpose 6061 Aluminum

Bar Stock
24” L by 2” W

by 0.25” T
McMaster-Carr 9015T131 4

2 Grab-Latch
1 7/8” W by

5/8” L
McMaster-Carr 1659A7 5

2 Base Shaft Alloy Steel 1.5” Lee Linear Custom 6

4 Open Pillow Block
Ball Bearing
Single Roller

Lee Linear SPB240PB 6

1 Carriage Plate 13”L by 13”W Lee Linear T150 6

1 Ball Screw
1” OD by 1” pitch

by 24” L
McMaster-Carr 5966K31 6

4 Support Block 1.5” OD Lee Linear SB24 6

1 DMA Linear Actuator
24.02” range

787 lbs thrust
Transmotec 11014138 6

The first two materials on the list are different thicknesses of 6061 aluminum angle stock. The material

of the angle stock is very important because of the desire for the material to have a relatively high yield

strength without having an excessive weight. Stainless steel and zinc alloy could not be considered due to

the negative influence it can have on the efficiency of the neutron coincidence counter. Aluminum has a

relatively high ultimate tensile strength and yield strength especially for its low density. The machinability

and weldability of aluminum is included in the decision to incorporate it in the design.

The angle stock provides an important feature to the design. The ability to create a custom dimensioned

U-channel by machining the angle brackets parallel to each other is important. The inside of the channel

needs to be a proper size to correctly fit the nuclear devices. One angle bracket can be ground down to

within the tolerances that would properly constrain the neutron coincidence counters. The angle brackets

can then be bead welded along the groove to ensure the strength of the system.

The sizes of the angle stock are 2 inches by 2 inches wide and 8 feet long for the thickness of both

1/8 inch and 1/4 inch. Since the majority of the product will be built with 1/8 inch thick angle stock, it

was calculated to need four of these pieces. The estimated amount material for the product is from the

dimensions of the final drawings on SolidWorks. Essentially the entire structure will be made with the 1/8

thick aluminum angle stock in order to minimize the weight and cost of the structure. The 1/4 inch angle

stock is larger in thickness to support the structure on the free ends on the side with the hinges.

There will be two Mortise Mount hinges with bearings and removable pins applied to attach the two

halves. Each hinge has a load capacity of 125 pounds. The dull-chrome plated steel hinges have a leaf height

of 4 inches, a width of 4 inches and eight holes for number twelve screws. The screws were then chosen to

be number 12-24 stainless steel Philips flat head screws to work with the hinges. These machined screws are
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5/8 inches long with a yield strength of 80 ksi and will be applied to other areas of the design because of

their versatility. The nuts that correspond with these 24 threads per inch screws are low-strength steel thin

nylon-insert locknuts.

The 6061 aluminum bar stock is 2 inches wide and 0.25 inches long for support of the system. The first

four bars will be for the inside prop of the top bracket to prevent bending. The bars should have thickness

to prevent bending and a height of 20.3 inches to allow the nuclear devices clearance. The next four bars

will be welded to the back face of the fixed half of the hexagon. These will be from the bottom to the top

of the system with a height of 20.6 inches to allow for an area for attachment of a linear motion device.

The final material necessary to building the hexagon slab holder is two grab latches. These will help

secure the system on the mirror side of the hinges. The grab latches will attach to both halves of the hexagon

to prevent it from swinging open. This will allow for a safe system while the drum is being assayed.

A pivotal piece to the end product is the ability to measure the entirety of the drum’s height. In order

to enable this the hexagon slab holder will need to be attached to a linear motion system. These next six

parts are essential for the vertical movement of the device. The first raw material needed is two custom

height alloy steel base shafts. These 39 inch shafts will allow for the system to be secure at different levels

while taking measurements. The shafts will be the support for the linear motion system. The four support

blocks will secure these shafts to the ground and to the glovebox. These support blocks will fix the shaft in

a vertical position to prevent movement.

The next three materials are essential to the movement along the shaft. The pillow blocks are sliding

along the shaft driven by the ball screw. Each shaft will have two pillow blocks to lift the entire weight of

the structure. These pillow blocks are associated with a carriage plates to attach to the hexagon slab holder.

The 13 by 13 inch carriage plate is chosen to best fit the size of the system. The ball screw will attach to

the carriage plate in order to lift the system. The ball screw is the driving mechanism in the linear motion.

The linear actuator is the motor putting work on the system. This was difficult to find a linear actuator

with enough torque to lift the device. The torque required was about 2500 pounds inches. The motor has a

thrust of 787 pounds which is enough to drive the system with a factor of safety. The machine selected is

described in section 10.2.

11.1.2 Sub-Assembly

The product being built is complex and difficult to combine without sub-assemblies. These sub-assemblies

will be manufactured and accumulated to create the final product. For simplicity reasons, the parts were

broken down as to how they will apply to the building of the product seen in Table 9 and Figure 29.
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Table 9: Sub-Assembly List

Assembly # Sub-Assembly QTY Part # involved Description

1 Bottom U-Channel 2 8982K14
Cross Section
of Hexagon

2 Inside Support Bars 4 9015T191
3 Top Bracket 2 8982K14
4 Hinge Support 2 8982K36

5 Drive System Support 4 9015T131
Area to attach vertical

drive system

6 Hinge 2

1502A52
91771A293
90633A011

1659A7

Connection of two halves
of Hexagon

7 Vertical Drive System 1

Custom
SPB24PB
59666K31

SB24
11014138

Allows for vertical
movement of the system

Figure 29: Sub-Assembly List

The first piece assembled is the bottom U-channel made from 1/8 inch aluminum angle stock. This

section will be half of the complete hexagon built by welding three pieces together. Each individual piece

is already bead welded to create a U-channel the width of 3.60 inches and cut to the correct length for the

inside and outside diameter. These dimensions are displayed in the drawings in section 11.3 Two 1/8 inch

stock will be welded to each prior to the sub-assembly in order to generate a 9.25 inch long pocket for the

neutron coincidence counters. There will be two of these bottom U-channels manufactured to create the
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final product.

Once both of the bottom halves of the hexagon are built, it becomes time to begin construction up. The

first step is by welding 20.35 inch aluminum bars to the inside vertexes of each U-channel. The top bracket

will be welded together using the dimensions seen in section 11.3 and then welded to the support bars to

connect the top and the bottom. The final step to creating both halves of the hexagon is to weld the angle

stock support bar to the adjacent free ends that will be connected by the hinge.

The drive system support is welded to the cross section that will ultimately be fixed. This support is

two pairs of bars, where the paired bars are adjacent, with the necessary distance for the carriage plate and

evenly spread out from the edge.These welded bars allow for area to interrogate a linear motion system.

The hexagon design is assembled by using the two hinges, Philips flat head screws, and locknuts. There

will be one hinge coincident with the bottom of the system and the other hinge coincident with the top.

There will be 0.23 inch holes drilled through each half where the screws will be inserted. There will be a

total of 16 flat head screws and 16 locknuts to attach both halves of the mechanical design.

The next sub-assembly is the linear motion system. The two shafts will be applied to the glovebox using

the support blocks. The support blocks will fasten to both the ground and the glovebox to stabilize the

shafts. The pillow blocks are concentric to the shafts to be able to slide along them. The shafts will have

two pillow blocks each that hold a 13 by 13 carriage pillow. This carriage pillow will be screwed into the

hexagon slab counter to enable the vertical movement of the system. The carriage pillow will also have the

ball screw through it to drive the entire system. The linear actuator will be connected to the ball screw to

motorize the system. Linear movement in the system will be guided by the ball screw which is powered by

the linear actuator.

11.1.3 Three-Dimensional Drawings

The product being built needs to be applicable to the glovebox line at LANL. This means the glovebox

dimensions have a great constraint on what can be applied to solve this problem. As mentioned before, the

dimensions of the glovebox are 160 inches long by 60 inches wide by 100 inches tall with a clearance of 39

inches underneath. These are all rough approximations considering the exact dimensions are classified. In

order to better picture this, there is a three view drawing of the glovebox below with tolerances of 1 inch

since the dimensions are only estimates (Figure 30).
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Figure 30: Dimensions of the LANL Glovebox

The devices decided upon for the radioactive waste assay has a substantial impact on the mechanical

system. The products are Canberra neutron coincidence counter chosen to accomplish the essentials of LANL

described in-depth in Section 10. As described before, these products, the JCC 71, 72 and 73, are 9.20 inches

long, 3.55 inches wide and 20.3 inches tall. The design incorporates six of these devices to counteract the

efficiency lost by the spacing of the device. The mechanical design is a hexagon shape to enable a neutron

coincidence counter or source to fit on each side while still being able to surround the drum. The bottom of

the system has an area representing a pocket for each device to securely fit. These pockets are 9.25 inches

long and 3.60 inches wide with a height of approximately 2 inches to enclose the product. The inside of the

hexagon has a diameter of at least 24 inches to install around a standard 55 gallon drum. A 3-D drawing of

the dimensions and tolerances of the bottom of the structure is shown in the Figure 31.

The hexagon design is split in half perpendicular to two of the vertexes. The reason for splitting the

device is to allow it to be opened and closed. Applying hinges to the top and bottom is the most efficient

way to consistently open and close the system. The bottom of the product supports a top hexagon bracket

that is 20.35 inches above. There are four 0.25 inch thick and 2 inch long supports offset from mirroring

corners to help hold the top. The top is well supported with 2 inch long and 0.25 inch wide angle brackets

from top to bottom on the ends of each half with the hinges. These angle brackets allow for more surface

area to bolt the hinge. The cross section of the hexagon or half of the hexagon assembly can be seen in

drawings in the Appendices.

This top bracket is set to be the same outside diameter of the bottom hexagon with a 2 inch overhung

inwards. The function of the top bracket it to better secure the nuclear products from tipping over when

the system is opened. The system is only 20.60 inches tall which is the reason for a vertical movement

requirement. SolidWorks Drawings are provided in the figures below for a visual understanding of the design

(Figures 32, 33, and 34).

Team 8 Page 60



Plutonium Assessment —

Figure 31: Dimensions of the Bottom of the System

Figure 32: Front View of the Hexagon Slab Holder
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Figure 33: Top View of the Hexagon Slab Holder

Figure 34: Isometric View of the Hexagon Slab Holder
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11.2 Half Scale Prototype

The half scale prototype was developed this semester to evaluate the legitimacy of the design. The prototype,

however, incorporated many different materials than the full scale model. The design altered slightly with

dimensions but for the most part was a half scale representation. These changes required a new bill of

materials and more three-dimensional drawings for the scaled down model. The building of the design is

discussed in Section 14.

11.2.1 Bill of Materials

The raw materials that contributed to the manufacturing of the prototype were chosen due to the lower

cost and easier manufacturability with the current resources. The main distributors for the materials were

Arnold Lumber, Amazon, and McCaster-Carr. The bill of materials for the half scale design can be seen in

Table 10. Even though these supplies were utilized to build the prototype, it is still expected the full scale

design to be constructed with the materials in Table 8.

Table 10: Bill of Material for Prototype

QTY Name Dimension Source Part #
1 Plywood 4’x8’-1/4” Arnold Lumber N/A
2 Wood Screws 3/8” McMaster-Carr 90031A108
1 Wood Glue Quart Amazon 6205001
1 Hinge 1/2 Arnold Lumber 5031176
1 Television Lift N/A Amazon B01K1SG220
6 SS Cap Screw 5/16x1 Arnold Lumber C84139
6 SS Flat Washer 3/8 Arnold Lumber C84121
6 SS Hex Nut 5/16-18 Arnold Lumber C84115
6 Cap Screw 1/4x1-1/2 Arnold Lumber C80189
6 Cap Screw 1/4x1 Arnold Lumber C80185
1 XL-FX PHIL WS 12x1 Arnold Lumber C40850
1 Spruce Lumber 2”x4”-12’ Arnold Lumber 2412KDS
1 Putty Knife 1-1/2” Arnold Lumber 443600
1 Spackle Quart Arnold Lumber 7172
2 Gray Spray Paint Can Arnold Lumber 441622
1 Aluminum Sliders 4 pack Amazon xudhc8264
2 Aluminum Rods 30” Amazon BC20762-2
2 Linear Rail Support 2 pack Amazon a15120700ux0413

The structure was built using inch plywood. The amount of plywood bought was a four foot by eight

foot sheet which provided some excess after completion. The wood for the whole structure was significantly

cheaper than the aluminum for the full scale structure. The wood was able to be dimensioned and cut using

the band saw and table saw. Easy construction and assembly was another upside of using plywood.

The structure was connected with the help of wood glue and 3/8 inches long wood screws. The wood is

first assembled into the appropriate connections with the wood glue before eventually screwing the pieces

together for an added security. Neither the quart of wood glue nor the hundred wood screws were fully used

in the half scale prototype.

The hinge packet from Arnold Lumber came with two inch hinges with appropriate screws. The hinges

were used on one side of the structure to attach the two halves. This enables the device to open and close

with ease.
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The lifting mechanism of the half scale prototype was a repurposed television lift from Amazon. The

mechanical lift system in the full scale model was not necessary for the half scale model since the weight

and moment of the system both significantly decreased. This was because of the half scale as well as the

significantly lower density of plywood compared to aluminum. The television lift has a load capacity of 135

pounds which provides a factor of safety of over 2 for the designed weight. The device also has a built in

control system to lift the structure to the maximum height in under ten seconds.

Bolts, nuts and washers were needed in order to connect the structure to lift. Six SS Cap Screws, six SS

Hex nuts, and six flat washers were bought from Arnold Lumber for this purpose, however, only four of each

were needed in the connection. The structure was mounted to the frame of the lift by adding two bars the

height of the structure to allow for proper assembly.

The next set of screws attached the television lift to a wood base. This purpose is to stabilize the lift on

a stand with a bigger surface area. The bigger surface area on the ground would limit the possibility of the

whole system tipping over.

The spruce lumber and package of Philips head screws were used to better our design. The half scale

structure is already being held in the air when connected to the television lift. The full scale mechanical lift

system raises the structure from the bottom of the floor to the bottom of the glovebox. The spruce lumber

along with extra plywood and the wood screws created a mock floor and bottom of the glovebox for the

structure. This gave an appeal that the scaled down system was operating as designed for the full scale

system.

The putty knife, spackle, and spray paint aesthetically improved the wood structure. The manufacturing

using wood proved to be challenging for cutting appropriate angles. The spackle was spread using the putty

knife in order to help cover any errors in the building process. The spray paint gave the structure a uniform

gray color to project as the designed material of aluminum.

The last items on the bill of materials are the two 30 aluminum rods, four sliders and four rail shaft

support systems. These are linked to the structure on the side fixed to the lift to add support to the

mechanical lift. The sliders are attached to a wood bar that ranges the full height of the structure on either

side. The sliding system is installed from the mock floor to the bottom of the mock glovebox. The rod is

kept in place by the rail shaft support systems. This system counteracts the moment on the structure due

to the weight of the nuclear devices and gravity.

11.2.2 Three-Dimensional Drawings

Three-dimensional drawings are necessary for the easy dimensioning in the building of the prototype. The

design is the same layout as the full scale model set. Almost all the dimensions are half of the original design.

The major difference is the full scale model has a thickness of 1/8” while the half scale has a thickness of

double that at 1/4”. The design has a different layout with two extra bars on one half to allow for the slider

system to be connected.

The isometric view of the design best demonstrates the structure. This can be seen in figure 35.
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Figure 35: Isometric view of the half scale prototype

The bottom of the the structure gives a clear picture of the slots designed for the nuclear system. The

dimensions of the bottom are shown in Figure 36.
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Figure 36: Bottom of the half scale prototype

The top and back view of the structure were dimensioned as well. These can be seen in appendices 23.3.

The top view is figure 62 while the back view is figure 63.
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12 Engineering Analysis

The engineering analysis completed in tis section is for the full scale model. The system designed is a hexagon

that is symmetric along it’s center in two directions. The hexagon is symmetric along it’s width, the z-plane,

and along it’s length, the x-plane, as shown in Figure 37 with it’s datum. The system will be driven by a

ball screw and linear actuator on the back on the hexagon. Since the system is symmetric along both planes

the moments will cancel each other out. This results in the system acting similar to a cantilever beam as

seen in Figure 38. The forces on the beam will be acting at the center of mass of the hexagon which is 6.77

inches above the ground. This is determined because the bottom of the hexagon has double the material as

the top therefore the center of mass is one third of the height from the bottom.

Figure 37: Definition of Coordinates of the Assembly
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Figure 38: Forces on the Hexagon Slab Holder

The shear force, V, and moment, M, on the beam can be calculated from this diagram. The 21 pounds

represent the force from each slab and the distance from the fixed point is displayed underneath the beam

in inches. The two in front of the 21 pounds is when two slabs are positioned in the same distance away

from the fixed point. The weight of the system is 28.13 pounds, recorded from SolidWorks, directly through

the center. The moment of the fixed point is found from the force multiplied by the distance from the fixed

point. The calculations can be seen below.

V = 21 + (2 ∗ 21) + 28.13 + (2 ∗ 21) + 21 = 154.13lb.

M = (21 ∗ 2.33) + (2 ∗ 21 ∗ 9.42) + (28.13 ∗ 17.40) + (2 ∗ 21 ∗ 23.90) + (21 ∗ 30.80) = 2584.32lb. ∗ in.

12.1 Carriage Plate Bolts

The carriage plate will secure the system while it is off the ground. There are eight bolts that will be fastened

to the hexagon slab holder. The stress on the bolts needs to be tested to ensure the bolts will not yield.

The centroid of the bolts is the direct center of the carriage block since the bolts are evenly spaced. The

dimensions of the carriage block, the set-up of the bolts, and the distance the bolts are from the centroid

can be seen in Figure 39.

The first stress on the bolt evaluation is the nominal stress from the moment. The bolts on the top are

being pulled while the bolts on the bottom are being compressed. The force is not applied by a point load

but instead by the downward moment. The force on the bolt is recorded from the distance the bolt is from

the moment which is the center of the carriage block. The bolt shares the force with the amount of bolts in

the same line. This is the equation used to find the nominal force on each bolt:
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Figure 39: Screws on the Carriage Block

P =
M

y ∗N
(2)

Where M is the moment, y is the distance from the center of mass of the hexagon and N is the number of

bolts the force is applied to. In this case the moment is 2584.32 pounds inches, the distance is 4 inches since

the carriage plate will be located at the center of mass, and there are four bolts taking the load.

The force causes the top bolts to be in tension which is represented by positive stress while the bottom

bolts are in compression which is shown with negative stress. The stress is computed from the force and the

area of the bolt. Each bolt has a major diameter of 0.215 inches which results in an area of 0.0363 inches

squared. The nominal stress is calculated from the following:

σ =
P

A
(3)

Where P is the nominal force and A is the area of the bolt.

The bolts undergo stress from shear as well. This shear stress is broken up into primary shear from the

direct force and the secondary shear from the moment. The primary shear force is perpendicular to the

object and distributed upon all the bolts shown by the following equation:

V ′ =
Vtotal
N

(4)

that N is the number of bolts influenced by the total shear force, Vtotal. The primary shear stress is found
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similar to nominal stress. The primary shear force found in equation 4 is divided by the area of the bolt:

τ ′ =
V ′

A
(5)

Where V’ is the primary shear and A is the area of the bolt.

The secondary shear force is more involved than the primary shear. This shear is a resultant of the

moment and the distance the bolt is from the centroid:

V ” =
M ∗ rh

r2a + r2b + r2c + r2d + r2e + r2f + r2g
(6)

Since rh is subjective, the distance of any bolt from the centroid can be multiplied by the moment, M, and

divided by the summation of the remaining bolts’ distances squared from the centroid expressed as ra, rb, rc...

and on. The secondary shear force is divided by the bolt area to find the secondary shear stressed displayed

in equation 7

τ” =
V ”

A
(7)

.

The primary shear stress and secondary shear stress are then combined from the following equation:

τ =
2
√
τ ′2 + τ”2 (8)

Illustrating Pythagorean Theorem to compute the overall shear stress. The overall shear stress is thus

evaluated from both the moment on a fixed object and the perpendicular force to the same object.

The Von Mises stress is the prediction of the yielding of materials influenced by from different loading

conditions. This equation:

σv =
2
√
σ2 + 3 ∗ τ2 (9)

Combines the nominal stress, σ and the total shear stress, τ , on the bolts. This stress is important since it

acknowledges when the material will begin to fail. The materials yield strength, σy can be divided by the

Von Mises stress, σx:

FOS =
σy
σv

(10)

To determine the load carrying capacity beyond the actual loads of the bolts. This is known as the factor of

safety (FOS) determined from the yield strength of 80 ksi of the bolts.

Each bolt in the carriage block was evaluated for nominal stress, shear stress, and Von Mises stress

and then given a FOS. The bolts are labeled in Figure 39 and the results are presented in Table 11. The

calculations for the maximum stressed bolt is demonstrated in the Appendices. The bolts that experience

the maximum stress are the bolts farthest away from the centroid.
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Table 11: Carriage Block Bolts

Bolt
σ

(ksi)
τ

(ksi)
σv

(ksi)
FOS
(-)

a -4.45 1.58 5.22 15.31
b -4.45 1.58 5.22 15.31
c -4.45 2.11 5.76 13.89
d 4.45 2.11 5.76 13.89
e 4.45 1.58 5.22 15.31
f 4.45 1.58 5.22 15.31
g 4.45 2.11 5.76 13.89
h -4.45 2.11 5.76 13.89

12.2 Hinge Bolts

The bolts on the hinges will be subjected to stress while the device is in the air. The stresses on the bolts

need to be analyzed to determine if the bolts can withstand the amount of force applied to them. This

evaluation will be similar to how the bolts were simulated in section 12.1. However, there are three slight

differences: the bolts for the hinges are in a different location than the carriage block bolts, the bolts on the

hinges will only be exposed to forces on half of the design but will induce a moment in multiple directions,

and the direct shear force on bolts is from the three slabs of 21 pounds and half of the weight of the entire

system as shown below.

V = 21 + 21 + 21 +
28.13

2
= 77.07lbs

The first moment the bolts face is pulling from the distance the forces are in the width or z-plane. This

is force from the left when facing parallel to the length of hinge. The moment is determined from the slab

that is 14.20 inches away, the other two slabs that are both 7.30 inches away and the weight of the object

that is 9.60 inches away all in the same direction as described before.

Mz = (21 ∗ 7.30) + (21 ∗ 14.20) + (
28.32

2
∗ 9.60) + (21 ∗ 7.30) = 740.80lbs ∗ in

The moment of 740.80 pounds inches applies the nominal stress on the bolts. Therefore the force is the

division of the moment divided by the number of bolts in the same line and the difference in height from the

center of mass of the hexagon shown in equation 2. From this nominal force, the nominal stress is assessed

using equation 3. This is involved in the secondary shear of the bolts as well as the second moment applied

to the bolts. This moment is applied parallel to the length of the hinges also known as the x-plane. The

moment is driving this half downward parallel to the other half. This moment is determined from the 21

pound slabs, 4.40 inches, 16.35 inches, and 28.30 inches away from the bolts in this direction as well as the

weight 17.40 inches away from the bolts.

Mx = (21 ∗ 4.40) + (21 ∗ 16.35) + (
28.32

2
∗ 17.40) + (21 ∗ 28.30) = 1275.70lbs ∗ in

The moment in the x-direction, 1275.70 pounds inches, only pertains to shear stress. The secondary shear of

the moment in the x-direction and z-direction are calculated from equation 6 using the distances in Figure

40.
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Figure 40: Bolts on the Hinges
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The shear stress of the bolts is evaluated from the following equation:

τ = 2
√
τ ′2 + τz”2 + +τx”2 (11)

Where the primary shear is combined with the shear from both the x-direction and z-direction. This shear

stress is employed with the nominal stress to analyze the Von Mises Stress on the bolts. The stresses for

each bolt is revealed in Table 12 with the FOS. The maximum stress of the bolts in the hinges are the closest

to the center of mass and the calculations for the maximum stress is displayed in the Appendices.

Table 12: Hinge Bolts

Bolt
Sigma
(ksi)

Tau
(ksi)

Von Mises
(ksi)

FOS
(-)

a -3.54 0.90 3.86 20.71
b -4.28 0.79 4.49 17.82
c -5.41 0.69 5.54 14.44
d -7.37 0.60 7.44 10.75
e 1.88 0.60 2.15 37.20
f 1.72 0.69 2.09 38.18
g 1.59 0.79 2.10 38.22
h 1.48 0.90 2.14 37.35

12.3 Linear Motion Device

For the design that is being pursued by the team, it was required to develop a lifting device that could allow

for both linear lifting and the holding of the collar. This portion of the design breaks down into two main

sections; the motor requirements and slider assembly. After extensive research it was determined that a ball

screw assembly with a few adjustments would be the ideal fit for the mechanism envisioned.

The requirements for the motor that would be selected are described below and they include the cal-

culation of load inertia, required speed, required force and required torque. The load inertia is the motors

resistance to change of speed or change of inertia. This was acquired from the equation.

JL = JW + JS (12)

Where JW is the inertia based on the weight of the load and can be calculated by the equation

JW = W × (PB ÷ 2π)2 (13)

Where W is the weight and PB is the pitch of the ball screw. Using these values the weight inertia was

determined to be 5.07 lb*in2. Then the screw inertia must be calculated using equation

JS =
π

32
∗ ρ ∗ PB ∗D4

B (14)

Where ρ is the density of steel which is .2856 lbs/ib3, LB is the length of the ball bar which is 24”. The

diameter of the ball screw (DB) is 1” and using these factors the screw inertia is .6725 lbs*in2. Given these

inertia, the total load inertia for this system is 5.744 lbs*in2. This is just one aspect of the motor calculations

used to determine the motor choice. The next aspect is the speed required for the motor. This requirement
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is more of a minor consideration but it must still be considered to allow for the assay time to stay under one

hour. In considering this, it was deemed that the speed that would be used is to raise the collar at 1 in/sec.

So to determine the speed of the motor needed to operated, the equation

VM = V1(60/PB) (15)

Where V1 is the desired velocity, Vm is the velocity of the motor. This requires that the motor speed must

be 60 RPM. The most critical calculation for the motor sizing is the required torque. In order to determine

this, the force required to move the collar must be determined. The only force that was acting against the

collar is the weight of the device itself. The force was estimated to be 150 lbf and using the equation

TL = (((F ∗ PB) ∗ 1.1) + TB)(1/ν × 0.01) (16)

Where TB is the breakaway torque and this was determined to be 2582 lbs*in. ν is the efficiency of the

ball screw which can range from 95% to 80%. To stay on the safe side, the efficiency was given a conservative

estimate of 80%. The final load torque was calculated to be 3220 lbs*in. Finally, to determine the required

torque, the load torque was multiplied by a factor of safety of 1.5. This gives a required torque of 4830

lbs*in. The factor of safety was used in accordance to industry norms discovered from research into motor

design. These calculations were aided by the use of the online motor sizing calculator provided by oriental

motor [14] and the inputs can be seen in Appendix G.

12.4 Bending Stresses

The sliding shaft would experience a substantial force requiring the need for calculations on the bending

to be precise. The magnitude and slope of the deflection will need to be minimized to allow for the pillow

block to slide seamlessly. The maximum bending stress on the shaft would be 2021.5 psi, the maximum

deflection would be .694” and the maximum slope of bending would be 8.07 degrees. These fall well under

the maximum bending that the pillow block can operate at with the factor of safety for stress being at

approximately 40. These calculations were assisted by the use of an online calculator [15] using the fixed

support. The full analysis of the data acquired and the inputs are listed in Appendix H with the exception

of the bending diagrams listed below.
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Figure 41: Bending Diagrams
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12.5 Weld Stress on Linear Support

The linear support is the four bars that will be welded to the hexagon in order to attach the linear motion

system. These bars will be butt welded to the top and bottom of the system. These bars will face the same

moment and shear as the carriage block bolts.

The bending stress is evenly distributed throughout the four bars. There will be a primary bending and

secondary bending on the welded joints similar to the bolts. Since each bar will be welded on both the top

and the bottom the shear force will be divided by 8. The throat area of the weld is determined by:

A = 0.707h(b+ 2d) (17)

where h is weld throat, d is the length of the welds adjacent to the height and b is the length of the weld

coincident with the top or bottom. The throat weld for this circumstance is 0.0039 inches, while b is 2

inches and d is 2 inches for each bar. The equation for the throat area is from the bar being welded on three

adjacent sides. For each bar, the throat area is calculated to be 0.017 in2. The primary bending stress is

calculated by using the following equation:

τ =
V

A
(18)

Where V is the shear force and A is the throat area.

The secondary bending stress on the weld is determined from:

τ” =
M ∗ c
I

(19)

Where M is the moment applied to the weld, c is the distance to point of rotation, and I is the area of inertia

of the weld. The area moment of inertia for these welds are calculated from:

Iu =
2d3

3
− 2 ∗ d2 ∗ y + (b+ 2 ∗ d) ∗ y2 (20)

Where y is d2

b+2∗d and 0.67 inches for each bar. The area of inertia for the weld of each bar is 2.67 in3 and

the distance to the point of rotation is from the center of gravity to y. The bending stress will be greater

on the top than the bottom since it is farther away from the center of gravity. The permissible stress on the

weld for the material is:

σp = 0.60 ∗ Sy (21)

Where Sy is the yield strength, 35 ksi, of the aluminum bars. The resultant permissible stress is 21 ksi for

the bars. The stress on the welds is insignificant compared to yield strength of the weld as seen in 13.

Table 13: Weld Stress of Bars

Weld
τ ′

(ksi)
τ”

(ksi)
τ

(ksi)
Permissible Stress

(ksi)
Top 1.17 3.30 3.51 21.00

Bottom 1.17 1.37 1.80 21.00
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13 Proof of Concept

After all of the design work and stress analysis was performed throughout the semester, a small-scale pro-

totype was created. This prototype served as a great demonstration tool and also helped eliminate some

minor functionality problems and aesthetic issues.

The first step was to determine how to implement the new design into LANL’s glovebox waste disposal

system. To tackle this issue, the glovebox and waste container (55-gallon drum) were designed on SolidWorks

and 3-D printed to serve as a physical model (Figure 42). The print also included the original assay that

was to be used, a collar design also provided by Canberra. This model was helpful as it determined that the

assay was to be placed underneath the glovebox due to space and accessibility issues if it were to be placed

inside. This helped the team to tackle some ergonomic problems that arose during the early design process.

Figure 42: Glovebox 3-D Print

When the new assay was selected due to the change in problem statement, a new 3-D print was not made.

However a CAD drawing was produced in SolidWorks which was discussed in a previous section (Section

11: Detailed Product Design). This drawing was run through the simulation program on SolidWorks and

a thorough stress analysis was completed, see Figure 43. To get a better understanding of the system that

was to be created, a small-scale model was created (Figure 44a).
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Figure 43: SolidWorks Stress Analysis

The project results for the changed system will yield similar results as to what is displayed in Figure 43.

It is hard to tell, but the maximum stress concentration is located at the hinge.

(a) Side View (b) Top View

Figure 44: Small-Scale Prototype

To create the prototype, materials were purchased based on needs of the model not the actual needs

of the design. Many of the materials used for the demonstration was found from past projects and other

products found by the team members. The materials used for the prototype are not the final materials that

will be used.

The prototype does not reflect the size of the design, it is there to explain the process. The top wooden

board represents the top of the glovebox and the assay system will rest below. There will be a trapdoor/hole
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leading into the 55-gallon drum which will sit right inside the metal apparatus (Figure 44b). The nuclear

waste will be disposed of through the hole and into the drum. The metal apparatus holds the six slabs, the

type of slab will vary depending on the user’s preference. The white slab represents the slab that can be

changed out to an active assay.

Once the drum is loaded via trapdoor, the user will start the assay process. This will start the 17 minute

long measurements of the top, middle, and bottom of the drum. To raise the mechanism, a motor will

be attached to the frame of the system. This motor was determined by calculating the weight and speed

needed for the movements (Refer to Section 10.2: Linear Motion). The goal is to raise the apparatus to each

different level in five seconds. The raising of the frame is demonstrated in Figure 45.

Figure 45: Motor Demonstration

The three separate assays will take about 17 minutes each, or 51 minutes total. This keeps the total time

under the allotted slot of one hour. Once this process is complete, the results of the assay will be displayed

on the user interface. If any waste is needed to be removed, it will be done so. If not, the front half of the

assembly will be opened by the user and the barrel is able to be removed to further disposal (See Figure 46).
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Figure 46: Hinge Demonstration
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14 Build/Manufacture

The prototype, Figure 47, that the team produced for the showcase was only a mock-up of what the final

design would be. Due to budget limitation, different materials had to be used instead of what would be

proposed. The frame was constructed out of plywood and the lift was replaced with a television mount to

simulate the proposed lifting mechanism. Also, due to the scanners high cost of several thousand dollars,

they were left out of the design and replaced with 3D printed slabs. These slabs, while not able to detect

anything, allowed the team to test the mechanical properties of the frame as the slab weight was still to

scale. The prototype was constructed in three main steps, frame construction and assembly, external parts,

and attaching to the glovebox and lift.

Figure 47: Half Scale Prototype
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Being that the frame was constructed from plywood, the team had to cut and shape each individual

part via ban saw. Once each smaller part was cut, the six upper and lower sides of the frame were glued

together using wood glue and small wood screws. Being that these limbs were fabricated by hand and not

by machine several needed to be re-cut during the redesign portion due to not matching the opposite limb.

After several days of cutting, gluing, and waiting, the hexagon frame was constructed, which meant the team

could now add on the external parts. These parts consisted of the hinges on one side, the locking mechanism

on the opposite, as well as the parts to mount the frame on the television lift and the sliders to ride on

the support rails. During the initial build and redesign of the frame the team noticed that as the frame

needed to change so did the hinges. After several trials the right type of hinge and positon was achieved.

The locking mechanism was a simple pin and hole mechanism that would keep the frame closed in use. The

television mounting device and rail sliders were also simple add-ons. Both were screwed and glued into the

devices frame and mounted easily. While all of this was happening six slabs were being printed and fitted

into the wooden frame to simulate the real scanner slabs. When placed in their individual wells on each limb

the prototype is completed.

The proposed design will be made from aluminum instead of plywood, the frame will then be welded

together. Aluminum will be strong enough to hold up the actual weight of the slab with little to no bending

on the unsupported side and is relatively cheap to purchase. The frame will still have the six wells for the

slabs to allow for easy installation and change between active and passive assaying models. Being made out

of metal allows all of the external parts to be welded on as well. The hinges and locking mechanism will

have to be tougher than what was used in the prototype but once attached will be fine. Lastly, instead of

the originally used television lift the frame will be welded to a lifting mechanism and guide rails. Again,

with the implementation of the six slabs concludes the fabrication of the prototype.

Being that the proposed design is a high value device, as well as being in a niche market, there is little

chance that it will ever be mass produced. The initial design is based off of the specifications Los Alamos

gave the team. The design is made to be used at any facility processing nuclear waste.
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15 Testing

Testing is important for the design and development of a new product. The purpose is to verify design

uncertainties, manufacturing and variations in the prototype. Products can fail due to many reasons including

design problems, excess stress, and errors. This ensures the design will have reliability and durability in its

performance in the planned environments. The tests were performed on the full scale design and half scale

design for stress and displacement analysis. However, the remaining tests were applied to only the half scale

prototype due to the necessity for a physical representation.

15.1 Standards

ASTM does not have any standards regarding the prototype of the design. However, the ASTM standards

for the materials will need to be followed for the full scale manufacturing. This includes includes Section

B769, Shear Testing of Aluminum Alloys, and Section A370, Mechanical Testing of Steel Products. The

Engineering Standards Manual for Los Alamos should also be followed when testing the full scale system.

15.2 Procedure

The design must be analyzed to guarantee that the product can handle the nuclear devices without failure.

This test requires the use Solidworks simulation. The results will determine if the aluminum material is

acceptable for the application and if the design needs altering. The analysis is run for each half of the

structure using the conditions in which each half will be fixed. Both halves will have a force of gravity

applied to the system as well as a distributed mass of 21 pounds applied to the locations for each of the

nuclear slabs. The Von Mises stress will be the first information taken into consideration to ensure the stress

does not exceed the yield strength of aluminum 1060. Displacement of the material will be recorded as well

to provide sufficient detail of the testing.

In order to run the analysis on either side of the structure, testing must be completed on the hinges. The

calculations on the bolts have been finalized in the Engineering Analysis, section 12.2. The simulation on the

hinges were subject to the same forces seen in Figure 40. This will be able to conclude whether the hinges

are able to handle the stress in the system. The tests on the hinges were evaluated for both a two hinge

system and a three hinge system. The results can help better determine how many hinges are necessary for

the structure.

Similarly, to the full scale model, Solidworks analysis is necessary for the half scale prototype. This is

due to the scaling, the thickness changes and most importantly the material changes of the model. The tests

are done to assure the design and material can handle the expected conditions. The analysis is again run for

each half of the structure using the force of gravity and the conditions in which it will be fixed. However,

the distributed mass is scaled down by half to 10.5 pounds for each of the nuclear slab locations. The results

taking from the analysis are the Von Mises stress and displacement for the same reasons as the full scale

model.

The manufacturing testing will be done by using three-dimensional printed nuclear slabs. These nuclear

slabs will be scaled down exactly half to test the building of the half scale model. The slabs should tightly

fit in the designation slots. They should be able to be easily removed but not allow too much space where

they will fall out.

An important piece in the design is the structure needs to be able to open and close. This is to allow

the 55-gallon drum to be easily replaced with a new one. The test is simple but necessary for the success of
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the device. The premise of the test is the device must open large enough to easily move the drum in or out

while close to fully surround the entire drum.

The mechanical lift should be able to raise and lower the structure built to hold the nuclear device. This

is important to test prior to adding the weight of the nuclear device. This test is precautionary in case the

mechanical lift has a problem with the structure. This would prevent more damage to the motor or the

highly expensive nuclear devices if something went wrong.

There is a time limit in the design specifications for the raising and lowering of the structure. The limit

is to ensure it does not take unnecessary time waiting for the device to reach to top or bottom since the

assaying of nuclear waste is already time consuming. The maximum time the mechanical lift should take to

reach the maximum height is ten seconds.

The next test involves using the weight of the nuclear slabs on the scaled down model. In order to assay

the entire drum, the mechanical system needs to raise the structure and the nuclear devices. This test is to

determine if there is any problems with the mechanical lift or the structure holding the nuclear devices. The

test was performed on the scaled down system with a quarter of the weight that will be subjected to the full

scale model. This is for numerous reasons including: not wanting to subject the television lift to that much

torque, the half scale model being made out of wood and the way the structure was assembled.

The following test is necessary to testing the durability of the structure. This is to ensure the structure

can hold the nuclear devices at the designed heights properly while assaying the drum. The length of time

for the test was determined to be thirty minutes since it takes the nuclear devices under twenty minutes to

record the reactivity. The purpose of the test is to conclude whether the structure requires more support or

has to be altered to better handle the weight of the nuclear devices. This test was also performed with a

quarter of the weight subjected to the full scale model for the same reasons.

Reliability testing creates a mistake proof design. The first test involved not enabling the device to be

opened when the assay of the waste is being processed. This was to prevent incorrect data or damage to the

structure if the device is off the ground. The next test was to mistake proof the structure for easy cleaning.

The design has many curves and crevices which will be hard to clean properly without creating a ’poke yoke.’

The final test is the system needs to be able to work underneath the glovebox. This is important because

the design has essentially zero purpose if it is incapable of working in the glovebox line. The mock glovebox

is built around the half scale prototype to conclude the test.

15.3 Testing Results

The results for the stress and displacement analysis on the full scale aluminum structure proved to be

acceptable. The side of the structure which endures the most stress is shown in Figure 48. This is the side

that will be supported by only the hinges and the latch on the opposite of the hinges. The factor of safety

for the structure is 5.98 which is above the threshold of 2 set in the design specifications. The same half

of the structure experienced the most displacement at 0.06 millimeters, seen in Figure 49 which leaves no

concern over the structure. The other half of the structure is supported by the lifting mechanism. This half

faced far less stress and displacement seen in the Section 23.9.
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Figure 48: Stress of the Full Scale Structure

Figure 49: Displacement of the Full Scale Structure
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A major concern for the structure was the stress on the hinges. As previously discussed, the bolt

calculations were calculated in Section 12.2 to ensure they would withstand the stresses. The hinges were

analyzed to determine whether two or three were necessary for the structure. Seen in Figure 50, the hinge

subject to forces if there were two hinges (left) faces stress of 409 MPa while the hinge subject to forces if

there were three hinges (right) endures only 198 MPa. The hinges would have a factor of safety of 3.13 with

three hinges on the structure but only a factor of safety of 1.52 with two hinges on the structure. This is

further discussed in Section 16.

(a) Stress with Two Hinges (b) Stress with Three Hinges

Figure 50: Testing Stresses on the Hinges

The results on the simulation of the half scale prototype were similar to the full scale model. This was

important to guarantee there would be no abnormally large stresses with the use of plywood. The same half

as the full scale structure encountered the maximum stress (Figure 51) and maximum displacement (Figure

52). The plywood half scale prototype result for factor of safety was 6.59 which is greater than that of the

full scale aluminum. The displacement of the half scale model is more than the full scale structure at 0.0929

millimeters. The half of the structure that faced far less stress and displacement can be seen in the Section

23.9.
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Figure 51: Stress of the Half Scale Structure

Figure 52: Displacement of the Half Scale Structure
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The first test on the design that was completed was checking the manufacturing. This test verified the

dimensions of the slots for the nuclear devices by using half scale plastic versions. All six designed areas

succeeded in the test.

The next test was to determine if the prototype would open and close properly. The prototype has a

wide range of motion when opening. This would allow a half scale 55 gallon drum to be easily replaced. The

problem was the prototype had approximately a four inch gap between halves when fully closed which can

be seen in Figure 53. This issue could result in a lower efficiency than intended for nuclear devices. Since the

problem could negatively impact the system, the design needed to undergo a redesign discussed in Section

16.

Figure 53: Prototype Fully Closed

The mechanical lift accomplished the first two required examinations. The first was to lift the structure

without the weight of the nuclear devices. This was seemingly done with ease by the television lift. The

time recorded for the lift to reach the desired maximum height was consistently ten seconds. This was on

the lower scale for time on the design specifications but it did fit within the necessary range.

The following tests involved the weight of the nuclear devices. The mechanical system was able to lift

the quarter scaled weight but there was some trouble. The bending of the structure was noticeable due to

the weight. However, this is due to the flexibility of the plywood. The aluminum used in the final design

would not deflect as much. A redesign was required before the durability test of supporting the weight for

thirty minutes at the designed measuring levels. The improvement to the structure is discussed in Section

16. Once the design was altered, the system was able to perform the test adequately.

Both of the mistake proofing created for the design was developed during redesign process. The first

prevents the structure from being opened when the assaying process is in progress. The other provides an

easy method for being able to clean and sanitize the system. These poke yokes are examined more in Section
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16.

The final test performed was to verify if the system would work within the glovebox line constraints. The

mechanical structure rested underneath the design glovebox without problems. The design was able to still

be opened and closed with no hinders to the vertical movement either.

15.4 Test Matrix

A test matrix is an important part of testing the design. The test matrix is not just a list of everything

being tested. The plan will include why each test is being performed and how each test will be conducted.

Also, incorporated is the results of the test and the planned resolutions for any problems. There are two

test matrices below which both contain the same tests and parameters. However, in Table 14, not all the

tests were performed before the first set of redesigns. The parts that failed in the first test matrix were

corrected before the testing continued. In Table 15, the results that failed were re-evaluated and deemed

worthy of success. The only two failures in the second test matrix were improved as well. The solutions will

be discussed in depth in the next section, 16.

Table 14: Test Matrix 1

Test Test Parameters Results Solutions
Full Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Full Scale Frame Displacement Less than 1 mm of displacement Fail Add a latch to opposite side of hinge

Hinges Stress Analysis Factor of safety of at least 2 Fail Add a third hinge
Half Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Half Scale Frame Displacement Less than 1 mm of displacement Fail Add latch to opposite side of hinge
Half Scale Frame Manufacturing Open and close around a 12” diameter barrell Fail Re-machine a side of the structure
Half Scale Frame Manufacturing Properly fit scaled down nuclear devices Pass

Lift Vertical Movement Raise and lower the frame Pass
Lift Time Reach max. height in less than 10 seconds Pass
Lift Vertical Movement Lift weight of frame and nuclear devices N/A

System Durability Hold nuclear devices in air for 30 minutes N/A
System Manufucturing Work underneath glovebox N/A

Table 15: Test Matrix 2

Test Test Parameters Results Solutions
Full Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Full Scale Frame Displacement Less than 1 mm of displacement Pass

Hinges Stress Analysis Factor of safety of at least 2 Pass
Half Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Half Scale Frame Displacement Less than 1 mm of displacement Pass
Half Scale Frame Manufacturing Open and close around a 12” diameter barrell Pass
Half Scale Frame Manufacturing Properly fit scaled down nuclear devices Pass

Lift Vertical Movement Raise and lower the frame Pass
Lift Time Reach max. height in less than 10 seconds Pass
Lift Vertical Movement Lift weight of frame and nuclear devices Fail Add vertical slider system

System Durability Hold nuclear devices in air for 30 minutes Fail Add vertical slider system
System Manufucturing Work underneath glovebox Pass
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16 Redesign

Redesign is an important part of creating a new product. Designs are constantly being improved to make the

product better, safer, and more cost efficient. The first major redesign was manufacturing the structure out

of plywood and utilizes a television lift for the vertical movement system. This alteration for the prototype

was strictly for cost saving purposes. The remainder of the improvements of the structure and system

were developed from testing results. Through the testing of the product, flaws in the original design were

exhibited.

16.1 Manufacturing Redesign

The first improvement on the prototype was to better manufacture the structure after it failed to fully close.

The original construction created approximately a four inch gap when the structure was fully closed. This

can be seen in the picture below Figure 54. The structure needed to be modified to reduce or eliminate the

gap. One of the six sides was completely disconnected and re-machined. This allowed for the mapping of

the new side using the existing pieces to ensure the structure will fully close. After the piece was machined

and connected, the structure accomplished the intended goal.

Figure 54: Prior to Redesign

16.2 Displacement Redesign

There was a flaw in the design when the simulation of one of the halves of the structures was first analyzed.

The half was only fixed by the hinges on one side leaving the other side free. This resulted in too much

displacement for the structure shown in Figure 55. The half scale prototype experiences a displacement of

over 2.7 millimeters. This resulted in the requirement to fix the opposite side of the hinge. The simplest way
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in doing so without hindering the ability to open and close is to add a support latch from the side of the

structure. This redesign is for both the full scale model and half scale model as the testing results improved

with two fixed ends. Those results were displayed in the analysis in Section 15.

Figure 55: Half Scale Displacement without a Latch

16.3 Hinge Redesign

The hinge was an important part of the design to test. The original design of the structure included only

two hinges. However, when the analysis was run with forces of the full scale model on the two hinges the

factor of safety was only 1.5. The factor of safety for the design should be above 2 for extra security. This

was achieved when the analysis was completed for the forces of the full scale model distributed on three

hinges. This resulted in a redesign to add a third hinge in the middle of the other two hinges.

16.4 Vertical Slider Redesign

The mechanical lift struggled when lifting and holding the the structure with the weight of the nuclear

devices. This was due to the bending moment created by the weight on the opposite end of the lift. In order

to counteract the moment, vertical sliders were attached to the fixed half of the structure. The vertical rod

for the sliders was supported by the linear rail supports connected to the floor created for the device and

the mock glovebox. This can be seen on the design in Figure 56. This redesign would be applied to the full

scale model to help support the structure and mechanical lift.
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Figure 56: Vertical Slider System

16.5 Poke Yoke Redesign

The mistake proofing of the design was accomplished during the redesign process. A major problem was to

prevent the structure from being opened while the waste is being assayed. This is achieved using the support

latch discussed in Section 16.2. A pin will be placed in the latch to lock the structure closed when assaying

the drum. This will prevent any error in data or any unnecessary damage to the nuclear devices.

The next redesign was to enable easier cleaning for the structure. This was accomplished by adding

covers to areas of the design that would be hard to clean. These areas were the corners of the hexagon where

the nuclear devices would not be placed. In the full scale model, plastic sleeves would be employed to cover

these areas. This would allow the structure to be wiped down quickly and efficiently preventing any cleaning

mistakes.

16.6 Aesthetic Redesign

Aesthetic redesign was necessary for the half scale prototype. This redesign is solely for the prototype. The

purpose is to improve the appearance due to the manufacturing errors and necessary connection methods.

In order to connect each side, an additional piece of plywood is needed to act as a bridge to the sides. This

was hidden on the bottom with the covers for easy cleaning purposes. On the top, a second layer was created

to give the appeal the structure was only two pieces or the two halves. The screws from the hinges extended

out of the wood maintaining an unfinished look. These were subsequently hidden to establish a clean look.

Spackle was eventually applied to the structure to fix gaps created from manufacturing errors. The

spackle created a solidified look for each of the halves. The final adjustment to improve the aesthetics of the

structure was spray painting the plywood. Gray spray paint was applied to reflect the color of aluminum

which would be utilized for the full scale model. The paint gave the structure a finished look seen in Figure

57.
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Figure 57: The Finished Prototype
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17 Operation

One of the critical requirements set by Los Alamos National Labs is that the implemented mechanism remain

in line with their current system. Once installed, the device will remain under a glove box to be used at any

time. As the waste moves down the line it will enter through a trap door mechanism into the drum below

the glove box. Then, either after each object enters the drum, or at chronologically set points an operator

can use the device to measure the drums contents. The JCC scanners are not large enough to measure the

entire drum in one sweep so the first scan will be taken when the operator runs the software for the slabs.

Next, he or she activates the linear actuator to bring the scanners to their second position and again activate

the software. Lastly, they are risen once more to their third position and conduct their final scan. At this

point the scanners are lowered back down to their resting position and their readings are totaled. Based

upon these readings three things can occur; the drum will be ready to be removed, the drum is over the

allowed amount and needs to be emptied, or it will continue to be filled.

If the drum is ready to be removed a drum dolly is brought up to the glove box and the mechanism is

opened. The drum is then loaded onto the dolly and brought to its next destination. If the drum is not at

its limit yet and will continue to be filled up then no further actions is needed. The final possibility that

the drum is overfilled is the catalyst for the problem statement that birthed this project. If the drum ever

reaches this level with this design in place means that scans are not being taken frequently enough or too

much waste is entering at a time. However, the solution to this problem is that because the drum is still

under the glovebox in a sealed state than the waste can simply be removed back up through the trap door

into the glovebox. At this point the drum can be rescanned to determine if more waste needs to be removed

or the drum is safe to transport.
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18 Maintenance

18.1 Cleaning

To ensure that any contaminants, whether physical or radiation based, could be cleaned off of the NDA,

several considerations were taken into effect. Any sharp edges that could possibly hinder wiping down the

device were eliminated. Additionally, to avoid wiping the mechanism down completely, the entire design is

able to be covered in plastic wrap to avoid contaminants. The cleaning process will occur as according to

the LANL standards.

18.2 Repairs

Any physical damage to the aluminum frame of the design will just simply be repaired as needed. Additional

welding may be needed if it is severely damaged, or even just replacement of parts. This is all based on the

given need at the time.

Any damage or faults with the NDA slabs should be taken forth with Canberra, the providing company.

The product may be under warranty depending on the conditions provided by Canberra. This also applies

to the motor, hinges, and sliders.
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19 Additional Considerations

With any project dealing in the nuclear domain, there must be many questions on the impact of the proposed

change. In the world today, the public has very little understanding about nuclear systems and it is hard

to discern fact from fiction without a good knowledge base. This is not helped by the general negative

connotation toward nuclear technology in the media. This tends to drown out the experts and the remarkable

safety record for the industry as a whole not to mention the extraordinary benefits the technology gives to

society. To address these concerns for this project, below will discuss the economic, environmental, societal,

political, ethic, and health and safety impact and the sustainability of the project.

19.1 Economic Impact

The impact to the economy of this device could be considerable in the nuclear technology sector. This

device would allow for a far more streamlined processing of nuclear waste not only in the LANL facility but

to nuclear facilities across the world. The device is designed to assay waste produced in any facility like rags

and tools that come in contact with radioactive material. With Los Alamos saving hundreds of thousands of

dollars with this device they will be able to spend more money on research and testing. This device will not

change the economy on the whole but could allow for more JCC 71,72, and 73 devices to be sold for it opens

a new application. Overall, it is believe that this device can eliminate muda in nuclear waste processing.

19.2 Enviromental Impact

The enviromental impact of this device has it ups and downs. The upside of this device is the ensurence that

high level nuclear waste is dangerously buried at the Waste Isolation Pilot Plant. This site does have many

safeguards to ensure this will that there will be no contamination but the device does add a layer of security.

The advantage of the device is the ability to remove waste before it leaves the glovebox. The drawbacks with

regard to the enviroment is the need for He-3 for the product. Although this element is the second most

abundent in the universe, it is extremely rare on this planet. It is produced with the enviromentaly damaging

process of natural gas production. It is a by-product of the drilling and if not capured imediately the helium

escapes into space. This device will increase the need for the element thus contributing to depleting this

precious resource further. On the whole, the device still does less damage than it can protect against but

the depletion of a critical resouce is something that needs to be considered with care.

19.3 Political and Societal Impact

This device does open a current discussion for the consideration in disposing of nuclear waste. The device

would be the first step of the waste on its way to the Waste Isolation Pilot Plant, which is a controversal

way to dispose of low level waste. This is a politically charged issue that has successed in closing the

proposed Yucca Mountain site and stands consistantly in the way of solving a resonable approche to the safe

perminent storage of nuclear waste products. The device that was developed does make the processing of

waste products more safe and if the process was made resonably transparent. This would help to ease the

collective conscience of the society. This device put one more level of security before the waste is buried. It is

doubted this one difference will make a large impact on the society but with small changes and transparency

will allow for experts to be trusted. Nuclear waste has been produced but a decision on what to do with it

once it is done is still up for debate. The fact of the matter is it needs to go somewhere and must be done in
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a safe manner. Understanding this may clear the fog in the debate over waste disposal and allow for good

hearted discussion on the best route forward.

19.4 Ethical Impact

With any device in the nuclear field, a great deal of ethical consideration is taken and this is the same with

this product. The consideration that would be the most important is the abiltiy for this product to perfort

the task it is design for. This would ensure the saftey of the workers in the facility and the public on the

whole. In order to upkeep the quality, each device needs to be tested and calabrated upon installation. This

product does ensure that nuclear waste is safe for burial so it is important to make the device correctly and

use it in the way it is intended.

19.5 Health, Saftey and Ergonomic Impact

One of the main purposes of this device is the saftey of nuclear workers in handling dangerous material

every day. This device allows for the nuclear material to stay in glovebox area while it is being assayed thus

helping in increase the ALARA standards. It also protects the nuclear workers, whom job it is to remove

material if it exceeds the limit, from radiation in the way of elimiating this deviation from happening. This

will stop workers from handling the dangerous waste. This will increase both health and saftey of workers.

The ergonomics of the process will decrease because of the constrained area below the glovebox. It will not

be markedly different but will make the work area a bit more constrained. If the device signals that the

activity of the drum is too high, than attempting to remove the material from the drum within the glovebox

would be fairly difficult but the cost of process out of the glovebox does justify this difficultly. Overall, this

is a very safey product that protects the workers properly from the dangerous materials.

19.6 Substainability

This product does offer a fairly substainable design that offers a flexible solution for the problem. The design

offers a flexible platform if other devices are developed similar to the JCC 71, 72, and 73 products. The

collar is made with readly available materials and technology. The neutron coincidence counter is the device

that is not all that substainable because of the scarcety of He-3 in the world. To help substain the resource

it should be reused for new products and saved at the time when the counter excedes its lifespan.
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20 Conclusions

The construction of the prototype has been a success. The prototype made was a half scale model due to

budget constraints. The model was however tested under similar conditions that the actual device would face.

The model was made out of plywood instead of aluminum, and greatly served its purpose as to demonstrate

the in-line procedure and confirm the design. When designing the prototype the team had to make sure that

it met all of LANL’s specified requirements. The three categories that the team focus on primarily were the

nuclear requirements, the mechanical requirements, and the financial requirements.

20.1 Nuclear Requirements

While the focus on this design was not to create a brand new non-destructive assay, the team still had to

research and select one that would meet the lab’s given specifications. The NDA that the team selected is

a neutron coincidence counter that is able to measure in both active and passive assays. The lab wanted

to have this flexibility so that they did not have to limit this design to just one process. They also had a

desire for the design to have an acceptable efficiency greater than 5 percent. Obviously, the device needs to

be efficient or else it would not be used and both the active and passive assay processes that were selected

meet this standard. When adding a new process to the system it cannot take up too much time or else

it would only become a hindrance. The proposed solution can run its tests at all three heights in under

one hour, a time that the lab finds suitable. The accepted level of radiation is to have no more than 100

nano-curies per gram in the drum, and this measurement is to be taken at an efficiency of greater than

5%. The device is more than accurate enough to get a reading this low. Lastly the system has to be user

friendly, the representative from Canberra assured that this systems software is very user friendly and easy

to operate. Each specification given to the team was considered and met when designing the final solution.

20.2 Mechanical Requirements

Los Alamos also gave the team a list of requirements that the design had to meet in regards to the mechanical

aspect. The first and most important is that the design maintain the in-line process that currently exists.

They do not want any major changes to the layout they currently use, so the team decided to install the

device beneath the glove box where there is currently nothing but empty space. With the need to have

multiple types of readers means that there needs to be an easy process for changing them. The final design

has a simple removable portion that can be swapped out for a different device in just a few minutes. The

motor has to be able to move the entire system vertically the entire length of the drum. The one selected

operates with 4000 pounds per inch torque and should have no trouble with the basic function of raising the

scanner. When designing the frame of the device the team had to consider how sturdy it needed to be. After

several calculations, it was determined that the frame needs to hold 150 pounds. This knowledge came into

consideration when determining what materials were to be used. The actual drum that is being measured

may not always be a 55-gallon drum and therefore the device has to be adaptable enough to measure several

different drums. The maximum diameter than can be entered into the system is 23.5 inches which is large

enough to handle any container needed. Lastly, just like in the nuclear requirements, the device needs to be

user friendly. Prior to completion of this project the team will create a Standard Operating Procedure on

how to use the device. In theory, it should only require a couple buttons that when clearly labeled will be

self-explanatory.
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20.3 Financial Requirements

The entire purpose of this project is to prevent the number of or even eliminate the need for process deviations.

This problem costs the company 150,000 dollars per process deviation and happens approximately 5 times

a year. At an average of 750,000 dollars a year the solution to this problem could save the company millions

of dollars. Also, the initial cost and annual costs of this solution will come nowhere near as much. The team

broke down the costs into two main categories, mechanical and nuclear materials. The mechanical portion

is what the team plans on constructing and is relatively inexpensive at only a couple hundred dollars. The

nuclear materials are the physical devices that need to be installed. This cost is approximately 175,000

dollars and would be paid for by the DOE if they choose to use the proposed solution. Even though this

sounds like a lot for a senior design project, if it can solve a million-dollar problem then the cost should be

no concern.

20.4 Summary

After doing all of the analysis, planning, and designing, the team feels that this device meets all of the

requirements set by LANL. After further testing of the half scale model, all physical requirements have been

met and the construction was ruled a success. The next step is the build the full scale model, made of

aluminum, and order the NDAs from Canberra. After this is pieced together the system will then be fully

functional in the Los Alamos Lab. The group sponsor, Jennifer Alwin, thinks that project went very well

and met all standards previously set.
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23 Appendices

23.1 Appendix A: Project Planning

Figure 58: Design Process
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23.2 Appendix B: Product Design

Figure 59: Front View of the Cross Section Hexagon Slab Holder
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Figure 60: Top View of the Cross Section Hexagon Slab Holder
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Figure 61: Isometric View of the Cross Section Hexagon Slab Holder
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23.3 Appendix C: Half Scale Prototype

Figure 62: Top view of the half scale prototype
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Figure 63: Back view of the half scale prototype
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23.4 Appendix D: Data Sheets

Figure 64: JCC 71, 72, 73 Data Sheets
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Figure 65: JCC 71, 72, 73 Data Sheets
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Figure 66: JCC 71, 72, 73 Data Sheets
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Figure 67: JCC 71, 72, 73 Data Sheets
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Figure 68: JSR 14 Data Sheets
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Figure 69: JSR 14 Data Sheets

Team 8 Page 113



Plutonium Assessment —

Figure 70: JSR 14 Data SheetsTeam 8 Page 114
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Figure 71: JSR 14 Data Sheets
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Figure 72: JSR 14 Data Sheets
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Figure 73: NDA 2000 Data Sheets
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Figure 74: NDA 2000 Data Sheets
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Figure 75: NDA 2000 Data Sheets
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Figure 76: NDA 2000 Data Sheets
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23.5 Appendix E: Carriage Plate Bolt Calculations

P =
2584.32

4 ∗ 4
= 161.52lb.

σ =
161.52 ∗ 4

π ∗ 0.2152
= 4.45ksi

V ′ =
154.13

8
= 19.27lb.

τ ′ =
4 ∗ 19.27

π ∗ 0.2152
= 0.53psi.

V ” =
2584.32 ∗ 6.4

(4 ∗ 52) + (3 ∗ 6.42)
= 74.2lbs.

τ” =
4 ∗ 74.2

π ∗ 0.2152
= 2.04ksi

τ =
2
√

0.532 + 2.112 = 2.11ksi

σv =
2
√

3.882 + 3 ∗ 1.792 = 5.76ksi

FOS =
80

5.76
= 13.89
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23.6 Appendix F: Hinge Bolt Calculations

P =
740.80

−2.77
= −267.40lb.

σ =
−267.40 ∗ 4

π ∗ 0.2152
= −7.37ksi

V ′ =
77.07

8
= 9.63lb.

τ ′ =
4 ∗ 9.63

π ∗ 0.2152
= 0.27ksi.

Vx” =
1245.52 ∗ 6.80

(2 ∗ 7.802) + (2 ∗ 8.802) + (2 ∗ 9.802) + 7.80
= 16.85lbs.

τ” =
4 ∗ 16.85

π ∗ 0.2152
= 0.46psi

Vz” =
740.8 ∗ 6.80

(2 ∗ 7.802) + (2 ∗ 8.802) + (2 ∗ 9.802) + 6.80
= 9.78lbs.

τ” =
4 ∗ 14.67

π ∗ 0.232
= 0.27ksi

τ =
2
√

0.272 + 0.462 + 0.272 = 0.60ksi

σv =
2
√

−7.372 + 0.602 = 7.44ksi

FOS =
80

7.44
= 10.75
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23.7 Appendix G: Motor Information

Figure 77: Motor Calculation Input
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Figure 78: Motor Calculations

Figure 79: Motor Data 1
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Figure 80: Motor Data 2

Figure 81: Motor Data 3
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23.8 Appendix H: Bending Analysis

Figure 82: Bending analysis
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Figure 83: Bending analysis
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Figure 84: Free Body Diagram

Figure 85: Free Body Diagram
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23.9 Appendix J: Testing Results

Figure 86: Stress of the Full Scale Structure
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Figure 87: Displacement of the Full Scale Structure
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Figure 88: Stress of the Half Scale Structure
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Figure 89: Displacement of the Half Scale Structure
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