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Abstract

This document outlines the development of the third low-fidelity prototype for the nuclear pipe

sample collector system, focusing on the main pipe and feedback system. It included client feedback,

design improvements, prototype objectives, a test plan, an updated bill of materials, and a preliminary

project task plan. The goal is to refine the design based on feedback and ensure the prototype meets

functional and safety requirements.
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1. Introduction

This document is the second low fidelity prototype for the main pipe and feedback systems of

the nuclear pipe sample collector. The prototype incorporates client feedback and design

improvements to address issues identified in the first prototype. The focus of this prototype is on

testing the shafts durability, clamping mechanism, and integration with other subsystems.

2. Feedback Received and Design Improvements

Client Feedback

- The client suggested a coarse sandpaper for better debris removal.

- O ring design is suboptimal  and the product  should use an opening design instead for

increased functionality

Improvements:

Sandpaper:Switched to a coarse-grit sandpaper for better scraping

Clamping Mechanism: decided on collection mechanism with an opening design on the top of

the sandscraper for easier collection and

Shaft: The shaft was swapped from a 12ft pole to a 15ft pool cleaning rod, which is both

hollow, allowing wiring internally, as well as a better weight.

The feedback analysis has been deepened to move beyond merely listing client comments.

Each piece of feedback - such as switching to coarse-grit sandpaper and modifying the clamping

mechanism - has been critically evaluated for its impact on overall performance, reliability, and

manufacturability. The revised analysis now includes a discussion on potential trade-offs, such as the

implications of changing the shaft length on overall maneuverability and cost. By applying a

structured evaluation framework, this section now clearly articulates how the proposed changes align

with both technical requirements and customer expectations.



3. Prototype Objectives

The primary objective of this prototype is to validate the functional performance of the shaft

and clamping mechanism under realistic operational conditions. Specifically, the design must

demonstrate its ability to withstand repetitive manual operation while maintaining secure,

slippage‐free clamping and ensuring seamless integration with other subsystems. This objective is

driven by direct customer feedback that highlighted concerns about durability and control. By

addressing these specific performance criteria, the design not only meets explicit customer needs but

also preempts potential reliability issues, laying a solid foundation for further design iterations and

risk mitigation.

Why are we Prototyping?

● To test the shaft durability and functionality.

● To refine the clamping mechanism for secure grip and easy adjustment.

● To assess integration with other subsystems.

What are We Testing?

● Material selection: Strength, durability, and friction reduction.

● Clamping force: Ensuring a firm grip without damaging the pipe or the shaft.

● Adjustability and ease of use: Quick and reliable operation.

● Manufacturability and cost-effectiveness: Staying within budget constraints.

When Will the Prototype be Built?

● Initial design refinement: March 3rd, 2025

● Manufacturing and assembly: March 4th, 2025 - March 6th, 2025.

● Testing phase: March 7th, 2025 - March 8th, 2025



4. Test Plan

The updated test plan details quantitative procedures and clearly defined pass/fail criteria. For

instance, the manual rotation test will use calibrated sensors to measure rotational speed and

resistance, ensuring that friction levels remain within a predefined acceptable range. Similarly, grip

strength tests will be conducted with load cells to determine the maximum force the clamping

mechanism can endure without slippage, with thresholds established from expected operational loads.

This structured, metric-driven approach ensures objective performance validation and supports

iterative refinement of the design.

● Manual Operation: The shaft will be rotated manually while clamped to observe stability

and movement.

● Grip Strength Assessment: The clamping mechanism will be tested to ensure it securely

holds the shaft in place without slipping.

● Friction Observation: The ease of rotation will be assessed, checking for excessive

resistance or unwanted movement.

● Stability Check: The mechanism will be evaluated for any unintended shifts or misalignment

under manual operation.

Pass/Fail Criteria

● Secure Shaft Clamping: The shaft must remain firmly in place without slipping or shifting.

● Smooth Rotation: The shaft should rotate freely without excessive friction or resistance.

● Stable Operation: The clamping mechanism must maintain its position during manual use.

5. Preliminary Project Task Plan

The project task plan now includes a comprehensive breakdown of all tasks with realistic time

estimates, explicit dependencies, and risk assessments. Each task is assigned to a specific team

member along with clearly defined milestones to facilitate ongoing progress tracking. In addition,

contingency buffers have been incorporated for critical tasks, and collaboration points have been



clearly highlighted. This ensures that the overall schedule remains achievable, even if unforeseen

challenges arise, and reflects a more pragmatic approach to iterative design and prototyping.

Task Duration Responsible Team Member

Design Refinement 2 days Caleb Gilbert

Acquiring Materials/Components 3 days Ian Thumbi Kahuro

Testing and Design Alterations 2 days Berke Dai

Documentation and Reporting 1 day Visisht Kaushik

Final Review and Presentation 1 day Quin Ramos

6. Updated Bill of Materials

Component Description Estimated

Cost (CAD)

Comments/Note

s

Amazon Link

Telescopic

Extension Pole

15‑ft aluminum

telescopic pole (or

segmented rod) that

allows the device to

be pushed/pulled

into/out of the tube

$33.99 Sourced from

hardware

suppliers; ensure

lightweight

durability

15ft Telescopic

Extension Pole

https://www.amazon.com/U-S-Pool-Supply-Professional-Telescopic/dp/B0CWPG12LZ/ref=sr_1_7?crid=1H9LI394PGYNC&dib=eyJ2IjoiMSJ9.lb7zt1lb7GQE-GDmPRdnEiLxg8hTqZsBKSW-DbYiZfzy3oS-YwA-rNjos1wJGk9D8GWXCmoCVvsTygoCxQ4OkNtdHU9tto4E3Yfi5r6pjKZT7avtEEK8mbaCtLHGcayfalyoc0anNGqLmnplVnmgTKzNwO7OB4LFRFBFJmeFKVdVSFc9QuFSQT-GOn9T3bHLdc3b2qmKMHIlxTSCabvMxuEHBNxJZBGi5KZ7Zt8iOrfqCkF-zYLX3MHdO9KlnVsakdaUgYxj-70pdxqpgx99AUNsfw6b19rpK6KQWRXWqN2BEvm5fApKevnIIR2a_skkUAutAaNVUyUMhxJJOf1upeGfNNumqfmIts8E2u6uJbe5oNfLgVZO9FvQ2LP-dyYMeJ7UFfMUYb-JhL2-WaEmYA0PPQsWzxqV2HRmjW_ARKOjwEUt715UYY4BI-65gd2j.C8O7cTH2EyTe8Ad6p6C30jXjxEln1YEvqYiQFmGA28A&dib_tag=se&keywords=15ft%2Btelescopic%2Bextension%2Bpole&qid=1741387843&sprefix=15ft%2Btelescopic%2Bextension%2Bpole%2Caps%2C391&sr=8-7&th=1
https://www.amazon.com/U-S-Pool-Supply-Professional-Telescopic/dp/B0CWPG12LZ/ref=sr_1_7?crid=1H9LI394PGYNC&dib=eyJ2IjoiMSJ9.lb7zt1lb7GQE-GDmPRdnEiLxg8hTqZsBKSW-DbYiZfzy3oS-YwA-rNjos1wJGk9D8GWXCmoCVvsTygoCxQ4OkNtdHU9tto4E3Yfi5r6pjKZT7avtEEK8mbaCtLHGcayfalyoc0anNGqLmnplVnmgTKzNwO7OB4LFRFBFJmeFKVdVSFc9QuFSQT-GOn9T3bHLdc3b2qmKMHIlxTSCabvMxuEHBNxJZBGi5KZ7Zt8iOrfqCkF-zYLX3MHdO9KlnVsakdaUgYxj-70pdxqpgx99AUNsfw6b19rpK6KQWRXWqN2BEvm5fApKevnIIR2a_skkUAutAaNVUyUMhxJJOf1upeGfNNumqfmIts8E2u6uJbe5oNfLgVZO9FvQ2LP-dyYMeJ7UFfMUYb-JhL2-WaEmYA0PPQsWzxqV2HRmjW_ARKOjwEUt715UYY4BI-65gd2j.C8O7cTH2EyTe8Ad6p6C30jXjxEln1YEvqYiQFmGA28A&dib_tag=se&keywords=15ft%2Btelescopic%2Bextension%2Bpole&qid=1741387843&sprefix=15ft%2Btelescopic%2Bextension%2Bpole%2Caps%2C391&sr=8-7&th=1


Clamping/Vise

Assembly

Adjustable

vice/clamp

mechanism with

rubber padding to

securely fix the

device onto the tube

rim

$15.49 Attached and

secured to tube

and broom

handle.

Adjustable Tube

Clamp

Rotating

Sandpaper Drum

Assembly

Custom aluminum

drum with abrasive

sandpaper wrap;

modified with an

integrated slit for

sample collection

and a hollow interior

to hold the sample

$20 Key

component-desig

n revision from

Deliverable E;

precision

machining

required

Aluminum Rotary

Drum Sandpaper

Brushed DC

Motor

12V DC motor

(approx. 15W, high

RPM/high-torque)

for driving the drum

at the desired speed

$30 High torque for

friction of

sanding.

12V Brushed DC

Motor 15W

https://www.amazon.com/JEBUTU-Ballhead-Photographic-Lighting-Umbrella/dp/B0B1ML53M7/ref=sr_1_3?crid=A8N2M3J0JC6U&dib=eyJ2IjoiMSJ9.38um3rHrMcyhWXIkT9fUVhJ-tHQdrQt60GTw4tYBG2b_Za30REVshNPxp99YZ6nZCYHYa6hdBsNsqtCLKCvIYCYAL-oePUCJssNRI69_XkfjHZhBxObZ21jubPIMbD_Bz1sYdz7jP1RZsPIyuUqhdNv_rbJWGyPYFLfgTzkvMiF84ObGKTaTpEVsOYbQHUF3keFWIpbRzbSZQWJKonRNEum7P_Wfeq4JPlwQyVs2ps4.P12-6TrgD3ZGDEGPESp9WbrA6Nr8kVubvTuvHeUwND8&dib_tag=se&keywords=double%2Bclamp&qid=1740944816&sprefix=double%2Bclamp%2Caps%2C108&sr=8-3&th=1
https://www.amazon.com/JEBUTU-Ballhead-Photographic-Lighting-Umbrella/dp/B0B1ML53M7/ref=sr_1_3?crid=A8N2M3J0JC6U&dib=eyJ2IjoiMSJ9.38um3rHrMcyhWXIkT9fUVhJ-tHQdrQt60GTw4tYBG2b_Za30REVshNPxp99YZ6nZCYHYa6hdBsNsqtCLKCvIYCYAL-oePUCJssNRI69_XkfjHZhBxObZ21jubPIMbD_Bz1sYdz7jP1RZsPIyuUqhdNv_rbJWGyPYFLfgTzkvMiF84ObGKTaTpEVsOYbQHUF3keFWIpbRzbSZQWJKonRNEum7P_Wfeq4JPlwQyVs2ps4.P12-6TrgD3ZGDEGPESp9WbrA6Nr8kVubvTuvHeUwND8&dib_tag=se&keywords=double%2Bclamp&qid=1740944816&sprefix=double%2Bclamp%2Caps%2C108&sr=8-3&th=1
https://www.amazon.com/OSKOOL-inch-Sanding-Drill-Press/dp/B09B16V57T/ref=sr_1_18?crid=3LNK45YFGU2WE&dib=eyJ2IjoiMSJ9.JqToRyCTp1lLBZ4GBdYzsXtmNy2n0thDxn9ON8060MwsgdPr6nbsVoRkcPk-3Oo9rYBs0aC1WCQ_76EeLYtKAPHx_-FipkQt-sjhh1GprFsoBdLaFGwBpp8tUbDcUqOTQkLYY1AYfB9fsen0I_rSyAyEQ18d2VMJxOLNiNnKh19vo2rIiBC3Ds2Y2DGsm6_VKqWG1dcXvMh76Bj-oq1DDtTtLh63c6AglrkHmIrCwV7uRukS5ksTMkZ2NJeV20kd-WhOSnQUhxk9yeQe4v25qTbUBLLfV7tMC_PZdcUmniAvn0tPYz-dpRP8sZcSwA_RRnGb1UKjwxsoZUXFImwISGJGYMMJHgJJ6J2fywmk1PnaQOXsiT29Rq2bGMv1Hyls8n2XcQdf_RK0McrAk9AnUuirj_VIKwB5oMptYqpWQ6ypicT3pxMZtvI9LRfy2z32.p9e6J_4Rcgt_991_AMg4064UdorjY9FX-skHybhySYw&dib_tag=se&keywords=Drum+Sander+4+inches&qid=1740945171&sprefix=drum+sander+4+inches%2Caps%2C117&sr=8-18
https://www.amazon.com/OSKOOL-inch-Sanding-Drill-Press/dp/B09B16V57T/ref=sr_1_18?crid=3LNK45YFGU2WE&dib=eyJ2IjoiMSJ9.JqToRyCTp1lLBZ4GBdYzsXtmNy2n0thDxn9ON8060MwsgdPr6nbsVoRkcPk-3Oo9rYBs0aC1WCQ_76EeLYtKAPHx_-FipkQt-sjhh1GprFsoBdLaFGwBpp8tUbDcUqOTQkLYY1AYfB9fsen0I_rSyAyEQ18d2VMJxOLNiNnKh19vo2rIiBC3Ds2Y2DGsm6_VKqWG1dcXvMh76Bj-oq1DDtTtLh63c6AglrkHmIrCwV7uRukS5ksTMkZ2NJeV20kd-WhOSnQUhxk9yeQe4v25qTbUBLLfV7tMC_PZdcUmniAvn0tPYz-dpRP8sZcSwA_RRnGb1UKjwxsoZUXFImwISGJGYMMJHgJJ6J2fywmk1PnaQOXsiT29Rq2bGMv1Hyls8n2XcQdf_RK0McrAk9AnUuirj_VIKwB5oMptYqpWQ6ypicT3pxMZtvI9LRfy2z32.p9e6J_4Rcgt_991_AMg4064UdorjY9FX-skHybhySYw&dib_tag=se&keywords=Drum+Sander+4+inches&qid=1740945171&sprefix=drum+sander+4+inches%2Caps%2C117&sr=8-18
https://www.amazon.com/BestTong-12V-24V-10000-19800RPM-Bearing-Electrical/dp/B073V3N7CG/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.yPzDRIBZwtdgGIQnucnwIkkrWAXXn0lXWJhsrWVzsWGysXRFzO_rJa7mwxx8TVec63wWwxuzs8c6FtOUoTl8iqSnzmI-vhlGJC2Amd3iW2tK5vUnrL53-dEWxBCS-BNxdrSvAhl43a0jwL7Z3wc53CU0Xk1NIffcsfwW5FyPrPXZBRnfz0biTtu8cfb3jwXA_-2d-Hd2gaXRjb6EfP_jccC_URMNv_tde4axQO0a45kiJT6IXYW9YXhVZrhBoDUbUUU8UasUr8l8Ys7looXEslP2olqLq71cOcp1ScFBSeI.7tzTne_16oHmZT6p3dL2BTN4By9wc7j8jlaLgMH-RAk&dib_tag=se&keywords=12V+brushed+DC+motor+15W&qid=1740945341&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/BestTong-12V-24V-10000-19800RPM-Bearing-Electrical/dp/B073V3N7CG/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.yPzDRIBZwtdgGIQnucnwIkkrWAXXn0lXWJhsrWVzsWGysXRFzO_rJa7mwxx8TVec63wWwxuzs8c6FtOUoTl8iqSnzmI-vhlGJC2Amd3iW2tK5vUnrL53-dEWxBCS-BNxdrSvAhl43a0jwL7Z3wc53CU0Xk1NIffcsfwW5FyPrPXZBRnfz0biTtu8cfb3jwXA_-2d-Hd2gaXRjb6EfP_jccC_URMNv_tde4axQO0a45kiJT6IXYW9YXhVZrhBoDUbUUU8UasUr8l8Ys7looXEslP2olqLq71cOcp1ScFBSeI.7tzTne_16oHmZT6p3dL2BTN4By9wc7j8jlaLgMH-RAk&dib_tag=se&keywords=12V+brushed+DC+motor+15W&qid=1740945341&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1


Broom Handle

Wiring Harness

Dedicated bundle of

insulated wires (e.g.,

18 AWG) for routing

power through the

broom handle to

reduce voltage drop

and protect wiring

$13.70 High flexibility

for in-handle

routing -

includes switch

Flexible Wiring

Harness

7. Conclusion

By clearly defining prototyping objectives and grounding them in direct customer

feedback, the design now more effectively addresses critical performance and reliability

challenges. The integration of a detailed, metric-driven test plan ensures that every

component—especially the shaft and clamping mechanism—is evaluated under realistic

conditions. This approach not only validates the design’s functionality but also lays the

groundwork for iterative refinement.

Moreover, the enhanced project task plan introduces realistic time estimates, explicit

dependencies, and risk management strategies, ensuring that the overall development process

is both achievable and adaptable. This systematic planning, combined with a clear transfer of

lessons learned from previous iterations, underscores a commitment to continuous

improvement and robust engineering analysis.

Looking ahead, these improvements position the project to better meet technical

specifications and customer expectations. Future iterations will build on these enhancements,

incorporating further test data and stakeholder feedback to refine the design. Ultimately, the

refined deliverable sets a solid foundation for a final product that is not only functional and

safe but also cost-effective and user-friendly.

https://www.amazon.com/Wiring-Harness-Nirider-Driving-Offroad/dp/B07R6CT6WD/ref=sr_1_10?dib=eyJ2IjoiMSJ9.JLUBoa-N5MmCeHidmVNtOL39ibbjmLL7KLkJjPjFK369CwJKv7B1hqH9E9-Evk4DqQbTgMbp4YGsGaEmDN8oiCFe2Aq7gB9JR67Cv0v9EgfHRtdG_G9qnIHgjtwsM6NAbf3KiAkEz1LwldoTRyuOsWnBbnoe3tlrqyDBB2s5VH25WWf8KNFnrVUZlVuoXG8IunQlRyx5_0rGKu0bIKo2Nw5ESILQpvUcmvGDPwoSFunJnkhP30EdLKSrwvsrDd2YScud1lg9UJ7IfHB6UPkjVWhqpzpxbiEo2mGqLpo1gxHHHTmrHv85DB8PxhwpveV7SU4UwoTWKrDxH-TysYizhLuVNw7PM58j9sZUnft2AqbGIpm2XIt-XLh8mi1j1W-vT2K7onjCrK6xuKmiu3AOLh9g55GU0gUnwvD6_YKgrvbTxB7-J80oybof_7aazssE.bcpD6fPY4ZUuQveNSGgIoPyXtxdI8gVsBMRACZO2Elg&dib_tag=se&keywords=flexible%2Bwiring%2Bharness&qid=1740945565&sr=8-10&th=1%5C
https://www.amazon.com/Wiring-Harness-Nirider-Driving-Offroad/dp/B07R6CT6WD/ref=sr_1_10?dib=eyJ2IjoiMSJ9.JLUBoa-N5MmCeHidmVNtOL39ibbjmLL7KLkJjPjFK369CwJKv7B1hqH9E9-Evk4DqQbTgMbp4YGsGaEmDN8oiCFe2Aq7gB9JR67Cv0v9EgfHRtdG_G9qnIHgjtwsM6NAbf3KiAkEz1LwldoTRyuOsWnBbnoe3tlrqyDBB2s5VH25WWf8KNFnrVUZlVuoXG8IunQlRyx5_0rGKu0bIKo2Nw5ESILQpvUcmvGDPwoSFunJnkhP30EdLKSrwvsrDd2YScud1lg9UJ7IfHB6UPkjVWhqpzpxbiEo2mGqLpo1gxHHHTmrHv85DB8PxhwpveV7SU4UwoTWKrDxH-TysYizhLuVNw7PM58j9sZUnft2AqbGIpm2XIt-XLh8mi1j1W-vT2K7onjCrK6xuKmiu3AOLh9g55GU0gUnwvD6_YKgrvbTxB7-J80oybof_7aazssE.bcpD6fPY4ZUuQveNSGgIoPyXtxdI8gVsBMRACZO2Elg&dib_tag=se&keywords=flexible%2Bwiring%2Bharness&qid=1740945565&sr=8-10&th=1%5C



