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‭Section 1: Requirements (full document‬‭link‬‭)‬

‭Although the V2 requirements are extensive, there are multiple new requirements we wanted to‬
‭consider, that we believe will improve the user experience of the centrifuge usage.‬

‭Requirement Category 8: New V3 Requirements‬

‭-‬ ‭8.1: Standalone Operation:‬‭The centrifuge will no‬‭longer require a computer for control. Users‬
‭will set RPM and run time via a paired mobile/desktop application. Real-time status updates‬
‭(current RPM and time remaining) will be displayed within the app.‬

‭-‬ ‭8.2 Indication of Termination (sound):‬‭Centrifuge‬‭must successfully audibly notify the user‬
‭upon completion of centrifugation.‬

‭-‬ ‭8.3 Indication of Termination (ping): C‬‭entrifuge must‬‭successfully send a notification to the‬
‭user through the app upon completion of the centrifugation cycle.‬

‭Section 2: Planning‬

‭Similar to V2, we planned V3 in 3 main steps: the proposal, a block diagram, and then the planning of‬
‭tests through our trace matrix. See below.‬

‭a.‬ ‭V3 Project Proposal Final (full document‬‭LINK‬‭)‬

‭b.‬ ‭Block Diagrams (full document‬‭LINK‬‭)‬

‭c.‬ ‭Complete Trace Matrix (full document‬‭LINK‬‭)‬

‭-‬ ‭Please note for our trace matrix, all the updated tests are in‬‭RED,‬‭as we built on the‬
‭already functioning V2 system.‬

‭d.‬ ‭V2 Hazard Analysis Planning (full document‬‭LINK‬‭)‬

‭e.‬ ‭Full Artifacts Drive (‬‭LINK‬‭)‬

https://docs.google.com/document/d/1X2XZ7bxYi6RO7jZJJR5EEhS7b3avpgkS5rURiyOkm9A/edit?usp=sharing
https://docs.google.com/document/d/1EzQnRUVm0cfvCh_WYyD9khywswqzxf81G86Q49ppX9Q/edit?usp=sharing
https://lucid.app/lucidchart/2a65eeaa-a2f9-4aae-a604-daffc17a61a9/edit?viewport_loc=-3626%2C3516%2C9587%2C4952%2C0_0&invitationId=inv_1d6212b5-61e5-40fc-8441-6e4e9dcaa87a
https://docs.google.com/spreadsheets/d/1JBjdCbiGBvfx4Ozcthn_niuFhibt2mX0hTAK71_AldQ/edit?usp=drive_link
https://docs.google.com/document/d/1LXSr78WuZPEKG2RepKW9ut6IEY8UvjuxOaXtGWj8HRo/edit?usp=sharing
https://drive.google.com/drive/folders/1D-J3g1rz0MflGKsRQlE-XJIRPg6p2r2g?usp=drive_link


‭Section 3: Building‬

‭a.‬ ‭Mechanical Parts Build‬
‭To quote Ross regarding the V2 skewer stability system: “I was 100% sure this was going to break. This‬
‭was a terrible idea!” This prompted us to rethink how to use the critically flawed component we had‬
‭already printed–what we referred to as the “fatal skewers.” In V2, these skewers were responsible for‬
‭what we called the “trampoline effect,” in which the motor base would bounce at high speeds. This‬
‭caused major errors in the interrupt protocol because the gap between the photodiode-LED sensor and‬
‭the rotor became too large for the system to register each spin as an interrupt. As a result, the centrifuge‬
‭could not accurately detect its spinning speed. For V3, we decided to repurpose the skewers as part of a‬
‭new design, specifically for positioning the Hall-effect sensor. By keeping the skewers but also‬
‭3D-printing new bases, we were able to mount the sensor less than 1 cm from the rotor base. This‬
‭resulted in a clean signal, which significantly minimized errors in the Arduino’s RPM readings.‬

‭Figure 1.01: Initial Sketch of the V3 box stability design‬

‭Figure 1.1 Centrifuge Lid Components (Onshape)‬



‭Figure 1.11 Spacer‬ ‭LINK‬‭- placed between motor and‬‭rotor board to keep it balanced.‬

‭Figure 1.12 Lid Secure‬‭LINK‬‭- glued on outside of‬‭the lid body so that the lid sits securely‬
‭on the box.‬

‭Figure 1.13 Rotor Cover/Cap‬‭LINK‬‭- hovers over the‬‭center of the rotor board, so that if‬
‭the rotor board moves up the motor shaft, this piece keeps it in place.‬

https://cad.onshape.com/documents/dcbf4945ba21c7e67b35a7d8/w/dcc93e03d7d97d75614f5804/e/606a6b17a22b9f1498630170?renderMode=0&uiState=67c28746d01cb813b1d18913
https://cad.onshape.com/documents/607479b7f4b287f1d39c953b/w/b48faae6c2604826adb60bb6/e/2335862ca115c581d4fb2479?renderMode=0&uiState=67c28728f0df7b79e9357f87
https://cad.onshape.com/documents/c1dbefad34091eea4161ce5c/w/85c8e733e0c0a3f0affa9db7/e/25081a34fdfd13595d5600df?renderMode=0&uiState=67c286fede42422e6582437e


‭Figure 1.14 Centrifuge Lid Body‬‭LINK‬‭- all lid pieces‬‭are attached to this.‬

‭Figure 1.15 Lid handle‬

‭Figure 1.2: Centrifuge Lid Physical Build‬

https://cad.onshape.com/documents/2c049cb4f5f866029e0e7989/w/a7bd634d28e38e074df07277/e/292710c3d7ca96c18dcb3ef8?renderMode=0&uiState=67c2875fde42422e65824500


‭Sits on top of the centrifuge box, and plays an important role in our safety considerations.‬

‭Figure 1.3: Centrifuge Box Components (Onshape)‬

‭Figure 1.31 Wall, no support rods, with chord slot.‬‭LINK‬

https://cad.onshape.com/documents/c725bbd0f4f41a8c366da631/w/afb4fbba51b0ffed9fc837e8/e/31b505c144b3aea65f5696ee?renderMode=0&uiState=67c2877e11d02171e9775754


‭Figure 1.32 Wall, with support rod slots, no chord slot. We cut two of these.‬‭LINK‬

‭Figure 1.33 Wall with LCD Screen.‬‭LINK‬

‭Figure 1.4 Centrifuge Box Components (Physical)‬

https://cad.onshape.com/documents/bd48d2a087518ed060439dd1/w/16f31cf669e4b64b7c9ab30f/e/5b22d721002b4b432d5c08a1?renderMode=0&uiState=67c2879248154165ea05f8ce
https://cad.onshape.com/documents/6e0c2828b2a6d2255634ff9c/w/b7ea056465c80bf8611b8aef/e/e22a2d878d44b7455f4f18ef?renderMode=0&uiState=67c287a8a714381981049dbf


‭Figure 1.41 Wall, no support rods, with chord slot. We peeled off the film for V3, so it is‬
‭transparent.‬

‭Figure 1.42 Wall, with support rod slots, no chord slot. We cut two of these. We peeled off‬
‭the film for V3, so it is transparent.‬



‭Figure 1.43 Wall with LCD screen insert..‬

‭Figure 1.5 Support Rods‬‭LINK‬‭- Two of these go through‬‭the holes in the motor into the holes‬
‭in the walls to hold up the halefect sensor for the sensor subsystem.‬‭(In V2 it was used to support‬
‭motor, but it was not secure enough so now we are using a support apparatus from the bottom for that)‬

‭Figure 1.6 Tube Holders - The elongated bottom part serves no additional purpose in V3.‬
‭(V2: The elongated bottom part is used to block the light from the LED to the phototransistor every time it‬
‭makes a rotation)‬

https://cad.onshape.com/documents/9be4d0927ee83809709503d4/w/85c0423809c68d21828a9935/e/4dc934d96c798da0a8eb7374?renderMode=0&uiState=67c287c1fba0b20ad7eb2c3c


‭Figure 1.61 Onshape Tube Holder‬‭LINK‬‭We printed two‬‭of these.‬

‭Figure 1.62 Physical Tube holder‬

‭Figure 1.7 Rotor Board‬‭LINK‬

https://cad.onshape.com/documents/ebf546c3d647f94ca8d03871/w/bee839fea31b00bd0bbc01ce/e/af9f0577bad0ab145d3fc83e?renderMode=0&uiState=67c287e2c63e2e16ece30312
https://cad.onshape.com/documents/19df41dd79a6d0e6b0f22587/w/1af9db31db8a032d97fb57f3/e/5ddcf8abc3c1f99ba2a17275?renderMode=0&uiState=67c287f49311ed781b868c94


‭Figure 1.71 Onshape Rotor Board‬

‭Figure 1.72 Physical Rotor Board‬

‭Figure 1.73 Rotor Board, Tube holders, Tubes, and Magnets‬

‭Figure 1.8 Support Apparatus/Bottom of Box‬‭LINK‬

https://cad.onshape.com/documents/0700abc7246870e1067824a8/w/871adffdd2be2db7bb559df7/e/92a5e51a78430edac9c73152?renderMode=0&uiState=67d0c85750c8244d946536e9


‭Figure 1.81 Base of box, connected to support apparatus.‬

‭Figure 1.82 Onshape measurements for support apparatus. It has one larger prism as the‬
‭base of the apparatus, then a smaller prism on top of it with a hole like structure to the‬
‭piece that the motor sits in so that wire could still be connected to the base of the motor‬



‭while it was secured. Click on the link to see full design clearly.‬

‭Figure 1.83 Full onshape design for support apparatus and bottom.‬

‭Figure 1.84 Physical bottom of box/support apparatus.‬



‭Figure 1.9 Full Assembly‬

‭Figure 1.91 Side view of full centrifuge assembled.‬

‭Figure 1.92 Top View of full centrifuge assembled.‬



‭Figure 1.93 Full centrifuge assembled from front.‬



‭b.‬ ‭Electrical Build Parts‬

‭Brief Reflection:‬
‭-‬ ‭Initially, our circuit diagram was cluttered, inefficient and contained a redundant comparator.‬

‭Throughout our build process we changed the system quite a bit, and you can view our first‬
‭iteration of the circuit‬‭here‬‭.‬

‭Figure 2.11: Circuit Diagram for the V3 Centrifuge (see below)‬
‭-‬ ‭Full Link to Online‬‭Software‬
‭-‬ ‭Full Link to Clearer‬‭Images‬

https://drive.google.com/file/d/1EL5BANoCDlOWIJ1j52mQI3PRjWTakgro/view?usp=drive_link
https://circuitcanvas.com/p/e31dmxqvrqasm892zfh?canvas=schematic
https://drive.google.com/drive/folders/19VzkydUySYu1xaKRB7FP8qcvLijk1qZL?usp=drive_link


‭Figure 2.12: Built Circuit Without Raspberry Pi Connection (‬‭LINK‬‭)‬

https://drive.google.com/file/d/1_5YXlY9hM-_-8CkDzsOOmbR3Tsq-wlLp/view?usp=drive_link


‭c.‬ ‭Programming Build Parts‬
‭GITHUB REPO LINK‬
‭User Flow PowerPoint Manual‬

‭Section 4: Testing‬

‭a.‬ ‭Trace Matrix Sample (‬‭full document‬‭)‬
‭-‬ ‭Please note for our trace matrix, all the updated tests are in‬‭RED,‬‭as we built on the already‬

‭functioning V2 system.‬

‭Figure 4.11: Sample Trace Matrix‬

https://github.com/Samyag004/BioE123
https://docs.google.com/presentation/d/1TF1_6fN_3Jr66ofKeNWKwZRg8x3Tbtl4r9wzwO4GxLY/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1JBjdCbiGBvfx4Ozcthn_niuFhibt2mX0hTAK71_AldQ/edit?usp=sharing


‭b.‬ ‭Testing Matrix Sample (‬‭full document‬‭)‬

‭Figure 4.12: Sample Test Matrix‬

‭c.‬ ‭Hazard Testing Sample‬

‭Figure 4.13: Sample Hazard Testing Table‬

https://docs.google.com/spreadsheets/d/1JBjdCbiGBvfx4Ozcthn_niuFhibt2mX0hTAK71_AldQ/edit?usp=sharing


‭Section 5: Assessing‬

‭a.‬ ‭Testing Speed Control (full‬‭link‬‭)‬

‭Figure 5.11: Stability of PID System at 1500 RPM‬

‭Figure 5.12: Stability of PID System and Error Across all 0-1500 RPM‬

https://docs.google.com/spreadsheets/d/1ywoyonwqQmUU0lp4GXO2QsMcyUBPMBMnEWQWMZKhCSE/edit?usp=sharing


‭b.‬ ‭Requirement Analysis‬
‭The V3 centrifuge was tested against the necessary requirements to ensure functionality, safety, and‬
‭performance. The following table assesses whether each requirement is fully, partially, or insufficiently‬
‭covered, and if any further work is needed.‬

‭Requirement Type‬ ‭Requirement Name‬ ‭Assessment‬ ‭Future‬
‭Changes/Improvements‬

‭1. Sample‬
‭Containers‬

‭1.1 Container volumes‬
‭1.2 Number of containers‬

‭The system holds and spins the‬
‭sample containers required, full and‬
‭empty. The same base and holders‬
‭from V1 were used for V2 and were‬
‭used throughout testing. In V3, we‬
‭improved the stability of the rotor‬
‭base by ensuring the motor fits‬
‭securely into the support.‬

‭A future version could‬
‭include making a new rotor‬
‭base with more tube holders.‬

‭2. Centrifugation‬
‭Parameters‬

‭2.1.1 Rotational speed‬
‭range‬
‭2.1.2 Speed setting‬
‭increments‬
‭2.1.3 Speed setting‬
‭accuracy‬
‭2.1.4 Rotational speed‬
‭ramp-up‬
‭2.1.5 Rotational speed‬
‭ramp-down‬
‭2.1.6 Stability of rotational‬
‭speed‬
‭2.2.1 Duration range‬
‭2.2.2 Duration setting‬
‭increments‬
‭2.2.3 Duration setting‬
‭accuracy‬

‭The centrifuge met the requirements‬
‭for ramp up/down, speed increment‬
‭setting, speed accuracy, and duration‬
‭setting/range through the Arduino‬
‭code. For V3, we improved‬
‭mechanical stability with a secured‬
‭base and motor mount to minimize‬
‭vibrations affecting speed readings‬
‭which was successful.‬

‭No significant changes‬
‭needed‬



‭3. Operating‬
‭Commands‬

‭3.1 Initiation command‬
‭3.2 Cancellation command‬

‭Both commands work for the‬
‭centrifuge. Ramp up and Ramp‬
‭down happen within the 30 sec‬
‭initiation time.‬

‭No major changes planned,‬
‭as the command system is‬
‭functioning correctly.‬

‭4. Indicators‬ ‭4.1 Completion of‬
‭centrifugation‬

‭The completion of centrifugation is‬
‭indicated in the serial monitor with a‬
‭message "Centrifugation complete.‬
‭System waiting."‬
‭On the Lcd “Time’s up! Ramping‬
‭down… Motor OFF”‬

‭A future version can‬
‭implement the originally‬
‭proposed speaker system‬
‭with a termination sound.‬

‭5. Test Samples‬ ‭5.1 Anticoagulated blood‬
‭5.1a Tomato juice with oil‬
‭and Vaseline‬
‭5.2 Water with turmeric‬

‭The centrifuge performed well with‬
‭turmeric samples but struggled with‬
‭fully pelleting the blood samples. In‬
‭V3, we optimized speed settings, but‬
‭blood separation still takes longer‬
‭than expected.‬

‭Future testing should‬
‭explore different speed/time‬
‭settings for samples of‬
‭varying viscosities. A faster‬
‭motor may be implemented‬
‭in a future version.‬



‭6. General Safety‬ ‭6.1 Single fault condition‬
‭for centrifuge‬
‭6.2 Specific hazardous‬
‭situations‬
‭6.3.1 Leakage of liquid‬
‭6.3.2 Locking of moving‬
‭parts‬

‭The centrifuge has various safety‬
‭features. The V3 design maintains the‬
‭emergency kill-switch and separation‬
‭of electrical and motor/sample‬
‭systems. The system also continues to‬
‭meet safety requirements by having‬
‭an enclosed box. The switch from‬
‭rods to a fixed motor base allowed for‬
‭further 6.3.2 success..‬

‭Future models may include a‬
‭separate enclosed‬
‭compartment for the‬
‭electrical subsystem to‬
‭prevent electrical safety‬
‭concerns.‬

‭7. Protection‬
‭Against‬
‭Mechanical‬
‭Hazards‬

‭7.1 Mechanical hazards‬
‭associated with moving‬
‭parts‬
‭7.2.1 General‬
‭7.2.2 Instability -‬
‭overbalance‬
‭7.3.1 General‬
‭7.3.2 Spillage on centrifuge‬

‭The box enclosure for the centrifuge‬
‭continues to provide protection‬
‭against moving parts. The lid‬
‭attachment helps prevent rotor‬
‭detachment. V3 changes included‬
‭securing the base to improve overall‬
‭stability. The system remains stable‬
‭when tilted at ~5 degrees without‬
‭breakdown.‬

‭Again, a future version may‬
‭explore an enclosure that‬
‭contains all subsystems.‬

‭8. New V3‬
‭Requirements‬

‭8.1 Standalone operation‬
‭8.2 Indication of‬
‭termination (sound)‬
‭8.3 Indication of‬
‭termination (ping)‬

‭V3 proposed new features including‬
‭auditory alerts for cycle completion,‬
‭bluetooth control, and an LCD‬
‭display. The LCD display was‬
‭successfully implemented, displaying‬
‭a welcome message,e ramping up and‬
‭rpm monitoring screen, and a‬
‭ramping down/completion screen.‬
‭The speaker system was not‬

‭A future version would‬
‭explore the addition of a‬
‭speaker that will play sounds‬
‭throughout the‬
‭centrifugation process‬
‭indicating start, spin, and‬
‭termination. It would also‬
‭include a function app,‬
‭perhaps instead using a web‬



‭implemented due to lack of time and‬
‭the app had some bugs that could not‬
‭be resolved by the time of the final‬
‭presentation.‬

‭server instead of a bluetooth‬
‭connection to reduce‬
‭Network connectivity issues.‬

‭Evidence of improvement in speed efficiency and error mitigation‬
‭V2‬
‭V3‬

‭c.‬ ‭Conclusion‬
‭As shown in the diagrams above, we were able to significantly improve the accuracy of our‬

‭sensor system compared to V2. From Figure 5.11, there is an average sensor error of 8.14% and an‬
‭average speed error of 3.63%. This marks a substantial improvement over V2, as it now allows the‬
‭Arduino to accurately determine how fast the motor is spinning. The process we followed was quite‬
‭unique, because our V2 system relied on an LED-phototransistor to generate a square wave signal that‬
‭had to be cleaned using a comparator. As demonstrated in this presentation (‬‭link‬‭), the V2 system‬
‭experienced numerous issues with sensor stability, likely stemming from both mechanical and‬
‭electronic errors. By implementing a new mechanical design and a new sensor system, we were able to‬
‭correct these issues. Our initial plan for the new sensor system involved using a Hall-effect sensor‬
‭feeding into a comparator. However, we soon discovered the comparator introduced more noise than it‬
‭filtered out. As a result, we increased the pull-up resistor on the Hall-effect sensor and removed the‬
‭comparator entirely. This was a good demonstration of engineering because it eliminated a redundant‬
‭component while improving performance. Furthermore, what was initially a mechanical flaw in‬
‭V2—the skewers—proved to be advantageous as a means of positioning the Hall-effect sensor. Placing‬
‭the sensor less than 1 cm from the rotor base provided a clean signal, minimizing errors in the RPM‬
‭readings through the Arduino’s interrupt protocol.‬

‭During our efforts to create a user interface that operated without a computer in the loop, we‬
‭encountered several issues that prevented us from achieving all of our goals. While Raspberry Pis are‬
‭versatile, they are still relatively simple computers and, combined with our limited time frame, we‬
‭found ourselves repeatedly facing connectivity problems. As we learned from other groups, a‬
‭Raspberry Pi’s Bluetooth functionality relies on a stable Wi-Fi connection associated with a consistent‬
‭IP address. Stanford’s highly secured and robust network required us to connect the Raspberry Pi to a‬
‭separate, dedicated router. Unfortunately, we discovered this requirement too late, leaving insufficient‬
‭time to reroute our system accordingly. Consequently, we continued to experience the same‬

https://docs.google.com/spreadsheets/d/1AY5CmbgMKCRbb1WoyA9Qmd3flSx71hrO7UZLK9B8j9U/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1ywoyonwqQmUU0lp4GXO2QsMcyUBPMBMnEWQWMZKhCSE/edit?usp=sharing
https://docs.google.com/presentation/d/11M2ByM1Rz9mtHIhs3BkbtrBT8-83ekTyWo4Z9JZHdzs/edit?usp=sharing


‭connectivity errors when trying to deploy our JSX (React Native) app. Similarly, we had problems with‬
‭the speaker, which we later learned was to do with a wiring issue, and yet again another Raspberry‬
‭Pi–connectivity error because we wanted to store sounds on our 4Gb SD card. Ultimately, we focused‬
‭our energy on a higher accuracy sensor system. If we had the time to improve on a V4, we would focus‬
‭primarily on insuring the computer out of the loop design.‬


