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Executive Summary 

In the healthcare industry, surgical tools are used by doctors and surgeons daily, and it is vital for 

these tools to be sterilized after each use to prevent infections caused by pathogens and bacteria [2]. The 

sterilization process is usually done through an autoclave, which can be challenging for individual 

healthcare workers to consistently manage. However, robotic-device assistance can enhance this process 

by safely transferring the surgical tools to their specified autoclave for sterilization [2].  

The main objective of the “Get a Grip” project was to design a robotic arm system that transfers 

surgical tools that are placed in a specifically designed container into their designated autoclave for 

sterilization [3]. To create this system, students were split into a modeling sub-team, and computing sub-

team. The modeling sub-team utilized Autodesk Inventor to design a solid model of the proposed 

sterilization container, and the computing sub-team utilized Python to design a computer program that 

would control the movement of the robotic arm to safely pick up and transfer a container for sterilization 

[3]. During this process, the modeling sub-team had to ensure that the design was durable, and efficient to 

withstand the sterilization process. This meant to consider the build of the container, and the materials used 

to guarantee a durable container that weighed under a threshold of 350g. On the other hand, the computing 

sub-team had to ensure that the process of transferring the container was safe and reliable. This was done 

by creating a variety of functions that made up the general algorithm of the system such as a “drop_off” 

function, “rotate_base” function, and “spawn_container” function by utilizing the Q-Arm specific code and 

general python programming. Together, both sub-teams created a general flow for the robotic arm system 

to effectively perform its functions.  

This project served as an opportunity for students to explore rapid prototyping and physical 

computing by developing a system that uses remote sensing and actuation to assist healthcare workers. By 

eliminating the need of directly placing surgical tools into the autoclave, the project's robotic arm can 

eliminate the burden of efficiently transferring these instruments for sterilization. Furthermore, the Q-Arm 

system not only enhanced the sterilization process but also reduced the risk of potential contamination from 

pathogens and bacteria, offering a safer method for healthcare workers to maintain the sterility of their 

tools. 
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Main Body 

Summary of Design Objectives  

Table 1 Objectives, Constraints and Functions Table 

 
Background and Research Summary  

 The main objective of this design project was to create a container to hold a surgical tool and to 

write a computer program that instructs a robotic arm to move the container to an autoclave. The container 

and the computer program were to be used for health support on the first crewed mission to the moon called 

Artemis II [3]. The main objectives for the container were that it should be able to securely hold a surgical 

tool in place, the shape of the container should have allowed it to be easily picked up by a robotic arm for 

transfer, and that it should allow complete sterilization of the surgical tool [3]. The mission will have access 

to limited resources once it left earth meaning that the surgical tools had to stay in peak condition for each 

use, the container had to be able to securely hold the tool in place to prevent any damage during transport 

between the autoclave and when it was being used. While the space mission was manned the crew used 

robotic assistance for many tasks including in the health support which is why the container be shaped so 

that the robot arm effector will be able to grip it securely for transport [3]. After use, the surgical tool was 

susceptible to many bacteria and fungi, to eliminate the risk of these health concerns the container had to 

be designed in a way that allowed steam to penetrate every surface of the tool, cleaning it of any foreign or 

dangerous organisms. The objectives for the computer program were that it should be able to operate a 

Objectives Constraints Functions 

Safely pick-up box. Q-Arm should not break/drop the 
box. 

Box allows tool to be sterilized 
on all surfaces. 

Durable  Dimensions of each box to weigh 
below 350g. 

Box securely holds surgical 
tool. 

Efficient  Cannot be slow during transfer. Able to safely transfer the box to 
sterilization area  

Simple design  Shape of box – can only fit one 
tool 

Maintains organization of tools. 

Safety to deliver the tool Smaller boxes must be smaller or 
equal or less than 80mm in width 
and larger boxes must be 150mm 
or less in width. 

Not drop the box through 
delivery 
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robotic arm using two virtual potentiometers [3]. The virtual potentiometers and the program allowed the 

sterilization to be completed with minimal effort and helped prevent foreign or dangerous organisms from 

infecting the surgical tool after sterilization. Overall, the container design and the computer program were 

designed to allow minimal human interaction during the space mission. 

Description of Proposed Solution 

 In the creation of the bone-saw container, Autodesk Inventor was utilized as the primary modelling 

software. The extrusion technique was employed to create the basic shape of the container, using precise 

measurements to ensure a snug fit for the bone-saw (Figure 1). The rectangular pattern created the basis of 

the design to add additional sterilization functionality. In addition, the fillet tool was used to round off the 

edges of the container, enhancing both its aesthetic appeal and its safety for handling. Ensuring a proper fit, 

the assembly feature played a crucial role in confirming the precise fitting of the bone-saw within the 

container, ensuring that the design not only met the requirements but fell within our constraints. 

 

Figure 1. Top View of model 

 The fabrication of the model involved 

preparing the G-code, slicing the model 

virtually, and preparing it for printing, this 

process took 45-60 minutes. Although the 

model was printed using PLA, the 

optimized material under our chosen MPI 

would be stainless steel. Due to its, heat 

resistant and medical grade properties, it 

performs the best under the price and 

density limitations. 

 The code for both the pickup and transfer process was created using the commands in the Python 

documentation library and functions learned in the lab portion of the course. First the position of the pickup 

location and home location were determined, then the move arm function was used with the coordinates 

previously found. After the arm moved the time sleep, gripper control, and move arm functions were used 

completing the pickup portion of the code. The transfer function and the drop off functions were created 

together, they were created using a series of if, elif, and or statements. Before the statements were utilized 

the coordinates of each drop off location were determined with the same process for the pickup location. 
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The statements determined which coordinate the container went to and what values the potentiometer had 

to be between depending on if it was large or small and what colour the containers were. While statements 

were also used to determine if the potentiometers were in the correct range so they could initiate the drop 

off function. 

Strength and Limitations of Design 

The design was based on the shape of the tool it will hold (Bone Saw) and the dimensions of the design 

were chosen with two main factors in mind. The design should provide a snug fit of the bone saw, while 

being big enough to place the bone saw in it. At the same time, the design should minimize the mass and 

amount of material used which in turn leads to lower cost. Both these factors are correlated however 

considering them both added strengths as well as some limitations to the design. 

Strengths 

The design performs an exceptional job at minimizing mass and quantity of material used due to the sheer 

amount of sanitation holes that decreased the total mass considerably. There were 200 holes in the box 

(Figure 2) that decreased the overall mass from 177g to 104g [3] (Figure 3). The second way our design 

minimized the mass and quantity of the container was to make the container fit well to the bone saw. Figure 

4 demonstrates that there was minimal space between the edges of the bone saw and the walls of the 

container. This means there was minimal waste of material, and the design can also fit the bone saw 

comfortably.  

Limitations 

With the above strengths also come certain limitations in the design. The thin walls of the box cause minor 

issues with rigidity when gripped robustly externally. This design is built well to be a holder for sanitation 

and to go into a footprint. However, if the container itself was gripped then it could deform if pressed too 

hard. Some other minor limitations of the box are a lack of padding and slight excess of space near the 

bottom of the container which could mean the bottom, heavier end of the bone saw might be moving around 

slightly when being transferred within the footprint. The other limitation in the design is the holes that were 

made for the lid. The holes need to be perfectly aligned with the extrusions on the lid which could make it 

slightly challenging to place the lid on the box.  

Conclusion 

Overall, the strength of the design was its capability of minimizing its mass and material while providing a 

snug fit to the bone saw. This was our main objective from the initial stages of the project and if the 
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performance of the design was based solely on how well the objectives were reached, the design has 

surpassed the expectations. However, minor limitations such as the rigidity, lack of padding and the 

placement of the lid are areas of improvement for the design which can make it an ever better overall 

product. 

 
Figure 2. Top View of Design 
 

 
Figure 3. View of box without holes with iProperties. 
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Figure 4. Distance from edges. 
 
 

Summary of Contributions 

Table 2: Contributions 

Group member Position Contributions in Design Report 

Furqaan Khurram Qamar Admin 2 Source Materials Database, Strength and 
Limitations of Design, Modelling Design 
Studio Worksheets, Final Report Review, 
Division of Tasks with Shadi, Creating 
preliminary and final design. 

Shadi El-Fares Coordinator As coordinator, I maintained a database of 
meeting notes, ensuring to capture key talks 
and decision for future reference. I also kept 
a record of additional discussion, noting 
unplanned chats and ideas to contribute to 
the project. Outside the maintenance of team 
dialogue, I collaborated with Furqaan to 
create the preliminary design.  

Jennifer Duong Admin 1 Final Gantt Chart, Executive Summary, 
Summary of Design Objectives, Computing 
Design Studio Worksheets 

Jessica Ricafort Manager Preliminary Gantt Chart, Weekly Design 
Studio Agendas, Background and Research 
Summary, Description of Proposed 
Solutions(computing) 
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Healthcare, https://www.statmedicalcanada.com/blog/blog/understanding-stainless-steel-
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[2] “The Importance of Sterilization for Surgical Tools”, Arbutus Medical, 
https://arbutusmedical.com/blog-the-importance-of-sterilization-for-surgical-tools/ 
(accessed Dec.3, 2023) 

[3] P2 - Project Module, McMaster University, Hamilton, Canada, 2023 
[4] Autodesk® Inventor 2024 LT™ software, Autodesk, Inc, 2023 (www.autodesk.com). 
[5] Ansys GRANTA EduPack software, ANSYS, Inc., Cambridge, UK, 2023 

(www.ansys.com/materials) 
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Appendices 

Appendix A: Project Schedule 

Preliminary Gantt Chart: 

 

Final Gantt Chart: 

 

Logbook of Additional Discussions:  

[10/26 7:03 PM] Furqaan Khurram Qamar 

"Today's files have been submitted." 

[11/2 6:21 PM] Jennifer Duong 
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"I have submitted the computing milestone 2." 

[11/2 7:39 PM] Furqaan Khurram Qamar 

"The modelling has also been submitted." 

[11/8 9:27 PM] Shadi El-Fares 

"Jessica Ricafort, the notes from the interview were taken on your laptop while the TA was 
helping you set up the Quanser environment. Were these notes taken in the Teams worksheet file 
or in a different document?" 

[11/8 9:30 PM] Jessica Ricafort 

"The notes are in a Word document on my laptop. I'm not sure how to share it." 

[11/8 9:32 PM] Shadi El-Fares 

"No worries, we will share it tomorrow. We just have to make it available." 

[11/9 5:08 PM] Jennifer Duong 

"For next week." 

[11/10 9:00 PM] Furqaan Khurram Qamar 

"I have shared pictures of the modelled container." 

[11/10 9:00 PM] Furqaan Khurram Qamar 

"Okay, I was bored and did some work on the container." 

[11/10 9:01 PM] Furqaan Khurram Qamar 

"I'm thinking of making the cover sort of netted as well." 

[11/10 9:01 PM] Furqaan Khurram Qamar 

"Let me know if there are any improvements I can add." 

[11/10 9:04 PM] Shadi El-Fares 

"Great job, but could you make it rounder?" 

[11/10 9:04 PM] Shadi El-Fares 
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"I have shared the meeting minutes." 

[11/25 11:02 AM] Shadi El-Fares 

"Jessica Ricafort, I'm going to add one for Nov. 23 in a second." 

[11/25 12:36 PM] Shadi El-Fares 

"Jessica Ricafort, please send a picture of the current 3-D printed model in this group chat as 
soon as possible." 

[11/25 12:37 PM] Jessica Ricafort 

"I am out until about 4:30. Can you wait until then?" 

[11/25 12:37 PM] Shadi El-Fares 

"Yes, no worries. Just make sure it's done today, please." 

[11/25 12:38 PM] Jennifer Duong 

"Guys, for the materials assignment, are there instructions on what to do?" 

[11/25 12:38 PM] Jessica Ricafort 

"It's in the project module." 

[11/25 12:38 PM] Jennifer Duong 

"Because I can't find it anywhere." 

[11/25 12:38 PM] Jennifer Duong 

"Oh." 

[11/25 12:38 PM] Jennifer Duong 

"Oh my god." 

[11/25 12:38 PM] Jennifer Duong 

"That's smart." 

[11/25 12:38 PM] Jennifer Duong 

"Thank you." 
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[11/25/ 3:54PM] Shadi El-Fares 

"Also: Project 2 Design Project Report is due on Wednesday, December 6." 

[11/25/ 6:18PM] Furqaan Khurram Qamar 

"I have shared the final design report template." 

[11/25/ 6:18PM] Furqaan Khurram Qamar 

"There it is." 

[11/27/ 9:43 AM] Jessica Ricafort 

"Hey everyone! What day works best for our project interview? We need a 30-minute timeslot 
between Thursday, November 30th and Wednesday, December 6th (9:00am – 5:00pm EST)." 

[11/27/ 10:54AM] Shadi El-Fares (In-Response to Jessica) 

"Is this online or in-person?" 

[11/27/ 10:54AM] Jessica Ricafort 

"It's in person at ETB." 

[11/27/ 10:58 AM] Shadi El-Fares 

"6PM on December Thursday following the design studio is best for me and Furqaan. We are 
station number 5 for the arm challenge. It's worth 1 mark." 

[11/27 11:47 AM] Jessica Ricafort 

"There are no times past 5pm and all the 5 pm slots are booked." 

[11/27/ 12:12 PM] Shadi El-Fares 

"Furqaan Khurram Qamar, is 4:00pm on December 6th okay?" 

[11/27/ 12:15 PM] Furqaan Khurram Qamar 

"Sure, yeah." 

[11/27/ 12:15 PM] Furqaan Khurram Qamar 

"Wait, that is during my econ lecture. Give me a second." 
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[11/27/  12:15 PM] Furqaan Khurram Qamar 

"Is 3:30-4 okay?" 

[11/27/ 12:17 PM] Jessica Ricafort 

"That works for Jen and I." 

[11/27/ 4:46 PM] Jessica Ricafort 

"Shadi El-Fares, Furqaan Khurram Qamar, is it okay to book the interview for 3:30 - 4 on 
December 6?" 

[11/27/ 5:27 PM] Shadi El-Fares 

"Yes, it is." 

[12/1/ 1:21 PM] Shadi El-Fares 

"Also, Jennifer Duong, Jessica Ricafort, closer to 4PM today, the distribution of final deliverable 
work will be posted." 

[12/1/5:17 PM] Furqaan Khurram Qamar 

"I have shared a picture." 

[12/1/ 5:17 PM] Furqaan Khurram Qamar 

"Here is the outline of everything we're supposed to have done." 

[12/1/ 5:17 PM] Furqaan Khurram Qamar 

"We tried dividing the work fairly and based on what everyone did for P2." 

[12/1/ 5:17 PM] Furqaan Khurram Qamar 

"We should be done with this around Monday since it isn't much work individually." 

[12/1/ 5:18 PM] Furqaan Khurram Qamar 

"Jennifer Duong, if you could send me all the computing team files, I can add them all together 
and submit them." 

[12/1/ 5:19 PM] Jennifer Duong 

"Okay, that sounds good." 
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[12/1/ 5:23 PM] Jennifer Duong 

"I'm going to look over the rubric for the code one more time before I send the final files." 

[12/1/ 5:23 PM] Jennifer Duong 

"I'll send them by tonight though." 

[12/2/ 2:12PM] Furqaan Khurram Qamar 

"Jennifer Duong, the project module says we have to submit individual files as well. I think we 
have to add our individual sheets for computing and modelling. I will compile a modelling PDF 
with the team and my individual files. Could you do the same with the computing files? Thank 
you." 
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Appendix B: Scheduled Weekly Meetings 

Thursday November 2, 2023 

Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Jessica Ricafort ricaforj Yes 

Administrator Jennifer Duong Duongj21 Yes 

Coordinator Shadi El-Fares elfaress Yes 

Administrator Furqaan Khurram 

Qamar 

khurramf Yes 

    

Agenda Items 

1. Attendance and updates 
2. How the predesign studio activities went 
3. Any questions and concerns about the project so far 
4. Action items for next meeting 
5. Wrap up 

Meeting Minutes 

 Presenting the cad-design, elaborating on the mesh design, grip-sockets. Elaborated on design-
constraints and how we choose the design of our box. 

 Slight difficulty to get adjusted to defining the correct functions for the q-arm. Looking for procedure/ 
pseuocode to begin defining the functions. 

 Advise from TA would be to attend design studio office hours, look into documentation 

Post-Meeting Action Items 

 Complete Preliminary Model {Furqaan & Shadi} 
 Prove the justification of design features {Furqaan and Shadi} 
 Become adjusted with Q-arm interface {Jessica & Jennifer} 
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Thursday November 9, 2023 

Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Jessica Ricafort ricaforj Yes 

Administrator Jennifer Duong Duongj21 Yes 

Coordinator Shadi El-Fares elfaress Yes 

Administrator Furqaan Khurram 

Qamar 

khurramf Yes 

    

Agenda Items 

1. Attendance and updates 
2. How the predesign studio activities went 

a. Questions about pre design studio activities  
3. Any questions/concerns about what is being worked on in design studio 
4. Any questions/concerns about project overall 
5. Wrap up 

Meeting Minutes 

 Preparation for next weeks design review 
 Constraining the design of the container with the tool. 
 Smallest dimension of the container? (45mm)  

o No part should be less than 2mm for printing 
 Learning how to mesh the box (will reduce weight amount) 
 Reviewing Coding teams pseudo-code. 
 Double checking final objective. 

o Greenlight on pseudo-code. 
 Familiarizing syntax with coding team. 

o Receiving a run-through of how the functions will interact with each other. 

Post-Meeting Action Items 

 Design team: Mesh the box 
 Make sure we have no dimension less than 2mm. {Design Team} 
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 Begin the writing of the code {Coding Team} 
 
 

Thursday November 16, 2023 

Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Jessica Ricafort ricaforj Yes 

Administrator Jennifer Duong Duongj21 Yes 

Coordinator Shadi El-Fares elfaress Yes 

Administrator Furqaan Khurram 

Qamar 

khurramf Yes 

    

Agenda Items 

1. Attendance and updates 
2. How the predesign studio assignment went 

a. Questions about pre design studio assignment 
b. Concerns about any aspects of assignment  

3. Any questions/concerns/clarification needed about what is being worked on in design studio 
4. Any questions/concerns/clarification about project overall 
6. Wrap up 

Meeting Minutes 

 The overall design is good, however the separation between each square spacing is too thin. 
 When printing, we should change it to the 4mm for it to be good printing quality, it will take an hour 

to print which is ample time. 
 Coding feedback is waiting: 

o No use of potentiometer, the code runs perfectly fine for the use of functions but needs to 
incorporate the conversion of potentiometer revolutions to degrees. 

o Use time.sleep() function and utilize potentiometer to drop the box. 
o Using the sample solution to incorporate the rotation of the base and drop of the box. 

Post-Meeting Action Items 

 Print the box. 
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 Use potentiometer. 

Thursday November 23, 2023 

Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Jessica Ricafort ricaforj Yes 

Administrator Jennifer Duong Duongj21 Yes 

Coordinator Shadi El-Fares elfaress Yes 

Administrator Furqaan Khurram 

Qamar 

khurramf Yes 

    

Agenda Items 

1. Attendance and updates 
2. Any questions/concerns/clarification needed about what is being worked on in design studio 
3. Any questions/concerns/clarification about project overall 
4. Wrap up 

Meeting Minutes 

 G code was approved and design was sent to the printer 
 Coding feedback: 

o Potentiometer is being used but incorrectly 
 It moves the q arm in the wrong direction 

o The code did not run smoothly in front of the TA so there will be a deduction to the final mark 
for project 2 

Post-Meeting Action Items 

 Cut the box out of the structure from when it was 3d printed 
 Attend office hours and watch the potentiometer video to better understand how to use it 
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Appendix C: Source Materials Database 

1. “Understanding stainless steel in healthcare,” Understanding Stainless Steel in Healthcare, 
https://www.statmedicalcanada.com/blog/blog/understanding-stainless-steel-in-healthcare 
(accessed Dec. 2, 2023). 

2. “The Importance of Sterilization for Surgical Tools”, Arbutus Medical, 
https://arbutusmedical.com/blog-the-importance-of-sterilization-for-surgical-tools/ (accessed 
Dec.3, 2023) 

3. GRANTA EduPack software, ANSYS, Inc., Cambridge, UK, 2023 (www.ansys.com/materials) 
4. Autodesk Inventor 2023 software, Autodesk Inc., San Francisco, USA, 2023 

(https://www.autodesk.com/ca-en/products/inventor/overview)  

5.   
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Appendix D: Design Studio Worksheets 

Modelling (Individual and Team Submissions) 
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Computing (Individual and Team Submissions) 
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