
The Write Pen
DP4 - It’s Not a Pun it’s Real Life
Team 21
Katie DeMelo, Emily Kim, Elizabeth Evans, Hannah Culhane
April 9th, 2020

[bookmark: _5zj50sip4u9d]
[image: ]



Table of Contents

Academic Integrity Statement :	3
Background and Research Summary:	4
Materials:	4
Design and Ergonomics:	4
Need Statement:	5
Product Identification:	5
Usage:	5
Standards and Safety:	6
Life Cycle:	6
Production Cost:	7
References :	8
Appendices:	10
Customer Requirements	10
Engineering Specifications	10
QFD Chart	10
Proposed Design Solutions	11
Concept Evaluation	12
First Prototype	12
Revised Sketches	12
Second Prototype	13
[bookmark: _eix45iguia7m]

[bookmark: _b9t5qabd5wyp]Academic Integrity Statement :
The student is responsible for performing the required work in an honest manner, without plagiarism and cheating.  Submitting this work with my name and student number is a statement and understanding that this work is my own and adheres to the Academic Integrity Policy of McMaster University.
Submitted by Elizabeth Evans, 400259424                       	      		  	

The student is responsible for performing the required work in an honest manner, without plagiarism and cheating.  Submitting this work with my name and student number is a statement and understanding that this work is my own and adheres to the Academic Integrity Policy of McMaster University.[image: ]
 Submitted by Hannah Culhane, 400241821                    	        	 

The student is responsible for performing the required work in an honest manner, without plagiarism and cheating.  Submitting this work with my name and student number is a statement and understanding that this work is my own and adheres to the Academic Integrity Policy of McMaster University.[image: ]
 Submitted by Emily MinJae Kim, 400213481                           	        	

The student is responsible for performing the required work in an honest manner, without plagiarism and cheating.  Submitting this work with my name and student number is a statement and understanding that this work is my own and adheres to the Academic Integrity Policy of McMaster University.
Submitted by Katie DeMelo, 400251472                         	        	
 


[bookmark: _wd4pg8s98myr]
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[bookmark: _1mszisa9vrwg]Materials:
Aside from the printer filament that would be needed to engineer our prototype, which is a standard polylactic acid (PLA) that is non-toxic and biodegradable [1], there were two additional components added to improve the comfort and ergonomics of the design solution. 
The first addition is the grip within the compartment that holds the writing utensil. We considered a pump system similar to air mattresses [2], however the air mattress systems are very complicated as they must have a one way valve that holds air well enough to not deflate but is also easy enough to deflate by Ms. Liu, even on days where her joints are inflamed. Instead we decided that the grip would be made out of a semi-dense foam to allow for stretch but still prevent the pen or pencil from falling out. Foam is a common material used for pencil grips currently,  so it will work for the application we intend to use it for [3]. Foam offers a lightweight solution to Ms. Liu’s complications with grip strength which will help to make the device easier to use for her. Foam is also a material that is able to be engineered in many different ways, changing the porosity, density and firmness can change a foam for many different applications [4]. By using a foam we keep our option open to developing a device that is relatively adjustable to a range of diameters.
	The second component added to the basic 3D printed version of our prototype was a memory foam lining added into the hand compartment. Memory foam is another material that 
can be engineered for many different purposes. There are 3 main types of memory foams: traditional, open cell or gel. We have chosen to use a gel technology as the gel can help to repel heat from the body which will also help to cool her inflamed joints. Gel memory foam has been compared to ice packs in regard to its cooling effect. This is very beneficial as her inflamed joints could be soothed by the device while she is still able to be productive.

[bookmark: _jsel3dfty93b]Design and Ergonomics:
	Our prototype design arose after careful consideration of natural hand placements and the force that the device will have to be able to withstand. We decided on a single open hole to help combat the varying levels of inflammation in her joints depending on the day. Autoimmune disorders are very unpredictable [5], so we wanted a device that would be diverse and would offer a solution despite the unpredictability of Ms.Liu’s disease, as we were aware that no device would be perfect. Our group decided that memory foam would be a great addition not only for the cooling effects but also to allow for more versatility, due to the foams ability to compress and return to its normal shape, Ms. Liu would be able to use the device on days when her swelling may be varied and it would allow her to use the same product even if her symptoms are more severe on any given day.
	The last consideration was the amount of force that our device needs to withstand during use. Research shows that a user can apply between 0.81 N and 4.96 N to a writing utensil [6]. This is not an excessive amount of force; however, we still took the varying forces into consideration when researching ways to make the device more reliable. This is why our design combines the internal foam grip as well as a closed top to prevent the writing utensil from sliding out of the compartment. The upper closure will allow a resistance to her downward force on the paper and prevent the pen from sliding out the top of the device. Together, these two features make The Write Pen a reliable product for Ms. Liu.
[bookmark: _zf8ho1qlb3y7]
[bookmark: _ip5xsk4cbd4v]Need Statement:
Design a solution for Ms. Liu that will help her overcome her lack of dexterity when her joints are stiff and inflamed due to her illness, in order to grant her more independence in day-to-day tasks.

[bookmark: _xw5rcj3uk5qa]Product Identification: 
· Taking our need statement into consideration, the overarching purpose of our device is to make a simple task easier for Ms. Liu. Specifically, the purpose of our device is to make holding a pen easier for the user, which our device accomplishes by securing a pen and fitting comfortably to the user’s hand. The footprint of our design is minimal, which allows our device to be more low profile as well as more comfortable. 
· Our device looks like a kidney-shaped ring with a tube attached to its concave side. One key feature of our device is its ergonomic grip—the kidney shape allows the device to fit the natural curve of the palm—which allows the hand to stay in a comfortable resting position. Furthermore, the hand orifice is lined with gel memory foam, which allows the device to adjust to various levels of swelling, has cooling properties, and provides a more comfortable fit. The tube, or pen chamber, is sealed on one end to prevent the downward force one applies while writing from causing the device to slip down the pen. The tube itself is lined with dense foam, in order to fit a variety of pen shapes, while still keeping the chosen pen secured. 
· One thing to note is that our device limits the types of pen you can insert. The slide-in tube restricts the user to choosing capped, disposable pens that are cylindrical. 
· We calculated that our device weighs about 38.75 g in filament by putting our 3D model into PrusaSlicer. 

[bookmark: _8dpeg87ehba2]Usage:
· Usage is designed to be intuitive and simple. To use our device, the user simply needs to slip it on their hand and start writing! The design is to be worn around the knuckles, similar to how a ring is worn around a finger, therefore, there is no need for extra fasteners to secure it in place. 
· The device is designed to be comfortably worn for long durations of time, such as long days in class, or intense study sessions while keeping the hand comfortable. However, muscle strain due to repetitive motion can lead to soreness, therefore we suggest taking regular breaks. The device can be used as often as the user wishes, provided there is ink in the pen and the muscles are in good condition.
· Since the device puts the hand in a comfortable resting position, but an unnatural writing position, the user would have a learning period to adjust to the new motion for writing. Once this adjustment period is over, the device can be taken on-the-go, to class or work without special consideration for storage.
· The pen is designed to be secured very tightly inside the device, therefore changing the pen might be difficult for the user to do on their own, if they are experiencing weakened grip strength. Although the user might not be able to change the pen on their own, it is realistic to have multiple on-hand since the design is simple and low-cost. 

[bookmark: _18xgw2jfweey]Standards and Safety: 
· Risks for the user are minimal if used as intended and any hazards would not be dangerous for the user.
· Potential blister hazard from the device being in contact with the skin, however the likelihood is very minimal due to the memory foam lining.
· Risk due to repetitive motion causing strain on the forearm and wrist. This could cause fatigue in the wrist, forearm, and arm. To mitigate these risks, we recommend taking regular breaks before the muscles become fatigued [7]. 
· Pointed tip of the pen is a potential hazard if not handled with care.
· Potential hazard due to the pen’s ink. Mild ink poisoning can occur if the ink is used on the body or ingested. This risk can be eliminated by carefully selecting pens with non-toxic ink and limiting the contact of the ink with the body. 
· If the device were to fail due to too much force, the device would crack, but no shards would be projected toward the user.
· Potential risk while changing the pen would be a strong followthrough motion when the pen comes out of the device. This risk can be minimized by loosening the pen to the end, then pulling it out slowly, rather than pulling it out in one swift motion. 
· We estimate the probability of any risks associated with our device as being less than 1% and their severity as being marginal. This makes our device very safe to use.

[bookmark: _kbxm06m322j7]Life Cycle: 
· The only part of our device that should be cleaned on a regular basis is the memory foam lining in the hand compartment. To clean the device the user can spray it with a laundry detergent and water solution, and blot. Then, let the memory foam dry completely before the next use [8].
· The only part that can be replaced is the pen in the vertical chamber. If the device is damaged, the best way to replace it is just to purchase a new one since the design is simple and low-cost. 
· It can be serviced depending on where it got damaged. For example, if the device is broken between the pen part and the hand part, they can be joined by plastic welding. It involves applying heat to melt the plastic into liquid and blending two parts together [9].
· Life after the product is no longer usable: the filament used for 3D printing our device is polylactic acid (PLA). Since PLA is plant-based (derived from cornstarch) and has a relatively low melting point, it is biodegradable which means that it is capable of being decomposed by bacteria or other living organisms [10].
[bookmark: _kc13zvqp8al6]Production Cost: 
[bookmark: _n69nsauukrsf]
· Since 3D printed material costs about $25 per roll of filament or more realistically $20 per kilogram as most ABS and PLA filaments are inexpensive, the 3D-printed portion of the device would cost us about $0.775 since the device would be approximately 38.75g.  The memory foam would cost no more than $0.25 as memory foam costs $2.00 per pound [11]. In total, our device would cost about $1.03. 
· There are no further expenses for the device as every part comes installed in the device, once the device is produced, there are no parts that can be removed or added other than the pen. That being said, the only ongoing cost will be the pens that are inserted into the device.
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· Easy to use
· Wide range of use
· Compact
· Lightweight
· Comfortable

[bookmark: _boof3ygjw39i]Engineering Specifications
· Number of steps
· Dimensions/volume
· Mass
· Number of applications
· Customer ratings
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Figure 1: Quality Function Deployment Chart used to associate customer requirements to engineering specifications.
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Figure 2: Concept sketch of a bathing		Figure 3: Concept sketch of a mobile app used to 
 assistance device.				keep track of schoolwork and symptoms.
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Figure 4: Concept sketch of an object 	         Figure 5: Concept sketch of a cooling glove.
gripping device.
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Figure 6: Concept evaluation chart used to evaluate against weighted customer requirements.
[bookmark: _dgk1nmfexmwj]
[bookmark: _1njt8a9vytj]First Prototype
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Figure 7: Top view of our 	          Figure 8: Bottom view of our 	    Figure 9: Side view of our preliminary 
preliminary prototype.	          preliminary prototype.	    prototype.
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Figure 10: Isometric drawing of	Figure 11: Front view of our revised	     Figure 12: Top, bottom, and right view 
our revised concept.		concept.				     sketches or our revised concept.
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[bookmark: _fqul5vv7jl9k][image: ][image: ]
Figure 13: Side view of the model of our	Figure 14: Bottom view of the model of our 
final prototype.				final prototype.
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Milestone 2: Decision Matrix

Grip glove Ice pack glove Shampoo shower App

Requirements | Weight Rating Weighted rating | Rating Weighted rating | Rating Weighted rating | Rating Weighted rating
Compact/
portable 0.15 7 1.05] 8 1.2] 2 0.3] 1.35]
Wide range of
use 0.1 9 0.9] 6
Comfortable 0.2 5 1 8
Easy to use 0.3 6 1.8 8
Lightweight 0.2] 8 1.6] 8
Durable 0.05 4 0.2] 5

Score 1 6.55]
We chose to pursue the Grip Glove idea. Although it did not rate highest in our weighted rating decision matrix, it is the most innovative and has the most range of uses. We

hope thi

idea helps give her more independence in her daily life when her fingers swell and prevent her from gripping items.
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