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[bookmark: _etjxks1uue6p]1. Introduction
This guide is going to change over time as we find ways to improve it and come up with better practices for creating this type of protection. If the CDC or FDA begins recommending a certain design, we would more than likely adopt that design. That being said, this is what we are working with at the moment. In the future, we are looking to implement a size guide, video, and other improvements to this guide. For now, if you have any questions about the design, best practices, or assembly, reach out to us on our Facebook group.

We are located primarily in Bolivar, MO and are focusing our efforts on serving our local healthcare system. If you are a healthcare worker in need of PPE, exhaust your local resources first. Reach out to your supervisor to see what PPE they offer, reach out to groups similar to ours that you may have seen in your local news. You can also use websites like 3dhubs.com and treatstock.com to have this file printed for a fee. If you do not have access to any of those resources, reach out to us via our Facebook page and we’ll do our best to help.
[bookmark: _daj5j45pu0tt]1.1 Disclaimer (DO NOT SKIP)

Due to the infectious nature of COVID-19 and the potential for personal protective equipment (PPE) to become short in supply, a small group of makers with 3D printers in Bolivar modified a common face mask design found online. Utilizing common household items and a HEPA filter, the 3D printed mask can be used as PPE at the wearer’s own risk. We are not scientists, engineers, or professionals in PPE design or production. That being said, prototypes of this mask design have succeeded in an aspartame fit test at a local healthcare facility and may or may not be a good alternative to a cloth mask. This mask was not designed to replace or be an alternative to an N95 mask and the designers make no guarantee that it will be effective in completely filtering out any infectious diseases.

This mask is open source, always evolving, and we welcome all feedback, criticism and suggestions. Our ultimate goal is to create PPE that can be used in a clinical setting that can make a dent in the shortage of PPE that our nation is currently facing.

By printing and/or using this mask, please be aware that you are doing so at your own risk. We highly recommend doing your own research into the sanitization of 3D printed parts, filtration, and infectious diseases before using this mask.
[bookmark: _j1drgqys4olk]1.2 3D Printing Tips
If you’re planning to print mask parts for the Bolivar area, please post a picture of your printed mask parts so that we can review them before putting you in the production chain. If you have been given the all clear prior to this document, this note does not concern you.

The 3D files can be found HERE.

If you are relatively new to printing or just haven’t used your printer in awhile, we highly recommend that you put your printer and settings through a benchmark test using a calibration cube, Benchy boat, or another option. In order to ensure that the mask is the most effective that it can be in potentially stopping a respiratory intruder, it is VERY IMPORTANT that your print is good quality. Before making a donation to a healthcare organization or worker, print a couple of masks for yourself to make sure that your settings have been dialed in.

Our group is currently printing using 0.6 nozzles, 0.76 line width, 3 walls, 7 top and bottom layers, and 5% infill. That being said, you may have more success with different settings and should explore this on your own before mass-producing them.

Note: Filament gets old! It wicks up moisture over time and can lose its flexibility and print quality. Make sure your filament is new or has been properly dried and stored before attempting to print. This will give you a better chance at producing a nice quality mask.

A few things to keep an eye out for in your print:

Under Extrusion
This could lead to air leaking through the hard plastic body of the mask and represents a failed print. We do not recommend you continue with use of an under-extruded mask. Here’s how you can fix that.

Elephant’s Foot
With certain settings and variables, a print’s first layer can turn out to be just a little too wide. In our case, that’s bad because the design is made to be printed with the front of the mask on the print bed and the filter plate needs to be able to snap into the mask and out of the mask. Here’s how you can fix that.

Warping
A lot of time, a warped print means it fails print completion anyway. However, there are times when a print finishes with warping. This will also cause a failure because of the dimensions required for the filter plate to snap into place. Here’s how you can fix that.

Dimensional Accuracy
If you’re a part of our printing group or another using this mask, you may not be printing a full mask set at a time (one mask, two clips, and a filter plate). If your printer is not printing accurately sized parts, the parts you produce may not be compatible with someone else’s. We recommend that you print a calibration cube, and check for accuracy with the dimensions. You can download that file and read the guide to fixing dimensional accuracy here.

Layer Adhesion
These masks need to be air tight when worn to have a chance at being effective. Therefore, the seal created by hundreds of layers of plastic melted on top of each other needs to be up to par. If you have layer separation or your mask cracks when squeezing it, you have poor layer adhesion. Here’s how you can fix that.
[bookmark: _rz5ovyjubb1]1.3 Printing Your Files
Once you have the files downloaded, load them into your splicer software of choice. Cura is a good option as it is powerful and free. It can be downloaded here.

Currently, we are operating locally with two different sizing options. For most people, the original file works just fine. If the user of the mask has a larger face (height or width), a larger mask is necessary to achieve a good seal. You can achieve this by scaling up the mask and filter plate model in your slicer software to 110%. Every adult that we have encountered so far has fit into either a 100 or 110 mask. From now on in this guide, if we refer to a Model 100 or Model 110, we simply mean 100% scale (regular) or 110% scale (slightly larger version).

Each mask needs:
1 - Mask Body
1 - Filter Plate
2 - Elastic Clips (½ or ¾ depending on what elastic you have)

Our group is currently printing using 0.6 nozzles, 0.76 line width, 3 walls, 7 top and bottom layers, and 5% infill. The temperature we are using depends on our individual filament and how our printers perform. Note that a slightly higher temperature may promote better layer adhesion.

Under most of our team members’ settings, on a typical FDM printer, the total time should be between 3 and 4 hours for one mask.

[bookmark: _d1at8ve7qhtx]1.4 3D Printer Quality Control
Before continuing with production, it’s imperative that you perform some quality control on your printed parts. Our team is working in somewhat of an assembly line fashion. We have a designated person that is going to be putting these masks together to mitigate the risk of improper handling. Our goal is to make that person’s job as easy and painless as possible by ensuring that our plastic meets standards.

After your print is complete, squeeze the mask as shown with around 5lbs of force. If the part breaks, you are suffering from layer adhesion issues and should review the 3D Printing Tips sections above. If you hear major cracking but it doesn’t break, consider printing a different mask with better layer adhesion as detailed above.

Also attempt to place the filter plate into the mask without a filter. Do not force it. If you find that it is somewhat difficult to snap in the filter OR find that it is difficult to remove the filter, you’re more than likely experiencing elephant’s foot. View the above tip section to see how you can remedy that in future prints. For now, your print can still be saved from the issue using a deburring tool, sand paper, or exacto knife. Using those tools, you can remove plastic a little at a time on the inside ring of the filter mount location until the filter plate will snap in and out with relative ease. Keep in mind that the filter plate will need to snap in and out of place with a filter between the mask and the plate.

Beyond that, check to see that the mask is free of burrs, zits, and blobs that may irritate the user’s face. Stringing is unsightly as well and both of these things can be remedied with an exacto knife and sandpaper.

Tips for Potentially Better Quality
A polyurethane or epoxy finish may fill in the gaps between the layers and allow for easier sanitation but we have not tested this and are unsure if it is necessary. If you have an idea on how to improve this design, please drop us a line on our Facebook page!

[bookmark: _d9otaoat62sc]2. Assembly

The purpose of this document is to assist users, printers, and makers in the assembly and utilization of the BolivAIR mask. Throughout the document, we will provide instructions and tips regarding how we personally have assembled the mask. This tutorial will be changing as we discover better ways to assemble the mask. If you discover a tip, trick or have an idea as to how we can make this better, please visit our Facebook discussion group and drop us a line. We’d love to hear from you.
[bookmark: _n3bct7ajqcc6]2.1 Supplies

For this project you will need the following supplies:

· 3D Printed Parts (PLA) - Downloadable HERE
· Mask Body
· Filtration Plate
· 2x Elastic Strap Adjuster
· HEPA Filter Material
· Filtrete “True HEPA” MERV 19 Material
· Your mileagle may vary with other materials.
· Approximately 36 Inches of ½ or ¾ inch elastic
¾" x 7/16" Frost King Rubber Weather Stripping Foam Strip
· You MAY be able to substitute this with a similarly sized weather stripping.
· Hot Glue and Hot Glue Gun (Hi Temp)
· You may be able to use another type of glue that binds with PLA.
[bookmark: _izusfs8g2xyv]Why We Chose These Supplies

The supplies we chose are largely based on mass availability. Most all of these products can be found at Walmart or your local hardware store (besides the PLA filament required for printing). While there are surely better options than what we are using, this is what makes the most sense to us at this time.

PLA Plastic

We chose PLA as our 3D printing medium because it is by far the easiest filament to print and is typically the most forgiving. We simply can not allow the limited roster of makers we have in our community to spend time tinkering with a filament they are not familiar with while healthcare workers are in need of PPE.

HEPA Filter Material (Filtrete True HEPA MERV 19 Material)
[image: ]
At Walmart, the HEPA filter with the highest MERV quality available is an insert made by 3M for a standalone air purifier. It costs approximately $18 in southwest Missouri and advertises its ability to filter out viruses in its current fashion. You may be able to use another filter material but it may affect the mask’s ability to pass a fit test OR filter out certain particles. Your mileage may vary.

You’ll need to carefully disassemble the filter and unfold/pullout the filter material. 3 “folds” will usually generate enough raw material for two filters. In the F1 sized filter, you should be able to cut out around 65 mask filters. When removing the glue, be careful not to fray the material too much.[image: ][image: ]



36 Inches of ½ or ¾ Elastic

In our fit test, we discovered that the best way to ensure a proper seal with tension was to use ½ or ¾ inch elastic band. This can be sourced at most Walmart store locations or craft stores. Please note that there are different sized printed elastic strap adjusters for each size of elastic. 

In the assembly portion of our project, we noted that the top strap of the mask needed to be around 20 inches to meet the needs of the average individual and the bottom strap needed to be around 16 inches, hence a total of 36 inches of elastic.[image: ]
¾" x 7/16" Frost King Rubber Weather Stripping Foam Strip

According to our healthcare worker team member, this brand and type of weather stripping seems to be the most comfortable and provide the best seal for the mask. You may be able to use another brand or type, but once again, your mileage may vary. Most rolls of weather stripping are sold in 10 ft rolls. A finished mask utilizes 13-20 inches of foam strip depending on the mask size.
[image: ]
Hot Glue (and other types of glue)

We tested several types of glue in the assembly of this mask design. Due to the chemical nature of PLA, normal super glue typically does not bind to it well. However, Hi-temp hot glue is readily available and most people have access to a hot glue gun. It also provides a relatively decent seal in our experience and lends itself well to being removed and reapplied with new foam if the foam strip becomes soiled.

Another type of glue that you may have success with is Rapid Fuse glue by DAP. It adhered very well to the PLA masks we printed but made a clean removal of the foam stripping nearly impossible. HOWEVER, fumes from the glue can stick around for quite a long time (24 hours+).


[bookmark: _kp8o8h4yqoql]2.2 Mask Design and Features[image: ]
The mask design comes in two main sizes, the 100 Model and the 110 Model. This corresponds to the percent scale of the original design (the 110 is 10 percent larger than the 100 model). We have also created a 90 and 95 model, although it is rare that someone would fit more comfortably into a sub-100% scale model.


Below, a 100 mask is pictured next to a 110 for comparison.
[bookmark: _nyrgbzlnjp7p][image: ]
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[bookmark: _ulbkjj460ay0]2.3 Putting Everything Together

Quality Control

**If you are 3D Printing these for your own use or someone else to use, please see our 3D Printing Best Practices Guide section HERE_____________**

Before doing anything, ensure that the printed parts do not have any visible imperfections that would impact the seal of the mask such as holes in the plastic walls, cracks, or chunks missing. If any of these imperfections are present DO NOT USE OR DISTRIBUTE THE MASK. Examples of failure-grade imperfections may look like these:

[image: ][image: ][image: ]


For the rest of the assembly instructions, we’ll denote quality control and important tips in bold.

Step 1.

Begin by washing your hands and sanitizing your working area! No, really. It would be a waste of time to produce PPE that was soiled right from the beginning.

Step 2.[image: ]

Cut a piece of foam stripping at the length required for your model (listed below). Remove the paper backing.

Model 100 - 14.5 inches
Model 110 - 16 inches





Step 3.[image: ]

On one end of the foam stripping, cut across the foam at a 30 degree angle so that it fits inside of the nose portion of the mask against the plastic.





Step 4[image: ]

Without gluing, place the foam around the rim of the mask, ensuring that you follow the curvature of the rim. This step serves to ensure that the right amount of foam has been cut. By the end, you should have a little excess foam. Trim the excess off with an angle similar to the one that you cut at the other end of the foam to ensure the two ends of the foam meet and seal in the nose portion of the mask.
[image: ][image: ]









Step 5
[image: ]
Remove the foam lining from the mask and prepare your glue gun. Just inside the edge of the mask where the foam lining was, place a 2-3 inch bead of glue. While the glue is still hot, re-apply the foam stripping and hold pressure across the glued area for approximately 10-20 seconds. Continue this process all the way around the edge of the mask ensuring that the foam follows the contour of the rim as pictured above. Also take special care to make sure that there are no gaps of air between the foam and the plastic mask body. 



Step 6

If you have not already, cut a 20 inch piece and a 16 inch piece of ½ or ¾ elastic.

Step 7
[image: ]
Feed one end of the 20 inch elastic piece through the middle-left hole of the bottom of the elastic clip. It should come through the left hole on the top of the clip. Feed it back through the left hole on top so that it exits through the leftmost hole on the bottom.


Step 8[image: ]

Using the end that was fed through the clip, feed it through the back end of the top left strap hole on the mask (left hole from the perspective of someone that is wearing the mask). Fold it back over the strap hole and glue it to itself. Apply pressure for 10-20 seconds.


Step 9[image: ]

Using the other end of the strap, feed it through the back of the top right hole on the mask and back around. Feed the end of the elastic through the middle right hole on the bottom of the elastic clip. Feed the end of the elastic back through the top of the clip and out of the right most hole on the bottom.


Step 10[image: ]

Fold the free end of the elastic back over itself three times, gluing it each time. Each fold only needs to be about ⅜ inch. This is to keep the elastic from slipping back through its clip.





Step 11

Repeat steps 7 through 10 for the 16 inch elastic piece and bottom set of strap holes on the mask.

Step 12

IT IS BEST THAT THE USER OF THE MASK PERFORM THE NEXT STEPS TO PREVENT CONTAMINATION.

Cut out an approximately 3.5 x 4.5” square of filter medium. If you’re using the F1 sized Filtrete True HEPA Filter material, you should be able to cut 3 “folds” worth of filter material in half.
[image: ]
Step 13

Lay the filter cutout on the front of the mask. Press the filter plate into place and make sure that the filter is exposed on all edges of the trim. This helps to ensure that all air coming through the front of the mask passes through the filter first.

Step 14
[image: ]
Trim the filter around the edges of the filter plate. Try to make sure there are no exposed fibers.

Step 15

At this point, the user should adjust the straps to ensure a quality fit AND seal against the face. 

[bookmark: _i0s1hs5694r7]3. Sanitization
There are exhaustive resources describing proper sanitization methods of biomedical equipment. We are not experts in sanitization or in engineering products to be sanitizable. However, the CDC has released evidence stating that COVID-19 can live on plastic for up to 3 days. For this reason, it is highly recommended that you sanitize your mask after each use.

In a perfect scenario, one should completely disassemble the mask after each use, discard the foam and elastic, and submerge the PLA plastic mask in a solution of 70% isopropyl alcohol for 1 minute or 6% hypochlorite bleach for 10 minutes. However, this mask was not developed because the world is able to expect a perfect scenario. If you are a healthcare worker, we recommend that you follow the protocols your organization has put in place for the sanitization of PPE.

One healthcare professional that has been working on the project offered this advice as to his personal opinion on how sanitization could be handled in the event of scarce PPE.:
“FDA approved N95s and other respirators are always the best option but during this pandemic these have become scarce resources.  Also, ideally the respirator would be sterilized between every patient and filters changed or mask thrown away. Unfortunately, that is not a realistic option in the outbreak we face.[image: ]
We strongly encourage at least daily cleaning or when directly contaminated.  We tested this design in PLA and used purple top wipes with no degradation of materials.  If unavailable, Virex spray is another option but it has to be used with caution. The spray will degrade the foam gasket with direct contact.  Use of the Virex is only recommended for the outside of the mask. The inside can be cleaned with alcohol pads since this should not be directly contaminated with it always being in contact with only the user’s face.
To help stretch out use of the filter material, use of a face mask or other, direct covering over the filter, is recommended.  If the filter material becomes directly contaminated, cleanse the mask and replace the filter with a new sheet of filtration material.”
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