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Abstract
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

Table saws are a favorite tool of carpenters worldwide. They allow 
quick cuts through large pieces of stock, and are thus essential for any 
woodworking operation. 

Conversely, however, these saws are quite dangerous. Unlike most 
other saws, the user directs the stock, rather than the blade, and this 
creates opportunities for catastrophic accidents when the user is not 
completely focused. 

The US Consumer Product Safety Commission in 2017 reported that 
table saws caused 27,000 emergency room injuries annually, 
representing 62.1% of all saw-related injuries. Our research revealed that 
while solutions exist on the market, they are either impractical for some 
carpenters or are restrictive in the cuts that can be made. 

To solve this issue, we developed the Riving Guard, which is a saw 
guard and riving knife combination that offers protection from accidental 
contact with the blade and mitigates kickback, while also allowing a large 
variety of cuts. The guard mounts onto existing riving knife mounting 
hardware, and is easy to install and remove.

Because of school closures and lockdowns resulting from the COVID-
19 pandemic, we were unable to conduct much of our product’s testing and 
design revisions. As a result, we are not able to present a final product in 
this portfolio.
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Timeline
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

In order to make sure the project ran smoothly and kept on track, we devised a Gantt 
Chart that we used to schedule the activities of the year. The phases of the project 
were clearly labelled and split into general subtasks that we could palpably focus on. 
The year was split into these six sections:

- Project Management: Work out the logistics of the group and set a structure for 
the group to work within

- Research: Look for problems and evaluate their potential for a successful 
product

- Design: Focus on one problem and develop a custom solution
- Prototype and Test: Create a working model of the solution and hold it against 

criteria
- Evaluate and Reflect: Think about how the project was approached and 

executed, reflect on how it could have been done better
- Final Presentation: Wrap up the project and consolidate the findings in order to 

truly evaluate the effectiveness of the product and the project’s success
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Section 1: The 
Problem
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Problem Statement
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

The US Consumer Product Safety Commission in 2017 reported that 
table saws caused 27,000 emergency room injuries annually. A 

survey of handymen found that the vast majority of these 
accidents, around 85-90%, could be attributed to human error, 

such as distraction, inexperience, or negligence.
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Problem Generation
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

Before arriving at our final problem of table saw safety, we first considered several 
other problems. Here, we present some of our problem ideas from early on that we 
rejected in favor of table saw safety.

Water Leakage
- Leakages in water infrastructure can 

cause large amounts of water to be 
lost

- 50% water loss in urban 
distribution networks is not 
uncommon

- EPA estimates the average family 
wastes 180 gallons per week of 
water due to household leaks

Unsanitary Surfaces
- High touch surfaces are unsanitary, 

causing problems particularly in 
hospital situations

- The National Institute of Health 
estimates that 50% of high-touch 
surfaces in hospitals are missed 
in disinfection, and 40% are not 
adequately disinfected

Snow Removal
- Snow piles up during the winter time 

and can be a struggle to remove
- Shoveling can pose health risks
- Snow blocks roads, and makes 

them icy
- Heavy snow can collapse roofs
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Problem Decision Matrix
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

To choose the problem we would focus on for the year, we evaluated our four ideas in 
a decision matrix, assigning each one a score of 1-10 (1 being the worst and 10 being 
the best) in each of these five criteria:

- Practicality: whether we would be able to build a meaningful solution, giving our 
knowledge, financial, and time constraints

- Scope: how many people this problem affects, and whether developing and 
marketing a solution would be financially viable

- Originality: whether this problem already has some solutions on the market
- Interest: how much working on a solution to his problem interests us, and how 

much we want to see a solution
- Researchability: how much data there is available to justify the problem and 

developing a solution

Evaluating the four problems with the decision matrix resulted in Table Saw Safety 
coming in 1st place. And thus we chose to pursue that topic, keeping the 2nd place 
problem of Snow Removal as a backup.

Ideas Practicality Scope Originality Interest Researchability Totals

Power Tool 
Safety 9 6 6 7 7 35

Water 
Leakage 6 8 3 5 7 29

Unsanitary 
Surfaces 3 7 8 3 5 26

Snow 
Removal 9 7 4 6 4 30

9



Problem Validation: Interviews/Surveys
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

After selecting Table Saw Safety as our problem, we conducted research to learn 
about the specific problems that carpenters face with table saws, and to see where 
we can offer a solution. To achieve a balance of both quantity and quality of data, 
we employed various methods of research, surveying handymen and carpenters 
on online woodworking forums as well as visiting local carpenters and interviewing 
them.

In-person Interviews

Nelson Laur, CEO of Peak 
Carpentry

- Dislikes saw guards, finding them 
restrictive and obtrusive

- Suggested focusing on portable 
contractor table saws

- Pointed out that while workshops 
can afford expensive saw safety 
systems, freelance contractors 
often cannot

Brian Michael, CHS 
Teacher/Hobbyist Carpenter

- Related how easy it is to be injured 
by a table saw

- Emphasized that even 
experienced carpenters can be 
injured if they are inattentive

- Shared that he never uses saw 
guards, also finding them obtrusive

Online Survey
Conducted on Reddit, at r/woodworking, 

r/DIY, and r/AskEngineers

36.5%
Distraction

25.0%
Inexperience

13.5%
Negligence

13.5%
Impairment

11.5%
Malfunction 

of Tool

Cause of Saw Injuries
52 responses
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Problem Validation: Studies
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

In addition to our own data-gathering, we also consulted various power tool safety 
studies published by the United States Consumer Product Safety Commission over 
the period 2001 - 2017. To account for changes in the statistics since the publication 
of the older studies, we tried to corroborate the data in them with the more recent 
studies.

90%
Did not use a 

saw guard

10%
Used a saw guard

62.1%
Table Saw14.1%

Circular Saw

14.5%
Other Saws

3.4%
Manual 

Hand Saw

5.9%
Chop Saw

Breakdown of Injuries 
Per Saw (2017)

Saw Guard Use When 
Injury Occurred (2017)

Bench/Table Saws
Portable Circular Power Saws

Band Saws
Jigsaws

Other Power Saws
Welding, Soldering, Cutting

Grinder, Buffer, Polisher
Nail Guns/Stud Drivers

Power Drills
Power Sanders

Misc. Power Tools

T
oo

l

$0 $500,000,000 $1,000,000,000 $1,500,000,000 $2,000,000,000

Total Costs

Injury/Death Costs from Power Tool Accidents (2003)
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Section 2: The 
Solution
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Current and Past Solutions
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

- Riving Knife
- Creates a physical barrier 

between the two cut pieces, so 
that they do not catch on the 
end of the spinning blade and 
get kicked back

- Drawback: Doesn’t provide 
much protection other than 
that

- Anti-Kickback Pawls
- Small plates that are designed 

to dig into workpiece to 
prevent violent kickback

- Drawback: Can get in the way, 
cannot be used with non 
through cuts.

- Regular Saw Guards
- Blocks access to the blade to 

prevent accidental touch
- Drawback: Gets in the way of 

working, cannot do non-
through cuts

- SawStop
- Stops the blade immediately 

when detecting a touch
- Drawback: Expensive to 

replace (thus not practical for 
freelance carpenters), 
proprietary

- Saw Guard Detection
- Only turns on the saw if a 

guard is detected
- Drawback: Forces guard use, 

which is inconvenient and 
restrictive

13

Sensor controlled saw prevents 
saw from being run if guard is not 

in place, as well as detecting 
proximity of user

SawStop detects electrical contact with 
ground though the blade via touch and 

brakes the saw immediately (albeit 
breaks the blade)



Brainstorming
Matthew Zhang, Keertik Bacon, and Carlos Montemayor
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Brainstorming
Matthew Zhang, Keertik Bacon, and Carlos Montemayor
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Ideas Practicality Cost Sophistication Effectiveness Originality Totals

Guards 10 9 5 6 5 34

Sensor based 
sawstop 4 6 8 7 5 30

Clamps / 
Feeding 8 8 6 5 6 33

Anti-kickback 9 8 6 6 2 31

Braking 
Mechanism 5 5 7 9 3 29

In the process of designing our product, 
we first had to determine the 
approach we wanted to take in solving 
the problem. We could make a saw 
guard, something to assist in feeding 
the stock, or even a sensor-based saw 
stop. We evaluated these approaches in 
a decision matrix, judging each one on 
whether it was practical, cost effective, 
adequately sophisticated, effective, and 
original. To ensure that we had plenty 
of ideas to choose from later, we 
picked the top two finishers from the 
decision matrix, which were guards and 
feeding mechanisms.



Product Ideas
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

1. SuckBlock
The SuckBlock will be a regular push block 
with a handle and flat bottom surface, but 
instead of a grippy bottom, there will be a 
suction cup to grip the material. To adjust 
the suction, there will be an extra latch, 
similar to a gas pump nozzle, that the user 
can grip. This would help users not lose 
control of material.

1. Malleable Clamp
A clamp with an adaptive surface for the 
clamp that allows you to saw irregular-
shaped objects. Aims to help hold irregular 
shaped objects better.

1. Material Adaptive Guard
The guard is made of many small spring 
tensioned pieces that move up and down. 
The point is that they would be designed 
to allow the material to be slid under them 
horizontally but not expose any part of 
the blade. This would ensure maximum 
protection from the blade

1. Guard/Riving Knife combo (Riving 
Guard)
A riving knife that also functions as a saw 
guard, rotating over the blade and 
blocking the cutting edge. This acts to 
protect from accidental touch and prevent 
kickback.

1. Magnifying Glass/Illuminated Guard
A LED light that is mounted inside of a 
guard to improve visibility along with a 
magnifying lens built into the front of it, 
right where the user would look through 
the guard at the material. This would help 
solve the issue that saw guards can be 
hard to see through.

For more details on these product concepts, 
consult Appendix E. 16
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Product Decision Matrix
Matthew Zhang, Keertik Bacon, and Carlos Montemayor
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Ideas Convenience Price Flexibility Effectiveness Feasibility Professional 
Opinion

Totals

Malleable 
Clamp 6 7 6 8 9 6 42

Riving 
Guard 8 8 6 7 10 9 48

Illuminated 
Guard 6 7 6 8 10 4 43

SuckBlock 9 8 8 7 9 5 46

Material 
Adaptive 

Guard
5 5 6 6 6 3 31

To choose our solution, we evaluated our five ideas in a decision matrix, assigning 
each one a score of 1-10 (1 being the worst and 10 being the best) in each of these six 
criteria:

- Convenience: how easy and convenient the product is to use
- Price: whether this product would be cheap to produce and sell, and thus 

financially viable
- Flexibility: how flexible this product is in allowing different types of cuts
- Effectiveness: whether the product actually offers protection from injury
- Feasibility: whether we could reasonably create the product with the time, skills, 

and budget that we have
- Professional Opinion: how highly the carpenters that we consulted viewed the 

product
- For exact opinions, consult Appendix A

The riving guard was the highest-ranked by the decision matrix, and so that is what we 
chose to develop.



Proposed Solution
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

Riving Guard
- Combines the functionality of a saw 

guard, while maintaining the anti-
kickback and low profile features of a 
riving knife

- Wraps around the blade edge to cover 
the cutting edge

- Spring loaded in order to always 
cover as much of the blade as possible

- Designed to use existing riving knife 
mounting hardware

- Works for non-through cuts, which 
existing saw guards cannot do
- Refer to Appendix B for diagrams on 

how the riving guard works with 
through and non-through cuts
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Exploded view of final design

Labeled side view of design proposalLatest CAD model including finalized 
mount and guard



Prototype
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

- CAD and drafting done in 
SOLIDWORKS

- Mounting pieces FDM printed in PLA 
plastic

- Rapid Prototyping for fast iteration
- Loads appropriate for 3D Printing

- Prototype guard CNC machined out 
of polycarbonate plastic

- CAM Developed in Fusion 360
- Cheap and quick to machine for 

prototyping
- M4 and M3 hardware used for 

assembly
- Standard metric hardware is 

cheap and accessible
- Movement of guard supported by 

radial ball bearings
- Ensure smooth and even 

movement throughout
- Designed to mount using existing 

riving knife mounting holes and 
screws

- Does not require extra 
hardware extra modification to 
use

- Mounting slots instead of holes in 
order to allow fine tuning of riving 
guard height

19



Section 3: Testing
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Testing and Evaluation
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

Already Performed Tests
- Preliminary Mounting Test

- Tested a preliminary design for the riving guard mount. The mount replaced 
the existing riving knife.

- Conclusions:
- The mount can stick out on the bottom less, and instead have more vertical 

upwards height
- This will allow the mount to not occupy as much space

- There was a ridge that the mount had trouble clearing
- We can solve the issue by adding a cutaway area where the mount is 

thinner
- The actual guard could be optimized by removing some excess material on 

the ends so as to not get as caught in the saw enclosure
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Testing and Evaluation
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

Tests Planned
- Clearance and Spacing Test with a running saw

- Test a new prototype polycarbonate guard with a cardboard saw blade
- Would be conducted multiple times to alleviate problems with movement and 

to refine the design
- No tensioning, simply checking to see if the guard is manufactured to 

specifications to be able to operate properly
- Springing/Tensioning Test with a running saw

- Test the polycarbonate guard prototype with cardboard saw blade, but add in 
the tensioning mechanism

- Check with pieces of pre-cut material to see if the guard would retract easily 
and properly with material being cut

- Check if the guard stays in place and can still mount properly
- Final Build Materials Test

- Test the final guard prototype, made with the finalized materials and with a 
real saw blade

- Check if the device behaves properly while moving material through the saw 
blade

- Check the deflection of the guard under reasonable stresses to the material
- Check that the guard does not interfere with the cutting operation
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Guard Design Evolution
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

In response to more detailed design concepts and testing, the riving guard underwent 
changes from its original design, which are detailed below.

Mounting
- Original version had guard mounting 

onto the saw motor’s drive shaft
- A bearing would connect the guard 

to the axle, so that the guard does 
not rotate with the axle

- Decided not to use this design, as 
mounting onto a rapidly spinning 
axle would possibly be dangerous

- Furthermore, there was little 
room with most saw models, and 
would complicate the 
manufacturing of the “guard” 
piece

- Guard was redesigned to mount to 
the riving knife mounting hardware

- Radial mounting extension 
removed

- Slot added along guard 
circumference to allow 
movement through the new 
mount

23

The original drive-shaft 
mounted riving guard

Original sketch of revised 
design

Revised guard design



Mount Design Evolution
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

In response to more detailed design concepts and testing, the riving guard mount 
underwent changes from its original design, which are detailed below.

Blade Enclosure Clearance
- The original mounting piece, when 

installed into the riving knife mount, 
collided with a ridge on the blade 
enclosure

- A proposed design change was to 
incorporate a cutaway on the 
mount, to allow clearance

24

Proposed design for mount 
cutaway

Interference 
with ridge

Mounting Screw Accessibility
- A screw to attach the mount to the 

saw was hidden behind one of the 
bearing holes

- Would present a problem for 
assembly/disassembly later, 
especially once the bearing was in Screw/bearing overlap

Design Fix
- Both problems were fixed with a 

new mount design
- Ridge interference was solved by 

moving the screw holes down, 
and thus moving the mount up 
when it is installed

- Bearing hole was relocated to be 
higher, to not overlap with the 
screw hole

New mount design



Section 4: Summary
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Summary
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

- Determined an existing problem in the field of tool safety
- Identified Table Saws as particularly dangerous

- Researched many existing solutions
- All had their own drawbacks in one way or another
- None completely solved the issue

- Brainstormed many different concepts and ways to attack the problem
- Figured out which aspects of table saws are dangerous, and how most people get hurt
- Looked at multiple generated solutions and determined which would be most practical to 

implement

- Created the Riving Guard concept
- Aims to combine the features of a guard and riving knife
- Prevents kickback while also covering the blade
- Stays out of the way of the user as much as possible

- Generated initial Riving Guard prototypes
- CAD modeled a mount and guard assembly
- 3D Printed and CNC machined parts

- Tested Riving Guard prototypes
- Noted multiple improvements that could be made, specifically to the mounting piece
- Incorporated these improvements into a second version of the mounting piece

- Left unfinished due to COVID-19 closures
- Was not able to thoroughly test new mounting piece
- Was not able to test bearings in the new mounting
- Was not able to develop springing 
- Was not able to test metal guard

- What did we gain?
- Experience

- Reaching out to experts
- Researching a specific topic and justifying a decision
- Collecting data
- Designing experiments
- Product design and fabrication

- Knowledge
- Pre-existing products for power tool safety
- Most likely causes of injury from saws
- What experts in the field consider most important for safe and effective power tools

- Evidence that we can commit ourselves to a long and difficult project
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Appendix A
Matthew Zhang, Keertik Bacon, and Carlos Montemayor
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Interview Notes
On December 27, 2019, we visited Nelson Laur, CEO of Peak Carpentry. We toured his 
workshop, and talked with him and his father (Nelson Laur Sr.). Below is a transcription of 
notes taken during the visit.
Tools to Consider

- Jointer
- Chop saw

- If not paying attention, could accidentally bring the blade down onto fingers
- Band saw

- Hazardous if cannot hold onto material well
- If material gets caught on blade, it could pin the finger between it and the table due 

to the downward-moving blade
- Cabinet saw

- Since cabinet saws are almost always part of a larger workshop, money is not as big 
of an issue

- Workshops are usually willing to pay extra for a SawStop saw
- Jobsite table saw

- Independent contractors usually cannot afford the more expensive SawStop brand 
saws

- These saws are more dangerous, because they are not used in controlled workshop 
conditions

- They are set up in front lawns, carried in trucks, and are set up and packed up 
frequently

Companies to Contact
- SawStop
- JET
- Unisaw

Opinions on our Product Concepts
- Riving Guard

- Neat idea, but would need to be built of a strong material (like titanium) to resist 
bending

- Suck Block
- Could be potentially useful, but might have issues sticking to wood surfaces

- Malleable Clamp
- Residue from the clamping surface might stick to the workpiece
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Other Technical Drawings

Figure 1. Technical drawing of the original drive 
shaft-mounted riving guard, showing 
measurements.

Figure 2. Technical drawing of the original drive 
shaft-mounted riving guard, displaying how the 
guard acts with a non-through cut.
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Figure 3. Technical drawing of the original drive 
shaft-mounted riving guard, displaying how the 
guard acts with through cuts.
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Presentation 1 (10/22/2019) Slideshow
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Presentation 2 (1/15/2020) Slideshow



36



37



Appendix E
Matthew Zhang, Keertik Bacon, and Carlos Montemayor

38

SuckBlock Concept
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Malleable Clamp Concept
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Adaptive Guard Concept
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Riving Guard Concept
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Illuminated Guard Concept
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Modular Guard Concept
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Magnetic Clamp Concept


