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Motivation
In the United States, 48,000 cyclists were injured in motor
vehicle related traffic accidents in 2011. One major cause of
bicycling accidents is a vehicle overtaking the cyclist from
the rear.

Problem
Current rear view mirrors/systems for bicycles are difficult to
adjust, unattractive, obstruct vision, or have a limited rear
viewing range.

Objective
Design, develop, and test a low cost helmet mounted mirror
system that addresses the shortcomings of similar products
while also meeting customer requirements and engineering
specifications. The ultimate goal is a product that is
marketable to the cycling community and adaptable to
multiple helmet styles currently on the market

Customer Needs & Design Specifications
The first step in the design of the bike helmet mirror
system was to develop and evaluate customer needs
and their related engineering specifications. This was
accomplished by interviewing stakeholders and
identifying a primary customer proxy.

Detailed Design & Preliminary Testing
Mirror Surface: Options for mirror surface were
reflective Mylar, chrome window tint, spray on mirror,
and acrylic. Each material was obtained and tested by
the team for reflective image quality. Acrylic was
determined to be optimal solution
Geometric Optics Analysis: Two and three mirror
systems were analyzed for this design. A 50th
percentile male head was used to determine the
positions, curvature, and dimensions of the mirrors.
Sensitivity analysis showed that the dual mirror
system performed better.
Drop Test Analysis: To simulate the impact stress of
dropping the designed system, a drop test analysis
was performed using SolidWorks Simulation package.
From this, adjustments were made to the design to
…strengthen and optimize the system.

Engineering Specification Unit of
(Metric)
Measure
Power required for operation
Number of tools required for
adjustment
Materials cost
Number of helmet styles
system can attach to
Durability - survive drop from
height
Weight

Marginal
Value

Ideal
Value

Comments/Status

Watts

-

0

No power input

Quantity

1

0

Dollars

30

20

Market value projection, no
restriction on prototype beyond
budget

Quantity

-

3

Minimum value

ft

-

3

Dropped with mirror system
attached to helmet

lbs

0.775

0.175

mph

45

60

Survive wind speeds
Breakaway force (if snagged on
object)
Rear image angle
Projected area of main mirror
in direction of motion

lbs

-

45

degrees

10

25

in2

18

8

Recyclability of materials used

%

-

100

Mirrors and supports
removable from helmet

Yes/No

-

Yes

Lateral forward viewing angle

degres

-

170

ft

130

200

Yes/No

-

Yes

Distance behind at which
vehicles are visable
Image oriented properly

Mirrors maintain desired position
and orientation up to these
speeds
Based on NHTSA neck injury
criteria
Based on benchmarking

Exceptions: mirrors, adhesives
Interface between helmet and
supports need to be removable
Does not block lateral vision when
looking straight ahead
Based on hand calculations

Finalized Concept & Rapid Prototyping
Dual Mirror System: Front mirror is in the user’s
peripherals while the top concave mirror reflects the
image behind the cyclist in the proper orientation.
Gooseneck: Gooseneck tubing is flexible enough to
allow the system to attach to multiple helmet styles
yet rigid enough to support the top mirror.
Snap-fit Attachment: Snap-fits were utilized to
increase the ease of assembling the system.
Dual-lock: Dual Lock allows users to easily attach
and detach the bike helmet mirror system to helmets.
ABS: ABS plastic was chosen for material properties
including resistance to water, heat, and UV, and for its
ability to be both 3D printed and injection molded.
Rapid Prototyped: The finalized concept was
prototyped on the Fused Deposition Modeling (FDM)
machine in RIT’s Brinkman lab.
Acrylic: Heat was applied to the acrylic until it was
pliable. Mirror was then molded to the proper
curvature and attached using an adhesive.

Risk Analysis & Actions to Mitigate

Complete Testing: Finish testing specifications for (1) System
Break Away Force and (2) Drop from Height.
Improved Stability: Design additional support for the front mirror in
order to reduce vibrations.
Weight Reduction: Asses which components of the assembly
weigh the most and redesign for lighter weight.

Lessons Learned
Documentation Throughout Design Process: It is important to
document the decision making progress through the design phase
so people outside the group can follow the design’s progression.
Communication: Staying on the same page was key for the group
in order to move forward with the project as one.
Back-up Plans: Keeping an updated Risk Assessment log was
critical to project success. When we ran into issues regarding the
reflective surface, we knew which materials to test next.

Reflective surface does
not display image to
meet specifications

Reflective film is Does not pass rear viewing
3
unaccepatable
distance tests

Group dysfunction

Group does not Lack of communication and
work as
poor compromising. Group
2
efficiently as
members do not contribute
possible.
equally to the project.

Rapid Prototype parts
are not compelted on
schedule (i.e. delayed)

Assembling and
testing system is
delayed

Malfunction in machine.
Mike Buffalin is not
available

Parts and materials do
not arrive on time

Prototype cannot
be completed on
schedule

Item lead times do not
match anticipated values.

Risk Item

Effect

Cause

2

2

Importance

Future Work

Rear Viewing Angle: The rear viewing angle
specification calls for a minimum angle of 10 degrees
(marginal) and 25 degrees (ideal). The system
displayed a viewing angle of 40 degrees.
Rear Viewing Distance: The specifications require a
distance of 130 feet (marginal) and 200 feet
(ideal). The system was able to identify a vehicle at
over 270 ft.
Wind Speed Resistance: The wind speed
requirement was 45 mph (marginal) and 65 mph
(ideal). RIT’s wind tunnel was utilized for testing. The
system stayed attached to the helmet at the wind
tunnel’s maximum speed of 130 mph.
System Weight: The marginal value of the weight
specification was 0.775 lbs., the total component
weight was measured to be 0.403 lbs.

Severity

The team successfully carried a concept proposed by an industrial
design student into a working prototype that performs well with
respect to the predefined engineering specifications.

Testing & Results

Likelihood

Conclusions

Over the course of the project, the group kept a weekly
updated risk assessment to identify potential areas of
concern and to minimize foreseeable risks.
Action to Minimize
Risk

3

9

Test image quality as early as
possible and prepare
contingencies.

3

6

Consistent communication among
team members. Each team
member will complete individual
responsibilities to expected
quality and on time.

3

6

Print parts on Z-Corp for testing.
Have Mike's number ready.

6

Accurately identify lead times of
materials. (Need to consider
ordering Acrylic and rapid
prototyping

3
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