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Introduction
Executive Summary
Our team developed a self-powered, light-up safety vest to provide a means of increasing
pedestrian safety. The safety vest includes LEDs that harness energy from the movement of the
user when he or she is running. As a user is running, linear generators charge and transmit
electricity to the LED strips attached to the running vest. Our product is a self-sustaining power
system that provides a high-visibility solution for low-visibility environments.

Design Overview
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Table 1: Legend for final
assembly drawing in Figure 1.

Figure 1: Final assembly drawing including all main parts.

The design of our vest is shown above in Figure 1 in a partially exploded view. Using the



legend colors from Table 1, our design includes one (1) running vest shown in gray, two (2)
linear generators shown in red, four (4) velcro patches shown in green, 16 LEDs shown in
orange, and four (4) wires housed in wire casings shown in blue. Our linear generators are
housed in 3D printed casings designed by our team and are connected to the vest using velcro
patches. The velcro patches make the linear generators (and connected LED strips) detachable,

allowing the user to wash the running vest without damaging any electrical components.

Existing Technology

Market Research

We conducted market research to affirm our concept design and to shed light on our
design priorities. We distributed a survey to 50 runners from the University of Virginia Running
Club. The survey indicated that weight and comfort are the most important factors for potential
users, as 98% of responders said they would prefer a running vest that is lightweight and
comfortable. Our research also confirmed our central design criteria: mechanical charging. 60%
of respondents would not want an illuminated vest that requires batteries and 82% of respondents
would not want an illuminated vest that needs to be recharged after every use. This research
demonstrated the need for a vest that does not have to be charged or require batteries.

Competitors

The main competitor that we found through our research was the Noxgear Tracer360
shown below in Figure 2. This “vest” is a light-up strip of lights that wraps around your body
and sells on Amazon for $60.00. The manufacturer’s website states that its product has a 40-hour

battery life (“Noxgear Tracer360 - Performance Safety Visibility Vest,” n.d.). We consider the


https://www.zotero.org/google-docs/?Yp9Mb6

Tracer360 our main competitor because it is also a light-up running vest. The primary advantage
that our product has over the Tracer360 is our ability to mechanically recharge our lights. A
secondary advantage that our product will eventually have is, once we can modify our design for

manufacture, our product will be sold for a significantly lower price.
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Figure 2: Noxgear Tracer360 specifications. (fiNoxgear Tracer360 - Performance Safety
Visibility Vest,0 n.d.)



Code or Standard

Alloy Wire International

Design and Analysis

Codes and Standards

Part

Coil, Wire for LED

American National Standard Running and

Sliding Fits
ANSI B4.1-1967 (R2004) chart

Magnet, Barrel, and
Casing

American National Standard Loose Running

Fit
(C11, h11 or Class RC 9)

Standard Spring Dimension Tolerances

Magnet, Barrel, and
Casing

Spring

Source

https://www.alloywire.us.com/t
olerances/

ANSI

ANSI

https://www.acxesspring.com/
standard-spring-tolerances-for
-custom-and-stock-springs.ht
mi

Table 2: Codes and standards used for parts and tolerances.

Group Quantity
LED 16
LED 16
LED 16
LED 43"
LED 43’
Vest 1
Vest 4
Linear Generator 2
Linear Generator 2
Linear Generator 2
Linear Generator 2
Linear Generator 2
Linear Generator 2
Linear Generator 4
Linear Generator 4
Linear Generator 4

Bill of Materials

Description

LED

LED Casings

Breadboard

Wire

Heat-Shrink Tubing

Vest

Velcro Strips

Casing

Springs

Magnet

Circuitry

Barrels

Barrel Caps

1/4 in.-20 x 2-1/2 in. Zinc Plated Hex Bolt
1/4 in. Zinc-Plated Split Lock Washer
1/4 in.-20 Zinc Plated Wing Nut (4 pack)

Material

TI-3/4 (5 mm) TLCY6800
ABS Plastic

Plastic

PVC insulated 24 Gauge Copper
Thermoplastic

Nylon

Velcro

ABS Plastic

Music wire

Neodymium

PCB & Copper Wire
PVC

PVC

Zinc-Plated Steel
Zinc-Plated Steel
Zinc-Plated Steel

Table 3: Bill of materials for the finished product.




Final Parts
Vest

We chose to outsource the vest part of our design because of the prevalence of reflective
running vests on the market. After researching multiple options, we decided to purchase the
GoxRunx Running Vest (shown below in Figure 3) which is a high-visibility, neon vest designed
for runners (“Breathable Mesh Cycling Outdoor Sports Night Running Vest,” n.d.). Individuals
who run at night already use 3M reflective gear, so we used that existing technology in our vest
choice and design. This vest was selected as it is tighter around the body than other vests, which
dampened unnecessary motion that occurred in the linear generator. The unnecessary motion
decreased efficiency in the linear generator, so eliminating the motion maximized the efficiency

of the generator.

GoxRuax
SUPER-HIGH VISIBILITY & SAFETY ULTRALIGHT & BREATHABLE MATERIAL
_360” Coverage from E_.OU Feet or More The 100% polyster mesh is quick
in All Weather Condition. drying and lightweight.

380)

[

/) AVAILABLE IN 4 SIZES ]
" Perfectly Fit Different Body Shape. ™

INSIDE LARGE ZIPPERED POCKET ADJUSTABLE & COMFY WAIST
Improved Designed for Storing keys, Perfect Adjustable Fit with Long and
cards, iPhone Plus, etc Durable VELCRO Closure,

Figure 3: Screenshots from Amazon of the GoxRunx running vest purchased.


https://www.zotero.org/google-docs/?teRvsk

Linear Generator

We decided to use a linear generator because it was the easiest and most efficient way to
generate electricity while walking or running. We knew whatever device we came up with would
have to be attached to the torso of the body to minimize discomfort for the user. It would have
been much more difficult to attach any type of generator to the arm or leg. The upper chest and
back, however, experiences much less rotational movement and is supported by more of the
body’s bone structure as opposed to the muscles required when adding weight to the arm or leg.

While walking and running, there is a small amount of vertical oscillation of the torso.
We harnessed that energy by attaching the linear generator vertically on the vest. The linear
generator works by allowing a permanent magnet to pass through coils of wire. According to
Faraday’s Law, as the magnetic flux changes around a wire, an electromotive force is induced. In
our linear generator shown in Figure 4 below, the cylindrical magnet is a fraction of the length of
the barrel that it resides in. The wire is wrapped around the barrel and both are attached securely
to the vest, making them stationary with respect to the user’s body. The magnet, however, is free
to move within the barrel. As the user’s body moves upwards when running and back down due
to gravity, the magnet also oscillates at the same frequency as the runner’s cadence. Therefore,
the magnet passes both upwards and downwards through the coil during each period, inducing an
EMF in the coil each time. Technical drawings of the magnet, barrel caps, barrel, and an

assembly of the entire linear generator can be found in Appendix B.
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Figure 4: Exploded view of the linear generator with all components.
Circuitry
As shown below in Figure 5, the circuitry for our device was very simple as it only
included five components including the LED strip. Both ends of the coil of wire wrapped around
the barrel of the linear generator run into the bridge rectifier. This converts the AC current to
DC. As the DC current flows through the circuit, it charges up the battery. The circuit contains a
switch, ensuring the LED strip does not always stay on. When the switch is closed, the battery is

discharged through the LED strip and resistor, in series, which lights up the LED strip.
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Figure 5: Circuit diagram.

Linear Generator Casing

After three previous iterations, our team finalized the linear generator casing design
shown in Figure 6. The casing was printed using FDM 3D printers at the Rapid Prototyping Lab
in the UVA Mechanical and Aerospace Engineering Building. It was composed of ABS plastic
in an ivory color with a plan to paint over it with another color so it would match the vest
aesthetically.

The casing consists of two pieces: the top piece and the bottom piece, shown in images A
and B of Figure 6 respectively. The top piece has a semicircular cross-section and is what faces
outwards from the vest. The bottom piece has a rectangular cross-section and the velcro patch
was adhered to the flat side of it to enable the whole casing to attach to the vest. We used guiding
extremities (shown in image A) that would insert into the holes (shown in image B) to allow the
top piece to sit over the bottom piece securely. We also designed two circular holes on opposite

corners of the pieces for the use of bolts, washers, and nuts to fasten the top and bottom pieces



together. This connection is shown in images C and D, which depict the closed casing assembly
and its exploded view respectively.

Dimensioned, toleranced drawings of what is discussed above are shown in Appendix B.
All drawings were developed in Autodesk Inventor 2019. All tolerances for FDM printing are +/-

0.5%, unless otherwise specified (“Dimensional Accuracy of 3D Printed Parts,” n.d.).

Figure 6: Screenshots of the final linear generator casing design developed on Autodesk
Inventor 2019.

Bolts, Washers and Nuts

In order to fasten the casing to ensure the linear generator does not fall out, we used bolts,

washers and nuts. There were two (2) bolts shown in Figure 7, two (2) washers shown in Figure

10
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