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gears. The entire generator system was
ABSTRACT
designed to fit in the heel of a
A power generating system was designed to
passively harness some of the kinetic energy
standard running shoe, with the rotary arm
available during walking the system
compressing once during each heel strike.
included a rotary arm extending down from
The final system produced a peak power of
the sole, which ultimately drove a pair of
1.61 Watts during the heel strike and an
small electrical generators through a
average power of 58.1 mW across the entire
stepped-up gearbox. A one-way clutch
gait. To maximize power transfer, an ideal
mechanism was used to transmit torque to
load was determined for the two DC
the gearbox. This allowed for additional spin
generators connected in series. While the
following the initial impact of a step, also
average power generated was below the
preventing lockup due to rotary inertia in the
desired 250 mW, initial calculations show
                                                                                                                                                                                                                                                                                                                                

this level can eventually be reached or
bicycles, to hand-crank flashlights However,
exceeded with the addition of a flywheel to
only a relative few, such as the Swatch Auto
each generator shaft, or a spring to store
quartz, Seiko AGS, and Seiko Thermic
more energy from the heel-strike.
watches, actually make passive use of
everyday motion and energy produced by
Introduction
the body. By tapping into the many complex
Background Information
functions the human body performs daily, a
In today’s world, computers, as well as
relatively large amount of power could be
electronic devices, are becoming more and
produced.
more integrated into everyday life. These
The following are estimates of the power
seamless integrations focus on mobility, but
that could potentially be generated through
at the same time strive to be self-effacing to
common movements:
the end user. With the introduction of
Breathing – 0.42 W
personal data assistants (PDA’s) and
advanced cellular phones capable of
Blood pressure – 0.37 W
searching the web, true mobile computing is
Exhalation – 0.40 W
closer than ever.
Footfalls – 5 W
Unfortunately,  battery  technology  which
Most  notably,  the  available  power  from
powers most of these mobile connectivity
footfalls would be more than enough to
solutions, has not kept up the same pace of
quickly charge a battery or continuously run
improvement. Single use batteries continue
devices such PDA’s, cellular telephones,
to be bulky, expensive, and unreliable, in
and even wearable computing devices.
addition to costing millions to dispose of
each year. And, while impressive gains have
been made in rechargeable battery
General Overview
technology over the past decade, these types
The  goal of  this  thesis is  to  ultimately
of reusable energy sources are still
design a relatively high-power, yet
struggling to reach single-use levels     one
reasonably unobtrusive power-generating
alternative to carrying relatively large-
shoe module. The research focused on the
capacity batteries is to harvest the energy of
design and implementation of a permanent-
everyday human motion and use it to power
magnet/inductance device due to its
mobile devices. Examples of human
potential robustness, simplicity, and
powered objects range from, eggbeaters, to
efficiency. In addition, methods of extended
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energy storage, such as flywheels or springs,
frequency signals representing music, and
would be taken into consideration for use
convert them to linear motion in the cone.
with the generation source. While it was
This method of generation takes linear
desired that this device produce close to a
motion, via a heel strike, and converts it to
Watt in power, its integration into a standard
electrical power.
shoe took precedence. In other words, the
2. Rotary Methods
first priority was to constrain the power
A  more  efficient  route  to  power
generating to module to fit seamlessly into
generation would be to directly drive the
the heel of a shoe, and then optimize the
magnet during the heel strike instead of
design to produce the greatest amount of
letting it react inertially. Rather than
output power.
oscillating the magnet in one dimension, it is
much more efficient to rotate the magnet or
surrounding coil.
Design and Methodology
Initial Concepts
In order to narrow down the possible
means of generating power through a heel
strike, one method of power conversion was
picked. This entailed a permanent magnet –
coil setup, whether it is through rotary or
Rotary Power Generation in Heel
linear means. Various concepts that were
explored also included adding mechanical
energy storage, such as springs or flywheels.
3. Two-Way Rotary
the following methods are existed to
A rotary generator is thus used in a
obtained electrical power from common
system that converts a linear heel strike into
footwear
rotary motion through the use of a rotating
1. Linear Vibration System
arm. The arm compresses by a centimeter,
This system simply entails a magnet
which has little effect on the gait of the user.
suspended by springs, surrounded by a
The converted rotary motion is miniscule
voice coil. Here, the method of power
however, and must be stepped up
generation is essentially the opposite of
mechanically with a gearbox in order to turn
power consumption by conventional
a generator at normal operating speeds. This
speakers. Audio drivers take in various
method is termed “Two-Way,” because it
utilizes a spring, also compressed during the
also needed to be made, including the
heel strike, to produce power on the return
approximate duration of heel compression
stroke of rotating arm.
for the system. From this, a corresponding
initial angular velocity was found.
4. Rotary Clutch
Motor Selection
The rotary clutch system was the design
that was ultimately decided upon it is
To  select  the  proper  generator  for  the
extremely similar to the two-way rotary
system, each DC motor (used as generators)
system, however does not make use of the
was tested for its power output. A
rotating arm’s return stroke to generate
tachometer jig was made by placing a
power. Instead, a clutch system transmits
slotted optical wheel between a driving
torque through the arm in one direction, and
motor and generator. The driving motor and
allows for free spinning in the opposite
generator were then coupled together. To
direction. Since a change in the direction of
determine the rotational velocity, the slotted
the gearbox is no longer an issue, an
optical wheel spun through an infrared
increased rotary inertia in the gearbox can
emitter detector pair, whose output was read
now be utilized to produce additional power.
on an oscilloscope. The output of the
Based on estimations, it was determined that
generator was then connected to a load, with
enough additional power could be produced
the resulting voltage recorded at various
to offset the fact that the return cycle is no
speeds. The load connected to each
longer used.
generator was initially set to be equal to the
impedance across the generator leads. Using
Design Process
the following equation, power versus speed
In order to further the concept that was
curves was generated. From this, it was
decided upon, additional research and
decided that a pair of 12-Volt DC motors,
experimentation needed to take place.
rated at 10,000 rpm, were the most efficient
Various one-way clutch designs were sorted
out of the sample set for producing power at
through, as size constraints were a key issue.
this velocity.
In addition, a wide range of miniature DC
Gearbox Design
motors were bought and tested for both
efficiency and power output. Conventional
To begin the design of the gearbox,
motors are known to reach 20-90%
specific design parameters were first set.
mechanical-electrical efficiency when
The major requirements were:
working as generators. Several calculations
Total length of gearbox < 2 inches
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Gear diameters to fit in heel of shoe
further design revisions.
< 0.75 inches
Smaller gear able to fit on 1/8 inch
shaft
Low rotational resistance
Rigid enough to take weight of
average human
Final gearbox layout
To avoid critical stress on gear
teeth, gear ratio < 1:50
Based on these parameters and the
Clutch Mechanism
availability of specific gears, it was decided
The main goal of the clutch mechanism
that an overall ratio of 1:42 would be used.
was to provide torque transmission to the
This ratio was found after several iterations
gearbox in one direction only, while
through both gear layout and sizing. The
allowing free spinning in the other direction.
final gears selected are shown below. The
This was achieved through the use of two
gear pitch of 48 was chosen because it was
roller bearing clutches, coupled together.
the smallest pitch (least rolling resistance)
The input of the rotating arm fed directly
that could handle the amount of loading seen
into the roller clutch, which transmitted
by the system. Ball bearings were chosen as
torque to the rest of the gearbox. In order to
rotational supports for the drive train
allow the rotating arm to return to its
because of their resistance to wear, as well
original position, a torsional spring was
as to minimize friction. The rotational arm,
fitted to it, and anchored to the outside of the
which was originally constrained to
housing.
compress 1 cm, was finally set to compress
3.2 cm in order to alleviate any excessive
force felt by the user. This compression
distance is relatively large however, and will
be reduced to the recommended 1 cm in
Rotary clutch mechanism
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Future Improvements
Conclusion
As  mentioned  previously,  the  greatest
The  current  system  produces
improvement to this power generating
approximately 59 mW of average power,
system would come in the form of an
and 1.6 Watts of peak power. In this current
additional energy storage device. Both a
state, the power output is attractive, but still
flywheel and torsional spring would allow
a bit low to justify regular use, considering
for power generation to take place long after
the added mechanical complication.
the initial impulse, if not through the entire
However, it was successfully demonstrated
cycle the magnetic device of the previously
that relatively large amounts of peak power
mentioned prototype used a relatively large
could be produced, through the use of
flywheel, however had to be mounted
traditional rotary generators placed in the
inconveniently outside of the shoe. It is
heel of a shoe. By using simple mechanical
estimated that an additional 150-250 mW of
energy storage systems, it is possible to
power could be generated if properly sized
lengthen the amount of time during which
flywheels were attached to each generator in
power is generated through the initial
the system. This estimate takes into account
impulse. These storage systems can provide
the electro-mechanical conversion
up to an additional Watt of power with a
efficiencies of the generators.
spring, and 250 mW with flywheels, while
using common components that still fit in
the shoe sole. Other methods of increasing
Output Velocity Calculation:
the average power output of the system can
Average foot strike velocity
Vs
= 0.4 m/s
include increasing the peak voltage, instead
of pulse width. The latter method is
Desired angle of rotation
= 40 degrees
preferable however, as it distributes power
Desired compression distance
Lc
=
generation over a longer period of time,
0.03175 m
reducing peak mechanical stresses within
Gear ratio
G
= 1:42
the system.
Rotational velocity of output shaft  :
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