Multi-Disciplinary Senior Design Conference
Kate Gleason College of Engineering
Rochester Institute of Technology
Rochester, New York 14623

Project Number: P10001

BALANCE TRAINING BICYCLE 2.0
Kristin Gagliardi

Christopher Crowley

Mechanical Engineer

Daniel Bradshaw
Electrical Engineer

Mechanical Engineer

Timothy Williams
Mechanical Engineer

ABSTRACT
The Balance Training Bicycle 2.0 is derived from the
need to bridge the gap between a stationary bicycle
and a normal bicycle for patients with neurological
disorders. The Nazareth College Physical Therapy
Clinic commissioned a piece of equipment that would
provide the safety of stationary bicycle, but the
balance challenges of a regular bicycle. This paper
will review the design process and prototype of the
Balance Training Bicycle 2.0. The bicycle was
designed to tilt ±24º from center using elastic cording
as resistance. Both the angle of tilt and the tilt
resistance can be adjusted, the former by exchanging
different lengths of rope attached to the front of the
frame and the latter by adding or subtracting the
amount of elastic cording. A display was integrated
into the design that provides objective data, for the
physical therapist to track progress, and visual and
auditory feedback, for the patient to be aware of their
location in space. After analysis and testing, this
design of the Balance Training Bicycle 2.0 was found
to fulfill the majority of the customer’s needs.
NOMENCLATURE
LED: Light-emitting Diode
PCB: Printed Circuit Board
BACKGROUND
The Balance Training Bicycle 2.0 was a project
commissioned by Dr. J.J. Mowder, head of the

Lindsay Power
Industrial and Systems
Engineer

neurological physical therapy department at the
Nazareth College Physical Therapy Clinic. The
Balance Training Bicycle is derived from the need to
bridge the gap between a stationary bicycle and a
normal bicycle. Dr. Mowder desired a piece of
equipment that can provide the safety of a stationary
bicycle, but the balance challenges of a street bicycle.
The first iteration was completed in 2007 as a
Multidisciplinary Design Project P08001 at Rochester
Institute of Technology. Balance Training Bicycle 1.0
consisted of a frame reminiscent of a street bicycle
which tilted about a horizontal axis, handlebars with a
swinging adjustment, pedals rotating about a small
radius, a spring pin lock, a display with green, yellow,
and red LEDs to signify angle of tilt, and a spring
canister/winch system to control the resistance and
range of the tilting bicycle.
Balance Training Bicycle 1.0 failed too quickly for the
customer to assess the overall system. There was a
catastrophic failure in the cable of the spring canister,
which could not be fixed by the customer, rendering
the bicycle unusable. The pedals were placed in an
uncomfortable position and provided a jerky resistance
that was counterproductive to the balance training.
When the bicycle frame was locked in the upright
position, the spring pin had slop and allowed the
bicycle to rock from side to side when it needed to be
in a stationary position for safe mounting and
dismounting. The resistance from the spring canister
was not constant across the full range of motion and
would cause a sudden free fall before the resistance
would allow for an assisted fall. The display did not
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have a clearly defined center point that gives the
patient clear feedback that they are upright.
CUSTOMER NEEDS
The most important consideration, when designing
Balance Training Bicycle 2.0, was the safety of the
patient and the physical therapist. The bicycle needed
to be a robust design with the ability to make minor
repairs without the need of specialized skills. To
address the perceived safety of the bicycle, when the
bicycle is in the locked upright position the frame
must be completely stationary. The set-up and use of
the Balance Training Bicycle must be simple to use by
the physical therapist. There needed to be a clear line
of sight to the display which needed to consist of a
visual user feedback for the patient’s location in space.
ENGINEERING SPECIFICATIONS
Specifications based on the customer’s requirements
of the finished product were generated. A tilt
resistance range was one of the most important aspects
of the riding experience on the bicycle which was
indicated by the use of up to 8 bungees attached to
each side of the bike. This range simulated realistic
and safe tilting feedback to the patient. Tilt safety
stops then became important to integrate into the
design to prevent any catastrophic falls of a rider
under these tilting scenarios. Four different levels of
tilt were then selected allowing a rider to tilt to a
maximum of 5, 10, 16, or 24 degrees to each side
during a ride. An upright locking mechanism was also
critical to the customer, which was meant to provide
the patient with the ability to mount and dismount the
bike with ease. A specification requiring the bike to
remain locked and stable under all patient loads was
generated.
CONCEPT GENERATION AND SELECTION
In order to analyze the concepts generated for each
subsystem of the bicycle, concept generation matrices
were used. Each concept, in a subsystem, was
compared to a set of criteria using Balance Training
Bicycle 1.0 as a baseline. After completing the matrix,
each criterion was analyzed to look at the possibility
of combining certain attributes in order to generate the
ideal concept.
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Initial concept development and selection for the
frame was based on customer needs and engineering
specifications. These drove the custom design as
opposed to a retrofit of Balance Training Bicycle 1.0
or the use of a traditional bicycle frame. Road bicycle
handlebars were chosen for their intuitiveness and
traditional position, which would not force the patient
to lean uncomfortably far forward during a ride.
The customer desired a typical resistive feel from the
pedals similar to that of a road bike for the pedaling
mechanism. Four main concepts were considered: an
electromagnet, a bicycle tire with a friction pad, a
flywheel with a band, and a weighted flywheel with a
friction pad. The weighted flywheel with a friction
pad was the chosen concept. Using a weighted
flywheel creates an inertia that must be overcome to
start pedaling and the friction pad allowed for the
physical therapist to adjust the resistance for the
individual patient.
The bicycle’s primary purpose was balance training.
The pedals are provided to simulate the action of
riding a bicycle, but not provide stamina training. In
order to verify that the flywheel would possess inertia
a physical therapy patient could overcome, the kinetic
energy equation (Equation 1) was used. The applied
force on the pedal was 16lb, which came from
experimental data of a casual bicycle rider.
1
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2
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The desired angular velocity was found to be 7.3 rad/s.
An off the shelf flywheel with a radius of 4in and a
weight of 8lb yielded an angular velocity of 10.46
radians per second. The difference between the
desired angular velocity and the angular velocity
produced by the flywheel was determined to be
insignificant.

Figure 1: Tilt Concept Selection Matrix
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Table 1: Angular Velocity for a Range of Flywheels

Figure 3: Display Concepts

For the electrical system, sensors were selected based
on customers needs for objective feedback on the
patient’s riding characteristics.
There was little
evaluation of concepts for the electrical systems as
there were few concepts that were generated. Since
there were only one or two concepts, no matrices were
created to compare the concepts. The circuit, to
generate audio and visual feedback, was based off of
the circuit that was designed in P08001. To measure
how far the bike was tilted off center, an inclinometer
was selected since it outputs a voltage based on its
level of tilt. The output of this sensor was used as an
input to a series of comparators that are used to set the
point at which audio feedback will be generated. To
allow for an easy to understand display, a panel mount
analog voltmeter was chosen. Since the output only
needed to be a voltage, a single operational amplifier
was used to increase the voltage signal to generate the
full display range. To allow for separation of the two
sound signals, a digital logic circuit was designed
using exclusive or (XOR), inverters, and NAND gates
(Figure 2).

Figure 4: Final Display

Figure 5: Balance Training Bicycle 2.0

ANALYSIS
Figure 2: Digital Logic Circuit

For volume control a dual gang potentiometer was
selected since two signals would need to be changed
simultaneously. The visual feedback display was
chosen based on customer feedback and consensus
regarding ease of understanding associated with each
design.

A finite element analysis (FEA) was performed on the
base of the Balance Training Bicycle using
SolidWorks Simulation software. A 750lb force was
applied upward to the front right corner of the base.
This was to simulate a 300lb person leaning their
entire weight to one side of the bicycle. The front left
and back right corner had the bottom edge fixed in all
degrees of freedom. The deflection of the frame was
analyzed and found to be 0.002in upward.
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Table 2. Using a set center of mass applied to the top
of the seat vertically downwards, the moment arm
forces on the bike could be determined at 0-24 (48
total) degrees tilt to each side. Tubing attachment
points allows the tubing to be stretched far enough so
the rider receives variable resistance support at the
green, yellow, and red angle levels.

Figure 6: Deflection of Balance Bicycle Frame

Stress analysis was done on the seat post and the
handlebars. The seat post was done as a stress
concentration analysis on the hole where the
adjustment pin sits. The seat was set at the maximum
height and a 300lb force was applied. The maximum
stress produced was 84,249 psi, which gave a Factor
of Safety of 1.11. This was a worst-case scenario and
a steel plug was added to support the stress.

Based on the range of patient weights from 100 to 300
lbs, the force required to keep the bike in equilibrium
at each angle from 0 to 24 degrees to each side was
calculated. This calculated force was then used to
determine the tubing force necessary to support a
patient load. Table 1 indicates the total number of
bungees to be attached to bike frame to support a
specific patient. A maximum of 8 bungees are
required to be attached to both sides of the bicycle to
support a 300 lb patient.

Table 2: Number of Bungees for Various Patient Weights
Figure 7: Seat Post Stress Analysis

BUILDING

The stress analysis done on the handlebars was using
the scenario of a patient falling into the handlebars.
The handlebars were placed at their maximum height
and a 300lb force was applied horizontally at the top
of the handlebars. The maximum stress at the base of
the handlebars was 51,173psi. This gave a Factor of
Safety of 1.8.

Figure 8: Handlebar Stress Analysis

In order to determine the correct amount of elastic
bungees to use for the range of patient’s weights stated
by the customer for the bicycle, hand calculations
were done to determine the forces exerted by the
patient onto the bicycle. Given a patient’s weight, the
number of bungees required to support the patient
depending on their balance experience are listed in

The frame was modeled in Solidworks, and built from
4130 Chromoly Steel, that has been fully TIG welded
for strength and safety. The dimensions of the
Balance Training Bicycle are 30” by 40” and were
based off of the need for small footprint in the
Physical Therapy Clinic but still take into account
stability for safety. The handlebars and seat are
adjustable from the range of 36.5” to 49.5” and 32.5”
to 40.5” respectively. Guards were installed to ensure
both patient and physical therapist safety from rotating
parts. The handlebars can be unlocked and can rotate
freely to increase the feel of a real bike as well as to
introduce an additional level of instability for the
patient. The step through height of the bicycle is
6.5in, which is roughly the height of a stair step, to
provide easy step over and prevent the patient from
tripping. The frame can tilt through -24 degrees to +24
degrees. Caster wheels have been incorporated to
allow the bike to be moved safely and easily.
A preliminary circuit was designed using Pspice
software. This was designed to verify that the
proposed design would function as desired. After the
Pspice simulation was completed, the circuit was
prototyped to verify real world functionality. When the
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prototype circuit was complete and working a PCB
was created using PCB express software. After the
PCB was fabricated and received, the circuit was
assembled and its functionality was verified again to
make sure there were no errors in the layout of the
PCB.

TESTING
In order to test the concept of using elastic tubing as
tilt resistance, tubing was attached to Balance Training
Bicycle 1.0 to assess feasibility of tilt support system.
Once the elastic tubing had been selected as a feasible
concept, testing was done using ASTM standard
section D348-07 performed on sections of the
elastomeric tubing to determine its level of resistance
at a percentage of its stretched length. Bungee/tube
samples stretched to approximately 50% of unstretched length output 30 pounds of resistance.
Once the elastic cord was determined to be a
satisfactory material, the end conditions of how the
cord was attached to the bicycle needed to be tested.
Two different end conditions were tested: (1) a slit
made in the cord and the end passed through to create
a knot and (2) a bowline knot. After performing a
fatigue test of 100 cycles, the slit in the first condition
was creeping and could not be used. The bowline knot
did not loosen or move and it was determined to be the
ideal end condition for the elastic cord.
After assembly of the rope clamp safety stops, the
looped ends of each rope were slipped into the
carabineers, which were attached to metal loops
welded to the base and handlebar support post of the
bicycle frame. These safety stops were built to allow
the bike to tilt to 5, 10, 16, and 24 degree angles to
each side. Using an angle gauge, the accuracy of these
tilt angles were checked and the rope lengths were
adjusted accordingly until specifications to within a
1.5 degree tilt angle for each set of ropes were met.

CONCLUSIONS AND RECOMMENDATIONS
If the project could be repeated there are a few things
from an electrical standpoint that could have been
done differently. First, more time could have been
spent researching methods to implement a hit counter
for the bicycle. Another thing that could have been
done differently was if the PCB was started earlier. If
it had been started earlier there would have been more
time to check it over and fix anything wrong with it,
so that it could be reordered.
As for future work that could be done, there are
several things that could be accomplished on the next
iteration of this project. The major work that should be
focused would be to research more objective data
sensors, redo the PCB board so that it is laid out in a
way that makes it easy to mount, and to fix the
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problems that exist on the current PCB. Some of work
that could be done includes making wire harnesses for
the PCB and changing the meter so that it is more of a
digital display.
The development of tilt resistance and safety
mechanisms onto the bicycle proved to be challenging.
Many of the initial concepts required significant
design analysis and ultimately would have required
extensive machining to incorporate. The chosen
tubing for resistance and rope safety stops may not be
the most robust or optimal options, but being off the
shelve parts had a great effect on the decision process.
Tubing used for the tilt resistance should be life cycle
tested to assess its durability over extended use
periods. The safety rope and clamp system required
troubleshooting to get the bike to remain at the proper
tilt angles. A more robust safety stop design would
likely be made of harder materials to ensure lasting
quality of the product.
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