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ABSTRACT

Genetics, diseases, or injury can significantlgrah person’s gait-patterns. In
some cases, a person’s physical ability to staddagaik on their own are impacted to
the extent they need assistance. Assisted watlenges play an important role in
helping to improve gait-patterns and leg strendthese devices reduce loads applied
to the legs during gait maneuvers and help a peamprove leg coordination and
muscle strength. Individuals who spend a lotmktin wheelchair or bed type
positions may find that assisted walking equipnamt often contribute towards the
improvement of other associated health conditiaich sis poor circulation and

decubitus ulcers.
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There are several variations of assisted walkewgogs (also known as gait-
trainers) on the market today. They can be ldvgky, visually unappealing, have
few adjustments, and require assistance from ajistror caregiver to position a
patient into or take them out of a device. Theenger friendly and convenient a
walker is to use, the greater the opportunity thefer the person using it to stay
focused on improving gait-skills and interactinghwtheir environment.

Presented in detail, within this thesis, is timafidesign of a new, supported
dynamic walker known as the Gait Master™ produce®ihlholland Positioning
Systems, Incorporated. The new design is visugdjyealing to the eye, incorporates
important safety features, and is easily adjustalblee Gait Master™ was designed
so that it can be entered, operated, and exitgdgdbyhe user with no outside
assistance (once proper training and approvaviesngby physical therapist or
doctor). The unit is designed to fit users anywlfesm the early teens to adulthood.
It is extremely adjustable in order to “grow” wittie user over years of use. When
not in use, the device can be folded and/ or quididassembled for storage or
transportation. Promoting the awareness of how-sapportive dynamic gait-
trainers are beneficial to patients is importarrger for health insurance institutions
to understand why these devises are critical taléwelopment of a patient’s gait-

patterns, environmental interactions, and persaedlibeing.
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CHAPTER 1: INTRODUCTION

1.1Introduction

Genetics, diseases, or injury can significantlgrah person’s gait-patterns. In
some cases, a person’s physical ability to staddagaik on their own are impacted to
the extent they need assistance. Assisted watlenges play an important role in
helping to improve gait-patterns and leg strengthese devices reduce loads applied
to the legs during gait maneuvers and help a pamsprove leg coordination and
muscle strength. Individuals who spend a lotmiktin wheelchair or bed type
positions may find that assisted walking equipnamt often contribute towards the
improvement of other associated health conditiaah sis poor circulation and
decubitus ulcers.

There are several variations of assisted walkangags (also known as gait-
trainers) on the market today. They can be ldvgky, visually unappealing, have
few adjustments, and require assistance from apistror caregiver to position a
patient into or take them out of a device. Theengser friendly and convenient a
walker is to use, the greater the opportunity thefer the person using it to stay
focused on improving gait-skills and interactingtwtheir environment.

Presented in detail, within this thesis, is tmalfidesign of a new, supported
dynamic walker known as the Gait Master™ (Figufel).now produced by
Mulholland Positioning Systems, Incorporated (Muidwad Positioning Systems).
The new design is visually appealing to the eyepiporates important safety
features, and is easily adjustable. The Gait M&teas designed so that it can be
entered, operated, and exited by just the usernatbutside assistance (once proper
training and approval is given by physical theraprsdoctor). The unit is designed
to fit users anywhere from the early teens to &aldl. It is extremely adjustable in
order to “grow” with the user over years of useh@&h not in use, the device can be
folded and/ or quickly disassembled for storag&amsportation. Promoting the
awareness of how semi-supportive dynamic gait-@raiare beneficial to patients is
important in order for health insurance institudo understand why these devises
are critical to the development of a patient’s gaitterns, environmental interactions,
and personal well being.
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a) b)
Figure 1.1.1: The Gait Master™ by Mulholland Positioning Systems
a) with a user, b) without a user

1.2 Design Criteria

In order to design a product that was unsurpalsgede comparable market,
many attributes needed to be incorporated intdshie Master's™ operating
characteristics. There were many items that rankeg high on the design list.
These included:

Self loading into the unit

Self unloading out of the unit

Assistance from squat-to-stand positions

A dynamic support suspension while walking

Height adjustment control while user is in the unit
Hands-free user operation

Sternum and thoracic supports

Extreme adjustability for a wide range of users

Allowance for close user interaction with surrourglenvironment
Be lightweight and easily adjustable

Allow the unit to be able to “grow” with the userfyears of use
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Other important features included: outdoor tercapability, locking caster
wheels about the vertical and horizontal axes, @aay into the unit, collapsible
frame, narrow base for door passageways, and bwrvipesls to prevent wall
scuffing. Another important feature is the deviegl to be manually operated and
not use any electric motors to help lift or move tiser in any way. In other words,
the unit had to be completely human-powered. Alsedevice must offer quick and
easy adjustments to allow different sized userptrate the device, and users had to
feel safe and secure in the device. To help premasér exploration and better
interaction with the surrounding environment, tftemate design needed to limit the

amount of support framework in front of the user.
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CHAPTER 2: BACKGROUND

2.1 Intended Users

There are many reasons why someone would warsetohe Gait Master™ as
one element of their therapy program. The maigetapopulation of the Gait
Master™ includes individuals who want to have tfeeflom to use a gait-training
type device in an out-of-clinic and unassistedsgtt However, this does not limit
Gait Master™ users to only non-assisted therapy@mwents.

In order to be a self-dependant user of the Gagt®bt&", the user must be
able to assist themselves out of a sitting postgiod into the lowered seat of the Gait
Master™, and have an adequate amount of trunk mn@entrol to secure
themselves into the device. A professional (such doctor or physical therapist)
must first observe the unassisted body controtwagsiof an individual before they
would be allowed to operate the unit in an indeendetting. Again, this does not
limit the use of the Gait Master™ from being usgdsbmeone who needs assistance
getting in and out of the unit. All Gait Master™eaus must first use the device with
the assistance of a therapist until it is deterchimg a professional that the individual
can safely operate the unit independently.

The Gait Master™ is designed to help the useravggait-pattern, promote
muscle endurance/strength, and make explorationnagchction with the
surrounding environment much more accessible. [Bewpo might find value in
using this device typically have conditions thatlirde, but are not limited to:
traumatic brain injuries, ataxia (failure of musamutoordination or irregularity of
muscular action), incomplete spinal cord injuredylt and adolescent cerebral palsy,
near drowning where brain damage occurred, orthombafunctions, joint
replacements, sports injuries, and rehabilitatifrsomeone needs help to improve
gait-pattern and/or needs supported assistancallg the Gait Master™ is an
excellent tool to help achieve these goals.

2.2 Benefits Of Gait-Training
Partial weight bearing gait-training therapy isigportant aspect of a lower
limb rehabilitation or development program. Gaathting therapy is applied over a
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period of time as the patient applies more and mbtkeir body weight to their legs.
Usually, the main goal of a rehabilitation therggggram is to improve lower leg
ability to that of near-normal function, and tostmin a manner that allows the user to
be mobile. In the cases where a patient has ailliggusually caused by genetics or
damage to the brain), the gait-training progranpéiéhe individual (usually a child)
to learn or relearn how to properly control and tsar legs for standing and
walking. Typically, a patient needs a prescripticom a physician to make sure they
are an appropriate candidate for gait-trainingapgr

Regaining the ability to walk through a weight eélgait-training program
allows a therapist to assist a patient by (Sister):

Decreasing the weight load to the legs

Presenting an environment where falling is lesslyik
Supporting an upright posture in an optimal manner
Increasing the ability to make corrections conaggnmproper
walking patterns at an early stage

Allowing the gait-training process to begin muchlieain the
rehabilitation process

Being able to start the gait-training process halividuals with
reduced physical ability

A study conducted on passive standing therapy dstraiad that this activity
could prevent, reverse, or improve many adverstffof prolonged immobility.
Some benefits of passive standing include: prewarir reversal of osteoporosis
(reduction of bone mass) and resultant hypercaécilarge amounts of calcium in
the urine), prevention of contractures (a conditbfixed high resistance to passive
stretch of a muscle) and improvement in joint raofeotion, reduction of spasticity
(a spastic form of cerebral palsy), improvemerreimal (kidney) function, drainage
of the urinary tract, and reduction in urinary cgil¢abnormal concentration of
mineral salts), prevention of pressure ulcers, ouement in circulation as it relates
to orthostatic hypotension (the occurrence of ld@od pressure when rising form a
chair or bed), other benefits of good circulatiang improvement of bowel function
(Altimate, 40).

Even though the main focus of weight relief gadgtittiing therapy is to allow
proper walking patterns to develop and to reinfahoese patterns, there are many

other important benefits of gait-training theragyf most importance is the decreased

5 M. E. Steele 2005



stress on body functions when decreased loadgaleadto the legs. Studies have
shown that individuals using weight relief gaititiag systems had lower
systolic/diastolic blood pressure and heart ratgescverses non-weight relief gait-
training individuals over a range of gait speedsayebral palsy patients (McNevin,
526-7). This same study stated that individuaisgue/eight relief gait therapy
showed less perceived exertion, and were able lioata faster overall gait-speed.
The outcome of the study showed the amount of edgbenergy used to walk was
less when a weight relief system was used.

Using a gait-trainer that gives the user propardal support (to help prevent
collapse of the upper body) allows for better wadkpattern opportunities to develop.
Correct truncal support is also important for dalgesocial interaction while either
walking or being stationary (Stallard, 126).

Weight bearing is an essential part of buildingpgroskeletal structure,
especially in the lower legs and hips. This idipatarly true for young children (0 to
4 years) who have extremely limited lower leg fimet A study was preformed on
200 children, 100 who did not bear weight on thegs before the age of 4, and
another 100 who had done so. The study conclutad®6% of children in the non-
weight bearing group had coxa valga (a deformitthefhip in which the angle made
by the femoral neck and the femoral shaft is ineeely compared to only 3-4% in the
weight-bearing group. It was further concluded tha extra occurrence of coxa
valga was due to late weight bearing along withs8pidy and contracture (Phelps,
440-8). An additional study showed that with wetighief gait-training there was an
increase in the femoral neck bone mineral conteMt) and also the volumetric
bone mineral density (vBMD) in spastic cerebrakgah children around nine years
of age. Insufficient bone mineral density is aon&jause of hip fractures. For every
1% decrease of volumetric bone mineral densityetigea 3-fold increase in hip
fractures. This study showed that after eight mewif activity, the volumetric bone
density increased by approximately 28% (Chad, 1)16-7

2.3. Insurance Coverage

With non-electronic weight relieving gait-trainergsting easily in the two to
four thousand dollar range, most patients requireestype of medical insurance to
be able to purchase this type of device. Surmigjrthis coverage is sometimes hard
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to come by. Medical equipment, like the Gait Ma8temust have a Healthcare
Common Procedure Coding System (HCPCS) code idspdte Statistical Analysis
Durable Medical Equipment Regional Carrier (SADMBRCorder for insurance
companies to cover some or all of the product’'s.c8ADMERC is a national
insurance company that contracts with the Centerdedicare and Medicaid
Services (GM Associates).

SADMERC is a liaison between medical suppliers,

manufactures, and the Center for Medicare and NtifServices to

determine which Level Il HCPCS codes work bestMedicare-

reimbursed durable medical equipment, drugs, agsigprosthetics,

and medical supplies. (Plametto GBA)

The manufacturer of a medical product must subom8ADMERC a
SADMERC Coding Verification Review, which includdstailed information about
the product, in order to apply for coding apprai@M Associates). This information
includes brochures, instruction manuals, and afe@gtion as to why the product is
useful and beneficial to users. Additionally, e tcase of the Gait Master™, a fully
functioning model of the unit must be made avadablSADMERC. When all of
this is complete, SADMERC decides what percenhefgroduct’s total cost the
government is willing to pay, and this amount ierenced by the code assigned to
the product (GM Associates). Many private insueacempanies also use the
HCPCS code to determine the amount of coveragedaidual will receive (GM
Associates).

Therefore, it is very important to have a HCPC8ecassigned to the Gait
Master™ that gives a large percentage of reimbueséno the customer. This way,
the cost of the Gait Master™ paid by the user dpgicenter, institution, etc. is not a
major factor in the decision to buy one. Howewdtaining a higher reimbursement
rate HCPCS code is not always an easy task. THEVERC group may say that the
Gait Master™ is not all that beneficial, or thatrd are other “walking aid” products
that cost a lot less. They may use the argumanttihormal “walker” (Figure 2.3.1-
a), roughly $100 to $400, is just as good as thBEBGait Master™ (Figure 2.3.1-
b), and not want to pay for the more expensive pecodAdditionally, it may be
considered a “luxury item”, and not covered forttteason. Obvious visual
differences between Figures 2.3.1 and 1.1.1, stgjgey are not the same thing and
were designed to meet different, vital user needs.
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Figure 2.3.1:An assistive walker, the Rollite Rollator, by lvaae

Additionally, some people believe that the goveentis medical systems are
spending money and focusing efforts on the treatmed of a problem verses the
prevention of a problem. It is a valid argumenstpport investing a few thousand
dollars on the Gait Master™ as a device that cbelgd prevent tens of thousands of
dollars in hospital stays, surgeries, and recoeesfs. Therefore, the word must get

out as to why the Gait Master™ is such a benefmiatiuct.
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CHAPTER 3: INITIAL DESIGN

3.1 Initial Idea

| was asked by Larry Mulholland to help design detelop a new product
line for his company. Larry is the president ofINalland Positioning Systems,
located in Santa Paula, California. In order ttyfunderstand the scope of the
project, plans were arranged to visit his busirmgsbdiscuss the goals and initial
steps of the project.

The design would use four legs with swivel casétached. Legs would be
connected to two sets of telescoping vertical tutth one set on the left and one on
the right side of the unit. Caster legs would t®ta reduce space for storage and
transportation. Within each set of telescopindigal tubes would be a gas spring,
coil spring, and a height adjustment device. A ‘8vaped tube would run parallel to
the ground and connect to the two vertical sidesubNhen a user is in the device,
the apex of the “U” tube would be in front of therpon, near waist level, and the “U”
would wrap around the left and right sides of teeru Connected to the apex of the
“U” tube would be a center vertical square colunithwavities running along its
length to accept mounting hardware. Attached ¢éoctimter vertical column would be

a seat, as well as thoracic, upper back, and stesupports.

3.2 Coordinate Orientation

An x-y-z coordinate system is used in this thésiselp better understand and
describe the functions, parts, and setup of theé I@aster™. The floor/surface on
which the Gate Master™ user walks is the x-y plafilee positive x-direction is in
the direction that the user’s right arm points whefd horizontal to the floor along
the body’s frontal plane. When the user looksigitaforward, they look in the
positive y-direction, and the positive z-directimms upward from the floor surface.
Refer to Figure 3.2.1 for coordinate orientationwtithe Gait Master™. Note, there

is not set/fixed global origin.
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Figure 3.2.1:Coordinate orientation about the Gait Master™

3.3 Compression Springs

The main function of the coil springs (Figure 3)3s to provide dynamic
weight relief as the user moves through their gaitern. When a human initially
takes a step, the vertical location of their hifftsldown (-z-direction) and then up
(+z-direction) (Figure 3.3.2). Therefore, the safahe Gait Master™ must be able to
move freely up and down with the user’s hip duragh stride.

The use of compression springs allows the franmerevthe seat is attached,
to move up and down with the hips. Compressiomgprmrovide an upward force to
the pelvic area throughout the entire gait maneuVé&e lower frame (consisting of
the caster legs, vertical stabilizers, and horiabstiabilizers) was designed to be
vertically fixed to the floor (x-y plane), and thpper frame (consisting of the vertical
sliders, “U” tube, center vertical column, seatrigg thoracic support, and sternum
support) was allowed to move in the up and dowdiigetion) by compressing and
expanding the compression springs located betwezngper and lower frame
members (Figure 3.3.3). Initially, while in thesting position, the user feels
upward pressure from the seat due to the springg ladready partially compressed
in order to reduce the amount of the user’s owrghtdbeing applied to their legs. As
the user takes a step, the seat (along with thefése upper frame) moves toward
the floor and further compresses the springs. Waif through a step the pelvic area

moves away from the floor, and the seat automégicabves up at the same time. As
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a result, the compression springs provide contisweeight relief to the user’s legs

throughout the entire gait maneuver.

Figure 3.3.1:Coil spring

Figure 3.3.2:Vertical displacement of hip joint during gait (#a 1)

Figure 3.3.3:Location of coil springs

3.4 Locking Gas Springs

Along with the compression springs, a pair of lagkgas springs was used.
These springs were designed in such a way theydaasdist the user of the Gait
Master™ with getting into an upright standing pasit Non-locking gas springs are
commonly found on residential screen doors to ldeps from slamming shut. A
locking gas spring has the same overall appearduot@icorporates several major
differences. The cylinder of a locking gas spiimgressurized, so the spring’s rod

will always tend to be pushed out of the cylind&here is also a release button on
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the exposed end of the rod. When the button isedspd, it allows the rod to be
“released” from a fixed stroke length position.sdJ the rod can only move while the
button is depressed. Therefore, in order to shdrle amount of stroke (Figure
3.4.1); 1) the button must be depressed, 2) a foncst be applied along the axis of
the rod that is greater than and opposite to theeftyying to push the rod out of the
pressurized cylinder, 3) permit the rod to slidedads the cylinder, and 4) release of

the button when the desired stroke length is met.

h¥

a)

 —
b)
Figure 3.4.1:Lockable gas spring, a) extended rod, b) retracidd

To increase the amount of stroke, the same stedslowed with the
following exceptions. The external force beinglaggpto the rod has to be less than
and opposite to the force trying to push the rod @r, the external force on the rod
has to be along the same direction of the foraegdrio push the rod out of the
cylinder. Easylift of North America, Inc. suppli¢ite lockable gas springs used in
the Gait Master™. Within limitations, gas sprirggs be ordered with specific
cylinder pressures, stroke lengths, cylinder/r@dters, and mounting fittings.

Gas springs were used to increase and decreakeitte of the upper frame
by approximately 4.13 inches as measured in thieezttbn (Figure 3.4.2). A person
entering the Gait Master™ (from the rear) mustlile o maneuver their pelvis up
and over the unit's seat. One gas spring was oisdle left side of the unit, and
another on the right side. Both gas springs anellsaneously actuated via a user-
controlled gas spring release lever. These spatig® the seat to be in a lowered
position when a user maneuvers themselves intarthie Once the user is secured
into the Gait Master™, the gas springs are actuaiéen, as the user applies
pressure to the floor by using their legs, the ni@me (along with the seat) raises to
the user’s standing position. The gas spring actus released when the desired seat

level is obtained.

12 M. E. Steele 2005



a) b)
Figure 3.4.2:Gas spring height adjustment of upper frame,
a) rod retracted, b) rod extended

The total combined force exerted in the +z-digcthy the two gas springs is
less than the user’s body weight. Gas springs des@ned this way so the user can
overpower the upward force of the springs to lotherheight of the seat and upper
frame. Actuating the gas springs, while the uskxes their leg muscles, lowers the
seat. The users own body weight compress thepgags, thus lowering the seat
making departure easier. When the seat is lonatede way, the gas spring

actuator is released.

3.5 Telescoping Tubes

Telescoping tubes were used to allow z-directiomavement between the
upper and lower frames. This allowed displacenrently the z-direction. The
shape of the telescoping tubes was such that biss ttould not rotate about their
shared long axis. This helped to improve rigidigtween the upper and lower frame
members. For example, two telescoping square twbakl meet this requirement
quite well, whereas two round telescoping tubesldaot.

The outermost telescoping tube was fixed to thestdrame with its long axis
running in the z-direction. The inner telescoptnige was fixed to the upper frame
with its axis centered about the outer tube’s akdse pair of telescoping tubes was
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located on the left hand side of the unit, and lagopair was located on the right
hand side. The overall setup and features of tieNkaster™ gave a mirrored
appearance about the user’s sagittal (y-z) plane.

Within each telescoping tube arrangement is aihgcgas spring and a coil
compression spring. One end of each gas sprifixeid to the outer telescoping tube,
and the other end rests underneath the inner tgdegrtube. When the gas spring is

activated, it tends to push the inner telescopibg twup (+z-direction).

3.6 Caster Legs

Caster legs were attached to the outer telescapbes. A joint between the
caster leg and the outer telescoping tube enalblelul & the caster legs to be angled
in different positions. This allowed the “footprirof the caster legs to decrease
when the unit is transported or put in storagee &hd of the caster leg (opposite to
the joint) has a swivel caster attached to it. Gasters allow the Gait Master™ to
roll along with the user during their gait movemegiach caster leg has a slight
outward angle away from the central y-z plane ifilihtype fashion. Casters are
mounted on the front right, front left, rear rigahd rear left corners of the unit. The
Gait Master™ can be maneuvered in any directiomlrse each caster rotates

independently about its own vertical (z) axis.

Figure 3.6.1:Caster legs
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Each rear caster has a brake. To keep the resglsvftom rotating, the user
can actuate the brakes. Also, each rear castiee bean be independently engaged.
The main use of the caster brakes is to lock te&eca rotation while a user is getting
into and out of the unit. This feature is alsgofidl when the floor surface is sloped,
and the user wants to take a rest while still eé@ait Master™. Users can lock the
back caster wheels in place, and not have to @sel#dy muscles to keep the unit in
one spot on the floor.

Another important feature of the rear casterkhas they can be locked about
their vertical axis so the wheels can only rollngdhe floor, but not turn (similar to
how the front wheels of a car turn when the stegwheel is rotated). If a user needs
to concentrate on their gait-pattern, verses dorat control of the device, then the
swivel of the rear wheels is locked. This allows tinit to mainly transverse in the
forward and backward (+/-x) direction. The unihadill turn (like a shopping cart),
but not transverse in any direction (like an offat&ir on casters). If desired by the
user, a caster swivel lock can be added on tortm €asters to lock them in the same
way as the rear casters. This option is not alstanfeature of the unit.

At the most outreached point of each caster legianti-marring or bumper
device. Users of the Gait Master™ usually do rastehvery good directional and/or
obstacle-avoidance abilities, and these bumpepstbeirotect walls and furniture
from getting dings and scratches.

3.7 “U” Tube

The “U” tube is a major element in the stabilifytioe Gait Master™. Its
purpose is to provide a rigid fixture on which tount the left and right inner
telescoping tubes. As the name implies, the “Wetis bent in the shape of a “U”
The sweep of the “U” tube lies parallel to the plgne and the apex of the “U” tube
points in the positive y-direction (Figure 3.7.0jhe height of the “U” tube is
approximately waist level to the user. The distabetween the tubes of the “U” is

sufficient to allow the user to be surrounded kg/ltlar on three sides.
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Figure 3.7.1: The “U” tube

Located at the apex of the “U” tube is the moumtocation of the center
vertical column, or “two-track” as explained in tfedlowing section. Also, attached
to this central column are the seat frame, thorsigpport, and sternum support.
Additionally, located at the apex of the “U” tulsethe gas spring release lever for the
lockable gas springs. This central location alléarseither left or right-handed use
of the lever.

Another important feature of the unit’s heightuedability is located on the
“U” tube directly along the vertical axis of thenier telescoping tubes. Directly
above each of the telescoping tubes is a crankiiamMdhen these handles are turned,
it allows for “fine height adjustment” of the uppieame relative to the floor surface.
When making adjustments, the left and right cravets must be turned the same
number of rotations to ensure proper function efl#ft and right side compression

and gas spring setups.

3.8 Two-Track

Another major obstacle to overcome was the designcustom track
mounting system. The purpose of the two-track gtones referenced as the center
vertical column) is to have a slot feature thategts the mounting of a nut and bolt at
any position along the length of the slot. Thewsibn takes the basic form of a

square that slides inside a square tube. A “TpeHdaavities runs the length of the
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extrusion. The letter “T” has a “|” (vertical) aivd-" (horizontal) part. The vertical
cavity is just wide enough to accept the diameter loolt. The horizontal cavity is
just wide enough to accept the width of the baltl$, but not allow the nut to rotate
in the horizontal cavity. The “T” shape is centeadout opposing faces of the
extrusion’s square shape. Component parts corheiztdolts are fixed to the
extrusion by inserting the bolt’s shaft into thetieal cavity, and then threading the
bolt into a nut located in the horizontal cavifihe nut cannot escape through the
vertical slot during tightening due to the widtlstrection of the vertical slot. This

way, the extrusion “holds” onto the nut while thaths tightened.

i

a) b)
Figure 3.8.1: Two-track, a) nut and bolt clamping setup, b) taaof two-track

3.9 Body Alignment

Proper and comfortable alignment of the mid angenody is important for
gait-training purposes. Not only does correctratignt allow for the development of
the most beneficial gait-training patterns, butisio permits the user to feel secure
and comfortable while using the Gait Master™. Aémce for a wide range of
adjustments between support features was an inmpalésign feature. This was
accomplished by using the two-track system (disdigs the previous section) along
with additional telescoping support techniquesch=af the padded supports used for
middle and upper body alignment can be indepenglediusted. They can also be
grouped as parts of sub-systems and be adjustateagroup. Independently, each
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support feature can be adjusted as follows: thefsma front to back (+/-z-
direction), up and down (+/- y-direction), and lzomtal rotation about an x-axis; the
rear seat pad from front to back, up and down,\emtical rotation (about a z-axis);
the thoracic support from front to back, up and dpleft to right (+/- y-direction),
and horizontal rotation about an x-axis; and teenstm support from front to back,
up and down. The sternum support, thoracic suppod seat frame (which includes
the seat and rear seat pad) are attached to thigad@locolumn, and this column can
be moved up and down in relation to the upper ftarfid” tube.
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CHAPTER 4: DESIGN OF COMPONENTS

4.1 Design Programs

Computer programs were used to help design indatidomponents, make
assemblies of components, and test the interadbietveeen component parts. |-
DEAS, Unigraphics by UGS, and Solidworks by SolidkgoCorporation were the
programs used in the design process.

The I-DEAS software was used for the initial thodmensional design
program, and it allowed the user to create one, &nd three-dimensional objects.
After individual parts were made, assemblies weeated of multiple parts. These
assemblies helped to visualize how two or moresgf@rand interacted with one
another. If an adjustment needed to be made t@om®re of the parts, the program
provided an easy way to make modifications. Beibig to zoom, pan, and rotate a
part or an assembly of parts on a computer sceearvery useful tool to help trouble
shoot a design before any physical parts are aeate

The Solidworks program is very similar to the I-B%& program. For this
setup, the I-DEAS program was run off of a SUN elystand Solidworks was run off
of a Windows platform. The switch from I-DEAS tolslworks was made because
Mulholland Positioning Systems was converting tiodaler AutoCAD design
software over to the Solidworks program. Solidvgoikeasier and more user
friendly to use as compared to I-DEAS and AutoCAD.

Unigraphics was another design program used imthal stages of the
project. The main use of Unigraphics was its gbith compute finite element
analysis (FEA) on parts designed using the I-DEAf8rsre. FEA looks into what
happens to objects when they are stressed thropgttiaular loading process. By
analyzing FEA results, a part’s shape or materekewnodified to reduce unwanted
stress built up in the part during a loading preces

I-DEAS has an FEA package, but during the desigegss this author was
not fluent with the I-DEAS FEA program. Instedtistauthor was more familiar
with the Unigraphics FEA package and used it fodging parts under loading

conditions. Unigraphics is a three-dimensionaigieprogram like I-DEAS and
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Solidworks. The design aspects of Unigraphics welg employed to make copies
of parts already created with I-DEAS so FEA anayseuld be preformed on parts.
Solidworks has a limited FEA internal program edllCOSMOXpress that
comes with the design program. This program cdy lomused to get a rough idea of
the effects forces have on parts, were as Unigeapiffers a much more thorough

analysis program.

4.2 Main Framing Setup

The style and overall appearance of the basicatfiame did not change
very much over the course of the design proceds/icDsly, the design of the overall
frame was influenced by the design of each sub-compt that made up the frame.
The “H” shape pattern to the caster legs (as viefn@d above) stayed consistent
throughout the entire design process. Howeverfevbaster legs were located and
how they collapsed did change, from collapsing altoei x-axis (Figure 4.2.1) to
collapsing about the z-axis (Figure 4.2.2). The wartical columns that house the
gas and coll springs stayed in the same relatigéipn, which were to the immediate
left and right of the user’s legs. The “U” tubatltonnected the left and right upper
frame only changed in its length and width. Howetlee joints between the “U”
tube, side vertical columns, and central verticdii;mn changed from a clamping
block style (Figure 4.2.3-a) to a welded style (fFey4.2.3-b).

Figure 4.2.1:Early renderings of the main frame setup
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a) b)
Figure 4.2.2:Final design of main frame setup, a) dimetric vie)vside view

a) b)
Figure 4.2.3:Upper frame construction, a) clamp block stylewk)ded style

4.3 Side Tubes

The side tubes of the Gait Master™ enclose thidrigogas springs, coill
springs, and height adjustment components. Atththi¢he outside of the side tubes
are the caster leg joints. The main function efghde tubes is to allow vertical
movement between the upper and lower frames. Ties design considerations of
the side tubes included how to insure overall rigidf the frame, and how to
configure all the needed components inside thestube

The problem of solving the overall rigidity of tframe was resolved first,
because the configuration of the tubes themselgtsmined how components were
going to be able to fit inside. Side tubes wergentaom steel and/or stainless steel,
and this allowed for parts to be welded to thebesu The use of some type of
telescoping tubing was necessary in order for e@rthovement of the upper frame,

while the lower frame stayed vertically fixed tetground’s surface. Two identical
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sets of telescoping tubing were used. One set®nder’s left side, and one set on
the user’s right side. The key to keeping the &aigid was to not allow local
rotation between the telescoping tubes. If rotatiocurred, the device would not be
safe for someone to operate because the castentedd not stay in place.
Additionally, if there was too much clearance betwéhe walls of the telescoping
tubing, the unit would feel “sloppy” to the userherefore, a series of tubes were
designed to allow telescoping action with no ratatiand wall clearances were
designed in a suitable range to reduce slop.

Besides commonly found square and round telesgdplring, other designs
were considered. These designs would have hae tagtom made, and included an
oval with two flats, an oval with four flats, a pegpe shape, and round with groves
that accepted nylon guides (Figure 4.3.1). Becaustom tubing is very expensive,

the use of common round tubing was given first @eration.

C) d)
Figure 4.3.1: Telescoping tubing cross section designs, a) withltwo flats,
b) oval with four flats, c) pear shape, d) rounthvgroves for nylon insert

In order to prevent round tubes from rotating agiagach other, a machined
guide and keeper were designed that allowed védisplacement between the two
tubes, but did not allow rotation. This systemdiaeset of three telescoping tubes per
side (Figure 4.3.2-a). The outermost tube was ectedl to the caster leg, and could
not move vertically. This tube also had a 5 tm@&hilong slot milled lengthwise
through one face. The middle tube was connectéaetapper frame, and was free to
slide vertically at any time. It also had a slotitar to the outer tube, but was smaller
in width. The innermost tube (about 2 to 3 incloeg)) had two threaded holes to

accept socket head cap screws, which held a litew4ong “T” shaped piece
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(Figure 4.3.2-b). This piece clamped the two inm&st tubes together, and allowed
for adjustment between the relative vertical lcwadi of the two innermost tubes by
using the slot feature of the middle tube. The Shaped piece also prevented
rotation between the outer and inner tubes, whidsveng vertical movement
between the outer and inner tubes by using theeshtire on the outer tube (Figure
4.3.2-c).

b) o)

Figure 4.3.2:*T” slider and round tubes, a) initial rendering,
b) “T” shaped keeper, c) assembled

The use of round tubing was eliminated becausgfio¢ulty machining and
welding round tubes in a precise fashion. Theafisguare telescoping tubing was
much easier and faster to machine and weld. Wiedésign switched to using
square tubing, the innermost of the three tubesritbesl above was eliminated. This
occurred because the function of the innermosh®tiiree tubes was to provide a
stop plug for the coil spring inside the telescgpinbing. Also, a different style of
spring stop plug was designed (Section 4.5). Therdwo square tubes serve the
same functions as their counterpart round tubesritbesl above. The “T” shaped

part’s function was also constant. Because oflthensions of common square
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tubing, two “L” shaped shims were used to creagepitoper spacing between the
outer and inner tubes. These shims also helpestitace slop between the tubes
(Figure 4.3.3-b).

a) b)
Figure 4.3.3:“T” slider and square tubes, a) vertical displaeam
b) cross sectional view

The final design stayed consistent and used twarsgtubes separated by “L”
shaped shims. However, the use of the “T” shapedegpiece was eliminated in
favor of the use of a vertical ACME screw to molre spring stop up and down. The
outermost tube was 1.5 inches square (with a Oiet®wall thickness), and made
out of steel. The innermost tube was 1.25 inchearg (with 0.065-inch wall
thickness), and was made out of stainless ste®. oliter tube was powder coated for
appearance and corrosion protection, while therituiee was electropolished to
produce a nice sheen. The “L” shaped shims weerfram high-density
polyethylene with a thickness of 0.0625 incheseiffleg length was approximately
0.625 inches with an overall length of 6 inchesvoTlshims per side were used and
located kitty-cornered from each other. Also, thagye fixed to the highest part of
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the inner walls of the outer tube by use of gllibe overall setup was similar to

Figure 4.3.3-b, with the exception of the “T” shdgiide.

4.4 Gas & Coil Springs

The decision to use the combination of a lockghle springs (Figure 4.4.1)
along with a compression coil springs (Figure 4.2uas made at the very start of the
project. However, there were several ways in wihiehtwo springs could be
configured inside the square tubes to achieve ¢seatl motions. Configuration of
the two pairs of springs progressed along withdisgign of the slider tubes (Section
4.3), and various spring designs are shown in Eigu4.3. Design variations placed
the gas and coil springs in series inside thetef@ag tubes. The main difficulty
was to decide how to position and mount the sprindbe tubes. Some designs had
the coil above the gas spring, and other desigdgheacoil spring below the gas

spring (Figure 4.4.4).

a)

b)
Figure 4.4.1:Lockable gas spring, a) extended rod, b) retracidd

Figure 4.4.2:Coil compression spring
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Figure 4.4.3:Initial renderings of springs and telescoping tibe

Figure 4.4.4:Placement variations of gas and coil springs

Final design consideration concluded that it wdwédbest to have the
lockable gas spring located below the coil sprarg] positioned with the extended
rod end of the gas spring pointing towards therfemillustrated in Figure 4.4.4. The
end of the rod of the gas spring was designed ia bhdixed position relative to the
outside tube. This allowed the release plungettferdockable gas spring to be
located at the “free” end (away from the gas spsiteyger cylinder) of the
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protruding rod. Also, a device was attached te #md of the rod to actuate the
spring’s lock/unlock plunger. Design complicationsorporating telescoping tubes
and gas spring setup were minimized by keepindoitieng and unlocking
mechanism of the spring at one fixed location. ré&feee, the “free” end of the gas
spring was located at the very bottom and fixeth&outermost square tube (Figure
4.45)).

Figure 4.4.5:Lockable gas spring location and orientation

Careful design considerations were given to thgtles of the inner and outer
telescoping square tubes. The horizontal “U” twlas welded to the top of the inner
tubes (Figure 4.4.6). Care was taken to maketkatevhen the gas springs, coil
springs, and fine height adjustment blocks weréghosition to allow for the lowest
height of the “U” tube, that the “U” tube would ndme into contact with the top
edge of the outer telescoping square tube. Adtitlyp, the length of the inner
telescoping square tube (welded to the “U” tube$ wmade to just miss the gas
spring’s lock/unlock mechanism when the “U” tubesveampletely lowered.
Additionally, when the gas spring, coil spring, dme tube height adjustment block
were all at their maximum height, there were sdvacdes of overlap between the
outer and inner square tubes to make the unitestaid safe.
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Figure 4.4.6:Weldment drawing of the “U” tube welded to the tp
the inner square telescoping tubes

The final arrangement of the gas spring was lacai¢h the “free” end of the
rod at the very end of the outer square tube ddsedke floor. Also, the gas spring
was aligned in the center of the long axis of tipgase tubes, and was fixed to the
outer square tube via a pin positioned throughsthere tube and also through the
mechanism that actuated the lock/unlock plungeéh@fgas spring. Verification was
made to make sure that the diameter of the laryedey of the gas spring would be
able to fit inside the inner square tube. The spiing sits atop the gas spring on a
domed shaped part to help keep the coil springecedtabout the long axis of the
square tubes (Figure 4.4.7). The upper end ofaiiespring nests inside a block that
allows for fine-tuned height adjustments via an AEBtrew (Figure 4.4.8). The

figures in 4.4.9 show views of the left side spramgl height adjustment assemblies.

Figure 4.4.7:Coil spring resting on top of the gas spring
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Figure 4.4.8:Coil spring nested inside the height adjustmeotkl

a) b)
Figure 4.4.9:Final setup of the locking gas spring, coil spriagd fine-tune height adjustment,
a) sectional view into the upper and lower frangghe spring height assembly alone

4.5 Crank Knob

Initially, the function of the locking gas sprimgs to allow the user to adjust
the seat and upper frame height to their prefereite gas spring only had a range
of about 4 inches. However, the overall rangeeigiit adjustability had to be more
than 4 inches in order to fit a larger variety séts. Therefore, an incremental
system was developed that used a moveable stbp & end of the coil
compression spring. The spring stop is the commegibint between the lower and
upper frames.

As the gas spring extends, it pushes againstdtierb end of the outer
telescoping tube. Consequently, the cylinder drtledogas spring moves up (+z-

direction). Therefore, the coil spring moves upvadl because it rests on top of the
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gas spring cylinder, and the upper frame is comuet the other end of the coil
spring. Through this design, the upper frame uyaes dynamic suspension via the
coil spring, and the overall height of the uppanie can be adjusted by the extension
of the locking gas spring.

The range of the locking gas spring is only abdout inches because of the
space limitations inside the telescoping tubedorfiger stroke of the gas spring is
desirable, but unfortunately takes up more lengside the telescoping tubes. The
length of the outer tube is constrained by the litaigvas above the floor level, and
how much room the upper frame has to move dowrcage of the short stroke of
the gas spring, its main function was convertedising/lowering the upper frame so
the seat does not obstruct the user while they/emiethe device.

A design feature of the Gait Master™ was to maleady to use by people
with inseams anywhere from 20-36 inches. To acdisimghis, a pin and block
system was developed. A series of holes weresdrdll the way through the inner
tube, and a long slot was milled on the outer mfshown in Figure 4.5.1-a. A
removable pin was inserted through one of the halléise inner tube, through a
block located inside the inner tube, and out tieoside of the outer tube (Figure
4.5.1-b). The slot on the outer tube allowed rdonthe head of the pin to slide up
and down as the gas and coil springs moved. Asefiholes on the inner tube
allowed for height adjustment of the spring staglative to the upper frame. If it was
desired to have the upper frame closer to the flooing gait-training, then a hole
farther away from the gas spring was chosen tatitise retaining pin. The opposite
is also true. The spring stop block stays at #mesrelative height above the floor,
but changing which hole of the upper frame is adywith the stop block changes the
height of the upper frame relative to the flooigufe 4.5.2-a shows a detailed
drawing of the construction between the “U” tube amer telescoping tube, and

Figure 4.5.2-b shows a depiction of the spring siogk.
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a) b)
Figure 4.5.1:Height adjust via pin insertion; a) exterior vidwy,interior view

a) b)
Figure 4.5.2:Detailed drawings of the a) inner telescoping tabeé b) spring stop block

The pin and stop block system evolved into a shiagiereconfigured the
series of holes located on the inner telescopibg ta one with a slot with a series of
spaced holes. The width of the slot was aboutdfalie diameter of the holes placed
along the slot as shown in Figure 4.5.3. Thisglesailowed users to easily adjust the
coil spring stop block. Instead of having to phk pin completely out of the
telescoping tubes, a threaded adjustable ratchet veas implemented (Figure 4.5.4).
This kind of ratchet lever allowed for the handi¢he lever to rotate with or without
rotating the threaded shaft at the same time. ratobet lever was threaded into the
stop block, and only one lever was used per setle$coping tubes. The slot in the
inner tube was just wide enough for the threadedt $t slide up and down. To keep
the stop block in place, the holes along the sktewitted to accept the larger
diameter head end of the ratchet lever. To loekstiring stop in place, the ratchet
lever was aligned with one of the holes along thg and tightened into the stop

block inside the inner tube. Therefore, the stoglcould not move up or down
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because the larger head of the ratchet lever wageal within one of the holes
along the milled slot. The left and right sidectat levers were aligned with

collinear holes on the left and right side of tipper frame.

Figure 4.5.3:1nner telescoping tube slot with holes, ratcheetenot shown

Figure 4.5.4:Example of a pin to be used with the slot and keleip

Both of the above described systems were undésibszause the user had to
manually lift the upper frame while at the sameetialign pins with holes. A much
simpler and user-friendly system was designed. spiimg stop block is still used.
However, it now has a threaded hole centered atmlaing axis. The overall length
of the spring stop increased to 5.5 inches. lastéa pin to adjust the placement of
the stop block relative to the inner telescopirggetla 0.375-inch ACME screw is
threaded into a vertical hole of the stop blockie@nd of the ACME screw is fixed
to a crank handle. A short vertically aligned tusbevelded to the upper frame, and
acts as a keeper that just fits around the ACME gk crank handle itself and a
bushing are fixed to the ACME rod (by use of stsslsteel roll pins), and prevent
the threaded rod from escaping the keeper tubei(&i.5.5). Several nylon and
stainless steel washers are placed around the ARBIEBN either side of the keeper
to prevent binding. When the crank handle is tdymteturns the threaded rod in or
out of the spring stop block. The stop block hagxruded square shape, and cannot
rotate inside the inner telescoping tube. It caly cmove up or down (+/-z-direction).

32 M. E. Steele 2005



Therefore, when the crank lever is turned counbekslise, as viewed looking down
on the crank lever (-z-direction), it unthreadsvirthe stop block (Figure 4.5.6). This
pushes the stop block in the —z direction, and esishe upper frame in the +z
direction without any adjustments made to the gao springs.

—

\

Figure 4.5.5:Crank handle and bushing fixed to ACME screw

a) b)
Figure 4.5.6:Final fine-tune height adjustment setup, a) ACMEew turned all the
way clockwise, b) ACME screw turned all the way ctauiclockwise
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The spring stop block is only threaded to a deptibout 1-inch on the end
closest to the crank handle. The rest of the lemdtere the ACME screw travels
through the stop block is drilled out to a largemdeter than the ACME screw’s
diameter. This is done because the threads anithef the ACME screw farthest
away from the crank handle are welded shut. Tleilsl\prevents the ACME rod from
unscrewing all the way out of the stop block, amellarger diameter hole in the stop
block allows the screw to be threaded further theoblock. An assembled view of
the crank handle, ACME rod, bushings, and stopkbl®shown in Figure 4.5.7. In
this figure, the ACME rod is threaded all the waipithe stop block. Note that the
upper frame and vertical keeper tube are not ireud this figure. Also, this figure
is an excerpt from the bill of material drawing tars assembly found in Appendix

H, and shows floating numbers that reference tartsist also shown in the figure.

Figure 4.5.7:Final setup of the fine-tune height adjustmentesys

The crank style height adjustment system provdzetmuch easier for users
to operate. Users only had to turn a crank leseaited above each set of telescoping
tubes. This system also allowed users to adjughhsettings while positioned
within the Gait Master™. Other previous designmes did not allow height
adjustment to be made while a user was in the unit.

To prevent corrosion, the spring stop block, thigdabusing directly above

the stop block, and the crank handle are all matl@foaluminum, and anodized.
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The round knob on the crank handle is made ofiplemtd the shoulder screw
holding it in place is stainless steel. Additidpathe ACME threaded rod and roll

pins are made of stainless steel.

4.6 Caster Leg Joint

To assist in collapsing the Gait Master™ (in orietake up less room during
transportation or storage), all four caster legsavekesigned to pivot inward to take
up less space when not in use. Two main technigyees developed to accomplish
this. The first way used a large cylindrical kneith pins that mated with holes
attached to the caster leg near the swivel jolitis system rotated the caster leg
about the x-axis. The second way used a collandiaround the outside of the caster
leg tube to swing the tube about the vertical zaxihis method used a spring loaded
pin system to lock caster legs in place.

The first caster joint system described aboveutietl a hinged joint with a
0.3125-inch bolt supported by the outer telescopubg and two steel plates. These
steel plates were welded to the outer tube, andhbbas drilled in them to accept the
bolt and additional locking pins. Figure 4.6.1wk@n exploded view of this setup.
The caster leg (not shown in Figure 4.6.1) hadlamiaum plug inserted 1.5 inches
deep into the caster tube end where the joint a@atdd. This plug helped to keep
the joint rigid and created a larger bearing sw@fac which the caster leg rotated. A
side view line drawing of the joint is shown in &ig 4.6.2 where only the rear caster
leg is shown. All four caster joints were configdrin the same manner. The other
three holes shown at each end of the steel seipgmdicular to the telescoping tube,
were the mating holes for the locking pins. Thesign eventually changed from

using three holes around each bolt hole to usihgtaro holes.

Figure 4.6.1: Exploded view of initial caster joint
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Figure 4.6.2: Sketch showing a side view of initial caster joint

Encapsulating the end of the caster leg tube arglip a milled stainless steel
cylindrical cap known as the caster leg end capis Tap has a large hole milled
perpendicular to its axis just large enough to pttee outside diameter of the caster
leg tube. A smaller hole is drilled through issa&nd is just large enough for a
0.3125-inch bolt to pass through it (Figure 4.6.Bhe cap is just long enough to
smoothly slide in-between two steel strips, thdsraig more rigidity to the caster leg

joint.

Figure 4.6.3:Caster tube end cylindrical cap

The last main component to this joint is the logkknob. A large cylinder
knob was milled out of aluminum to help keep weidgbitvn. The axis of the locking
knob was drilled to accept the shaft of a 0.312%ibolt along with a spring and
washer. The spring and washer keep the locking koonpressed against the outer
steel plate, as shown in the sectional view of Fegu6.4. A locknut tightened to the
protruding end of the bolt kept the bolt in plaaed prevented the assembly from

coming apart.
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Figure 4.6.4:Sectional view of initial caster joint

The function of the locking knob pins was to hikedep caster legs positioned
at one of two specific angles, either at a colldpseat an in-use position. An
overhead view of the unit, with caster legs inithh@se position, shows how an “H”
shape pattern is formed when the clavicles of #& torm the “-“ of the “H.” When
viewed looking at the user’s sagittal plane, cagigs form an inverted “V” shape.
With this design, when the legs are placed in tbellapsed position, the apex of the
inverted “V” stays fixed relative to the outer sgeitubes, and the caster legs swing in
to make a skinnier inverted “V.” Figure 4.6.5 slsothe in-use and collapsed position
of the left rear caster leg. Also shown in Figdré.5 is a side view of a humanoid
form for reference purpose only. A user would lb®fpositioned in the unit when the
caster legs are in a collapsed position. An angied of the front and rear left side
caster legs in the in-use position is shown in FegL6.6 (without the front locking
knob and showing only the rear locking knob).

a) b)
Figure 4.6.5:Side view showing two positions of the left
rear caster leg, a) in-use, b) collapsed
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Figure 4.6.6: Angled view of left side caster legs in the in-pssition

Locking knob pins protrude out of the knob towaittks caster leg tube
approximately 0.5 inches. In order to rotate thaster leg from the in-use to the
collapsed position, the locking knob must be puifethe x-direction away from the
joint. This disengages the pins from the holethéncaster leg end cap and allows the
leg to freely swivel about the bolt. The leg isked into the collapsed position by
releasing the locking knob and rotating the casgapproximately to the collapsed
position. A spring in the locking knob forces thia into a new set of holes in the
caster leg end cap to keep the caster leg fronimgtany further. Locking pins only
retract just enough out of the caster leg end acahow the end cap to rotate, and not
exit their holes in the steel plate. A close upwbf this setup is shown in Figure
4.6.7. As shown in the figure, the steel plateedded off-center of the outer
telescoping tube. The extra room between the cckeggoint and the outer tube
allowed room for the initial design of the heigldfwstment lever, as described in
Section 4.5
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a) b)
Figure 4.6.7:Close up view of the initial caster leg joint, @sambled, b) exploded

For all intentional purposes, the above descridsesder joint system worked.
However, it added a lot of bulk to the frame, arakWess appealing to the eye.
Additionally, a lot of material was wasted whenlmg the caster leg end cap out of a
large diameter stainless steel rod. Also, theeldmgking knob did not fit in with the
sleek frame design. Furthermore, with this setapter leg joints needed to be
positioned up near the top of the outer telescopibg, making the casters look like a
big A-frame setup. A more subdued approach wakgegh next.

A completely different design was created fordhster leg joint. The most
noticeable difference was that the final desigatext the caster legs about a vertical
z-axis instead of a horizontal x-axis. Also, imst®f using large bulky knobs, small
pins with spherical knobs locked caster legs itg@laCaster legs changed to that of
an “L” shape. Round steel tubing was used indesgn, and the final caster leg

design setup is shown in Figure 4.6.8.
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a) b)
Figure 4.6.8:Final caster leg joint design, a) side view, bjlad view

Unlike the initial design, there is no bolt actiag the caster leg joint axis.
Two telescoping round tubes are used to creatpitie The vertical part of the
caster leg’s “L” shape is made from a 1.25-inchmikger steel tube. The caster leg
tube has a collar welded to it, which acts as &ingsto keep the caster leg from
sliding any farther up (+z-direction) into the sejfiyoint. The diameter of the welded
collar is 1.375 inches, and is 0.75 inches longe @ollar is made out of steel with a
0.049-inch wall thickness. Therefore, the collamiser diameter is 1.227 inches, and
will just slide over the 1.25-inch outside diametéthe main caster leg with a gap of
0.0135 inches equally spaced about the two tubggire 4.6.9 shows the caster leg

and collar setup.

a) b)
Figure 4.6.9:Caster leg joint final setup, a) exploded viewas3embled view

Another longer collar, made out of the same malteis described above, is
welded to the outer square tube of the lower fréfngure 4.6.9). The length of this

tube is 2.5 inches and has one or two pin housirgdged to it as well. The purpose
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of the longer tube is to keep the caster leg vaiyi@aligned and to allow it to rotate
about a vertical (z) axis. Also, it keeps the iealtsection of the caster leg in a fixed
position relative to the outer square tube withagkeeption of z-axis rotation.
Because of the 0.0135 inch equally spaced gap kettie inner and outer round
tubes, a 0.005-inch thick Teflon tape is wrappediad the outside of the caster leg
tube in a location just above the welded collattanleg. The Teflon tape is shown
in Figure 4.6.9-a, and is illustrated by the wiitgizontal bands on the caster’s leg.
This tape reduces the amount of play between thterckeg and the 2.5-inch long
tube. Also, the Teflon coating on the tape promataooth rotation between the
caster leg and the 2.5-inch long tube welded tather square tube. An equally
spaced gap of 0.0085 inches is kept between therdag and the 2.5-inch long tube.

To prevent the caster leg from dropping out ofjtiet when the lower frame
is lifted off the ground, a 1.375-inch outside detsr collar is used. However, this
collar is not welded to the caster leg. Instebldas two holes in it to accept rivets.
The caster leg also has holes that line up withhties of this non-welded collar.
The location of the non-welded collar is directboge the 2.5-inch long collar.
Therefore, during assembly, the caster leg is iadarp into the bottom of the 2.5-
inch long collar until the welded collar of the lbgtts up with the 2.5-inch long
collar. Then, the top collar is slid down over thp of the caster leg that protrudes
above the 2.5-inch long collar. Rivet holes amedi up, and two rivets secure the top
collar to the caster leg. The two smaller collanesvent any vertical movement of the
caster leg along the 2.5-inch long collar. Thimeaetup is used for all four caster
legs.

In order to keep the Gait Master's™ caster legs fixed rotational position
during use, locking pins are used. Each rear cisidhas one locking pin, and the
front caster legs have an option of one or twoiloglpins each.

It is desirable to have the caster legs positiateal 10-degree outward angle
from the user’s sagittal (yz-plane). The outwaahse of the caster legs provides
vertical stability to the unit. To keep the casegys locked in the 10-degree outward
angle, spring loaded pins are used. Each pingsikeplace by a housing (Figure
4.6.10, 1) welded to the 2.5-inch long collar tisavelded to the outer square
telescoping tube. Inside each housing is a sigfgure 4.6.10, 2) that continuously
pushes a long stainless steel pin (Figure 4.6 l@v@ards the caster leg tube. As
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shown in Figure 4.6.10, the spring and stainless| gtin are inserted into the housing
through a hole in the opposite face of the colanfwhere the housing is welded.
This hole extends through both faces of the 2.5-loag collar. Pins are inserted in
this way because they are too long to feed intafien end of the collar and still

have enoug rotate to go inside the hofjlowhousing.

Figure 4.6.10:Caster leg locking pins, exploded assembly view

After the spring and pin have been inserted alvtlay into the housing, a
portion of the pin protrudes out of the end of hie&ising. A 0.125-inch roll pin
(Figure 4.6.10, 4) is then inserted into a now &goio0.125-inch hole that is drilled
perpendicular to the axis of the pin. This roht prevents the inserted spring from
pushing the long pin completely back out of thesiog. Also, the end of the now
exposed pin has a 1/4-20 threaded end to accepind plastic knob (Figure 4.6.10,
5). The round knob is what the user pulls to adpesween the locked and unlocked
positions of the spring-loaded pin.

The non-welded end of the pin housing has twasl@ne deep slot and one
shallow slot are angled 90 degrees from each athe@ut the pin housing’s long axis,
as shown in Figure 4.6.11. The width of eachislpist wide enough to allow the
0.125-inch roll pin (Figure 4.6.10, 4) to slidedrthe slot. The slots allow the spring-
loaded pin to be positioned at two different depfitisdegrees apart. The roll pin of
the spring-loaded pin is always pushed in the dwadoward the caster leg via the
spring inside the pin housing. When the roll @raligned with and in the shallow
slot, the pin and knob are considered to be irfuhéocked” position. When the roll
pin is aligned with and in the deeper slot, thegnd knob are considered to be in the
“locked” position. Figure 4.6.12 depicts the pinghe locked and unlocked
positions. Note that the three parallel pin hogsishown in Figure 4.6.12, only the
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outer two pin housings are used to lock casterilegéace. The middle pin housing
is used to lock the vertical movement between fieuand lower frames (Section

4.12). In Figure 4.6.12, the two outer spring-leadgins (of the parallel grouping of
three) are in the “locked” position, and the midsiieing-loaded pin is in the

“unlocked” position.

Figure 4.6.11:Pin housing Figure 4.6.12:Locked verses unlocked pin housings

To allow a spring-loaded pin to lock into the Xi@bh caster leg tube, a hole
is drilled into the 1.25-inch tube. The size anchltion of a caster leg tube hole is
extremely critical. Each spring-loaded pin heathpered at a 7-degree angle (Figure
4.6.13). The nose of the spring-loaded pin hasaller diameter (0.320 inches) than
the other end of the taper (0.374 inches). The hothe caster leg has a diameter of
0.344 inches. This way, when the roll pin is atigrwith and in the deeper slot of the
pin housing, the head of the spring-loaded piresliesito the hole in the caster leg.
Note, the pin will only slide into the caster legjdzwhen the caster leg is rotated
outward in such a way as to align the hole of theter leg with the axis of the pin
housing. Additionally, because the diameter ofdhster leg hole is in-between the
minimum and maximum values of the tapered springheiad, the pin slides into the
caster leg hole until the tapered head wedges ak@srcontact with the hole. This
way, there is no “wiggle room” or rotation betwedée caster leg and the 2.5-inch
fixed collar. The depth of the deeper slot is ntben what is needed for the tapered
head to fully insert, make contact with, and lodkwthe hole of the caster leg.
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Figure 4.6.13:Spring-loaded pin detail

If the deep slot of the pin housing is too shalltiven the spring loaded pin is
stopped by the roll pin as it hits the bottom @& gin housing’s slot before the
tapered head made full contact with the castehtdg. This will produce “slop”
between the tapered head and caster leg hole,iajdhe caster leg to slightly rotate,
or wiggle, even though the caster leg is in theK” position. This is undesirable
because the user tends to want a frame that & agd not loose.

The ability to collapse all caster legs signifidpameduces the space needed
for transportation or storage. The overall widtlesl not change much (28 inches
open to 25.75 inches collapsed) because the fradth 8 constant (Figure 4.6.14).
Additionally, the overall height does not changelatvhen the caster legs are in the
collapsed position. However, the overall height ba decreased for transportation or
storage by other means. The most significant tiffee between the open and
collapsed positions is the length of the unit. ©pen arrangement has a rigid length
of 33.7 inches, and collapsed length of only 22n2hes (Figure 4.6.15 & 4.6.16).
The term “rigid length” refers to the maximum dista between the front and rear
bumper wheel. Casters are not included in thisseresnent because they are
allowed to swivel about their vertical (z-axis)daran be “tucked underneath” the
caster leg tube. When this is done, the frontraad bumper wheels make up the

longest “fixed” length distance.
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a) b)
Figure 4.6.14:Caster legs front view, a) width open 28", b) widbllapsed 25.75”

—x
v

a) b)
Figure 4.6.15:Caster legs side view, a) open, b) collapsed

a) b)
Figure 4.6.16:Caster legs top view, a) open, b) collapsed

4.7 Pin Housing
As discussed in Section 4.6, pin housings playtea part in keeping caster

legs locked and rigid during use. The style oflpaising setup used for caster legs is
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consistent for two other operations; locking theemand lower frames together, and
as a swivel lock for the rear casters. Detailddoking upper and lower frames
together are discussed in Section 4.12. The fottlgs section is on improved
design of the pin housing itself. All other furtcts besides the housing remain the
same, with the exception of how the stainless sti@ednd spring are inserted into the
housing.

The original style of pin housing was made oua gingle piece of steel rod
(Figure 4.6.11). One difficulty with using thisnkl of pin housing is that the stainless
steel pin and spring must be inserted into theaértde housing that is welded to a
frame member. This occurs because the head stdirdess steel pin is larger in
diameter than the drilled hole of the pin housiegmits cut slots (compare Figures
4.6.11 & 4.6.12). To facilitate the pin insertimo its housing, an access hole was
drilled through the opposite face of the frame digeacross from where the pin
housing was welded. A design option was looketiatinvolved putting the
stainless steel pin and spring in the housing leetfoe housing was welded to the
frame. However, this was not used because heatttie welding operation can
affect the spring and make it useless. Over hgatispring can change the temper of
the spring, making the spring brittle, and promaasy fatigue and cracking. It can
also reduce the spring’s spring constant. The wiallgle option is to insert the
stainless steel pin after the housing body is wklde

Inserting the spring pin, via the non-welded eadimpossible due to the
larger diameter of the spring pin’s head and thallemdiameter of the hole in the pin
housing. To get around this problem, the sprimghmiusing was converted from a
one-piece to a two-piece housing. This basicalbktthe one-piece housing and cut
it in half. Therefore, the outward opening of gie housing that is welded to the
frame has a larger diameter hole that can acceptinless steel pin. It also has
internal female threads to accept the second h#ffeopin housing. The piece of the
pin housing, with the external male threads, hiasla only large enough to allow the
shaft of the pin to slide through. Figure 4.6.4aidrawing of the two-part pin

housing.
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Figure 4.6.17:Two-part pin housing detalil

With this new design setup, stainless steel piassprings were inserted into
the female threaded half of the pin housing afteritousing was welded to the frame.
Then, the male half of the spring housing was &ghkd into the female half. The
stainless steel pin and spring were kept in thepieae housing by a roll pin, the
same way as in the one-piece housing. The funciidime slots in the male half of
the two-piece housing also serves the same fursctisrihe slots in the one-piece
housing. Figure 4.6.18 shows an assembled vig¥eotfwo-piece housing welded

onto a caster leg.

Figure 4.6.18:Two-piece pin housing, assembled and welded tieches

The two-piece housing makes the frame look bedtad,is easier to assemble.
With the two-piece housing design, there is no Heethe stainless steel pin and
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spring to be inserted into a hole on the opposite fwvhere the pin housing is located.
Fewer holes make the frame look more appealingdanmibt weaken the frame. The
insertion of the roll pin in the stainless stedl pias difficult with the one-piece
housing. In order to expose the hole in the stambteel pin to drive the roll pin thru,
the stainless steel pin (without the knob on i) tbe forced and held out of the pin
housing while the roll pin was aligned and tappeglace. Additionally, this
positioning was done while working around the ne&ly large lower frame, and this
proved to be cumbersome. The two-part housingdcalmhost be completely
assembled without even working with the lower fraared this work could easily be
done sitting at a workbench. The stainless steehpd spring were inserted into the
male half of the two-piece housing. Then, thend¢gis steel pin was either pulled or
pushed to expose the roll pin hole. Several gan$d be assembled in one sitting,

and then later be threaded into the female hali®@pin housing.

4.8 Casters & Bumper Wheels

The function of the swivel caster is to allow &asier lateral movement of the
Gait Master™ in all directions. Adding small “busrpvheels” to the outstretched
end of the caster legs provides protection agamasting objects or walls. They also
help to protect the Gait Master™ from getting sdmatl by or run into by obstacles.
There are four casters and four bumper wheelseaank at the free end of each caster
leg.

The attachment of the bumper wheels was kept guiiple, and to the same
design that was already used by Mulholland Posinmp®ystems on other equipment.
Bumper wheel assemblies consist of 3-inch diam®tdr-inch wide solid rubber tires
with Delrin hubs. Originally, the axle hole in tBelrin hub was for a 0.25-inch rod,
but was later bored out to accept an aluminum Imgsiith an outside diameter of
0.440 inches, an inside diameter of 0.316 inchad,aalength of 1.02 inches. This
bushing accepts a 5/16-18 by 2.75-inch machinenstirat acts as the axle for the
bumper wheel. The bolt is long enough to pasaitinadhe bumper wheel and the
1.25-inch diameter caster leg tube. Also, the isaddigned vertically (z-axis), and
protrudes out of the caster tube 0.25 inches tea nylon locknut. Washers on
either side of the aluminum bushing help to keepwheel rotating smoothly. Figure
4.8.1 shows the bumper wheel assembly with theectsy tube removed. This way,
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when the Gait Master™ runs into an object suchwaall the bumper wheel simply

rolls across it, keeping the frame from contactintp a wall.

a) b)
Figure 4.8.1:Bumper wheel assembly, a) exploded,
b) assembled, caster leg tube hidden

The attachment of the caster wheels is relatisghple. However, several
design options were tried out to see how the céstkrcould be attached to the end
of the caster leg tube. The first design useduadand milled aluminum plug that
was about 4 to 5 inches long. The diameter opthg was a few thousands less than
the inside diameter of the caster leg tube. OMeohthe plug was milled to form
two flat faces. These faces acted as horizontédses where the caster fork and
bumper wheel were attached. Two holes were drileaugh the flat surface. One
hole was for the 1/2-13 threaded stud of the cdstkr and another smaller hole for
the 5/16-18 bumper wheel bolt. These holes wet¢hmeaded, and lock nuts were
used to secure the bolts to the plugs. Side agleadwiews of the plug inserted into
the caster leg (along with a caster wheel and far&)shown in Figure 4.8.2. Once
the plugs were in their final position, they weepkfrom rotating and translating
inside the leg tubes by roll pins inserted throbgles drilled through both the leg
tube and plug.
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a) b)
Figure 4.8.2:Caster leg tube with plug and caster wheel withk,fo
a) side view, b) angled view

Using a milled end plug for the caster fork andhper wheel mount was
rejected as a final deign because of the large atrafumaterial needed to make the
plug. Additionally, the plug was a little “overKiffor the task at hand. Instead, steel
threaded studs were used that were welded directhe ends of the caster leg tubes.
This unit was easier to assemble and kept the taalster leg design looking very
“clean”. Shown in Figure 4.8.3 is an early demntof the caster leg with a bumper
wheel assembly, fork, and caster. The welded stinbiden by the leg tube and fork.

Figure 4.8.3:Early rendering of a caster and fork attachedgiaiwelded stud

Mounting styles of the front and rear casters gedrover time. The front
caster mount stayed very similar to the descripsioown in Figure 4.8.3. However,
the rear caster mount changed a lot because @ka Ibonechanism that was designed
to actuate through a hollow threaded stud (inspeadious solid design) that was
welded to the caster leg tube.

The fork of the caster is made from a tough nytaterial. A pair of stainless
steel ball bearings is located in the fork to dseishe vertical rotation of the caster.

These bearings accept a 1/2-13 threaded steelrsttics welded vertically to the end
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of the caster leg tube. This stud is inserted an@05-inch hole that is drilled all the
way through both faces of the 1.25-inch outsidendi@r caster leg tub. The top
(most positive z direction) end of the stud is flwgith the outer surface of the tube,
and the two are welded (Figure 4.8.4).

Figure 4.8.4:Caster stud welded to a front leg tube

To offset the caster fork from the leg tube, &fistube” is used. This stem
tube is hollow and slides up the protruding threbsted. The top end of the stem
tube is milled with a concave slot to make it #rf@ctly up against the outside wall
of the caster leg tube. The outside of the stéya isi turned on a lathe in a step
manner so the tube can be inserted into the beafitige fork, but only slid in about
half the length of the stem tube. This step kékpsaster fork at an offset from the
caster leg tube. A detail of the caster stem tsilsbown in Figure 4.8.5. The slanted
notch has no meaning for the front legs, but isiiregl for the rear caster stem tubes.
A locknut, threaded onto the end of the welded,stedps the caster fork from
coming off the stud. This design setup provedrayiole a strong mount for the
caster, and is shown in Figure 4.8.6.

Figure 4.8.5:Caster stem tube detail
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a) b)

Figure 4.8.6:Final front caster leg setup, a) computer modebHysical model

The basic principles developed for securing tbatfcasters were applied to
the rear casters, with a few alterations. A stetthed to the caster leg tube is still
used. However, the stud is hollow in order to ateestainless steel plunger. This
plunger, which can be actuated by the user, creasest of “parking brake” on the
rear caster. Each rear brake can be independgpehated. The rear brake system is
explained in Section 4.11. Additionally, each reaster has an anti-swivel lock
attached to its stem tube that aligns the reaecasth the user’s sagittal (yz-plane).
The swivel lock is discussed in Section 4.9, ardfithal setup of the rear caster leg is

shown in Figure 4.8.7.
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a) b)
Figure 4.8.7:Final rear caster leg setup, a) computer modedhig¥ical model

4.9 Anti-Swivel Lock

A Gait Master™ user can adjust the rear castertiedpe fixed about its
vertical (z-axis) in a position that only allowstbasters to travel in a forward or
reverse direction. This feature is very useful$ers when getting used to the Gait
Master™, or if users tend to push the unit to ade er another. When the caster
anti-swivel locks are in place, the Gait Master&tks more like a car or shopping
cart, and can no longer be pushed directly sideiayan x-direction).

The caster anti-swivel lock uses a stainless gieekpring, roll pin, round
knob, and one-piece pin housing as described itiddet.6. The pin housing is
welded to a steel bracket, which in turn is weltlethe caster stem tube. This
bracket is bent at an angle, and orientates tivdesta steel pin with a hole drilled
into the neck of the caster fork. Exploded aneadsed views of the rear caster
anti-swivel lock are depicted in Figure 4.9.1. ekgonal view of the anti-swivel lock
in the “locked” position (with the stainless stpei inserted into the caster wheel fork
housing) is shown in Figure 4.9.2. Theoreticalywo-piece pin housing could be
used at this location. Current plans are to l¢hgalesign as a one piece housing
because this configuration is easy to assemblalitiddally, fewer parts need to be
fabricated for the one-piece housing.
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a) b)
Figure 4.9.1:Rear caster anti-swivel lock, a) exploded, b) added

Figure 4.9.2:Rear caster anti-swivel lock, sectional view

Figure 4.9.1 shows a notch in the bottom of thetezastem tube that is there
to provide a path to help insert the stainlesd gieeand spring into the housing. If
the notch was not there, the stainless steel pitdamt be inserted into the housing
because of the pin’s length. The front caster tdim does not require a notch since
there are no anti-swivel components attached. keweising a notched caster stem
tube for the front casters does not impact perfocaa

The 10-degree angle is very critical about théie@raxis of the caster stem
tube at the point where the steel bracket is weildedlation to the concave groove
on the top of the stem tube. (See the 10-degree angigure 4.9.3-a). Both the
front and rear caster legs angle outward from Hugttal (yz) plane. When a caster
stem tube is pushed up and against the bottontegf mbe, the axis of the concave
slot aligns itself with the long axis of the cadtsy tube. A hole is drilled into the
rear face of the caster fork for insertion of ardéss pin to lock the swivel of the
caster fork (Figure 4.9.4). To allow the casteewiho track along the sagittal plane,
the axis of the caster wheel rotation must be [gral the x-axis. As shown in
Figure 4.9.5, the bracket is welded at a 10-degfiset angle to counter the 10-

degree outward angled caster leg.
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a) b)
Figure 4.9.3:Caster anti-swivel weldment, a) right rear cadigright front caster

Figure 4.9.4:Hole in rear face of caster fork

a) b)
Figure 4.9.5:Rear views showing the offset angle between taeaaster leg and
anti-swivel bracket, a) far view, b) close up view
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The rear caster anti-swivel lock is standard fathiof the rear casters.
However, there is the option for a user to purclzaa&ait Master™ with front caster
anti-swivel locks. The design of the front casteti-swivel lock is very similar to the
rear caster anti-swivel lock, with the exceptiortha# length and angle of the welded
steel bracket (Figure 4.9.3-b). Differences inftbat and rear steel bracket are
depicted in Figure 4.9.3. The caster stem tulsgKat, and housing are all zinc-

plated to help prevent corrosion.

4.10 Floor Brake

Several designs were developed to try and instlpe of “parking brake”
system on the Gait Master™. The first series sfgies were consistent in that they
all extended/retracted a feature from the floor-ehthe outer telescoping square
tube. When extended, this feature pushed on dlee #With downward force and
prevented the Gait Master™ from moving. When te&ure was in the retracted
position, the Gait Master™ was free to move overftbor surface. These
mechanisms were placed at the floor-end of eaddr ¢elescoping square tube.

The first design incorporated a 4-bar slider lgganechanism that was
actuated by the user’s foot. One of the 4-bardgds was shaped like an “L”, where
the shorter leg acted as a linkage with holesadtitin both ends. The long leg of the
“L” acted as a lever arm to be pushed up and doyhé user’s foot. If the “L”
linkage was pushed down toward the floor, a sligghghger would extend from the
outer telescoping tube and press against the flimitial renderings of the 4-bar
slider linkage mechanism are shown in Figure 4.10His configuration would
extend the plunger to a point where the plungerlevbit the lower frame by 0.5to 1
inch up off the floor. The “L” shaped linkage wdwutomatically lock into place
when completely depressed due to the 4-bar slielgigd. Raising the lower frame
off the floor only allowed either the two front ttvo back casters to touch the floor at
one time. The unit still had four points of corteath the floor: two from casters,
and two from the plungers. To raise the plungérghe floor and back into the

square tube, upward pressure was applied to thértkage.
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a) b)
Figure 4.10.1:4-bar slider linkage mechanism, a) extended ositi
b) retracted position

It was never fully determined (due to moving orateew design) how the
plunger would stay in the retracted position. Hegreuse of an extension spring
strong enough to hold the plunger up off the flwould have worked. In Figure
4.10.1, the main body of the plunger was made batlo25-inch square tube, and
had a threaded steel and rubber leveling mounivecténto it (Figure 4.10.2). The
threaded shaft allowed the user to vary floor corpaessure by rotating the leveling
mount in or out. Figure 4.10.3 shows a computedehof the 4-bar slider linkage
with the plunger removed to better illustrate thechranism. As with this and all
succeeding linkage designs, the actual linkages wede out of aluminum or steel
bar and coated to prevent corrosion.

Figure 4.10.2 Threaded steel and rubber leveling mount
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a) b)
Figure 4.10.3:Computer model of the 4-bar linkage mechanism,
a) side view, b) angled view

A slight variation of the 4-bar slider linkagedat-barmin slider linkage
eliminated the use of the sliding square tubesleveling mounts. Instead,
mechanism joints were located within the 1.5-ingbage tubing of the lower frame.
Additionally, one of the linkages passed througlopening created in the bottom
face of the square tubing. When the user actubtetl” shaped lever (same “L”
type lever as in the last example), the new lohgkage swung down and pushed
against the floor. This lifted the lower frame tfé floor, similar to that of the
previous mechanism. Figure 4.10.4 shows an oveglhpxposure of the linkages in
the locked and unlocked positions. Arrows in Fegdrl0.4 show linkage movement
from the unlocked to locked positions. Eventudibgt-operated lever designs were
eliminated because they relied on the user toheefeet, and some users lacked leg

muscle coordination and/or function.

Figure 4.10.4:Modified 4-bar slider linkage mechanism
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The next three designs were all similar in thaytmounted to the outside of
the 1.5-inch square telescoping tube near the.fldbe first design used a parallel 4-
bar linkage setup in combination with a non-patatear linkage setup. This design
was referred to as the “half-moon” linkage mechamnis o actuate the half-moon
linkage, a pair of wire cables was required. Efiswed the user’'s hands, instead of
their feet, to operate the floor brake. One wieswequired to extend a linkage to the
floor, and another wire to retract the linkage. shewn in Figure 4.10.4, one of the
linkages was shaped in a solid half-circle, or{nadfon fashion. The half-moon
linkage pivoted about a central axis, and rotatadwo wires. This linkage was
connected to the parallel 4-bar linkage mechanigméans of another straight
linkage. When the half-moon linkage was rotatedklvise, the parallel 4-bar
linkage extended a plunger to the floor (Figuréd%bia). When turned
counterclockwise, the plunger retracted into a hruthat contained the linkages
(Figure 4.10.5-b). Two wires were used becausdlag force was required to
extend and retract the plunger. Given that thisdge was located outside of the
telescoping square tubes, it had to be protected the environment. Therefore, two
metal plates were used to sandwich the linkageu(Eig.10.5-c). One of these plates

was fixed to the outside of the 1.5-inch squaresisping tube near the floor.

a) b) c)
Figure 4.10.5:Half-moon floor brake linkage mechanism, a) exeshgdosition,
b) retracted position, ¢) computer exploded view
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The last 4-bar linkage design considered was airtol that of the half-moon
linkage setup. It also used two 4-bar linkage iguméations: one parallel and one
non-parallel. In this case, only one wire was eeledA pair of tension springs
replaced the wire needed to extend the plungdradloor. The remaining wire was
needed to retract the plunger. The amount ofcadrtoom (approximately 6 to 7
inches) needed for linkage mechanism movement ecaddd in another square tube
mounted piggyback style on the floor end of thedoWvame (Figure 4.10.6). This
linkage was known as the side-tube linkage. Tys$esn was mounted on the side of
the 1.5-inch square tube because there was nogknautical room to stack the
suspension springs and the floor stop inside thareqtube. The angled view in
Figure 4.10.6-a does not show the housing usedrtoeal the linkage. The
downward view in Figure 4.10.6-b shows how thedigk fits inside its housing.

a) b)
Figure 4.10.6:Side-tube linkage, a) angled view with side tulakelen, b) top view
with outlines of lower frame and side tube

The final floor brake design did not use any ligés. Instead, it used one
long compression spring to exert force directly daw top of a floor plunger. Like
the previous design, the spring and plunger weuséd in a square tube mounted to
the side of the 1.5-inch square lower frame tubealso used a wire to retract the
plunger from the floor surface. Because there werknkages to fabricate, this setup
was simple and easy to manufacture and assembitelatively long spring (about 10
inches) was used in order for there to be enougtefapplied to the floor by the
plunger, yet still allow the user to be able toaet the spring. A side view of the
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compression spring plunger is shown in Figure Z-H).and also in Figure 4.10.7-b
with the spring housing tube eliminated. FigurE047-c shows an angled view of the

compression spring setup.

a) b) C)
Figure 4.10.7:Compression spring plunger, a) side view, b) side/ with spring
tube housing removed, c) angled view with housarmgaved

All of the above designs were eliminated due touhiversal fact that they
each used a plunger that came out of the bottowr efext to, the 1.5-inch square
telescoping tube located near the user’s feaetiast decided that the floor area near
the user’s feet should be kept clear of obstrustionherefore, the height of the lower
frame above the floor was increased from the LitecB range to approximately 7 or
8 inches. Consequently, all the above floor biddsigns would not work due to the

increased distances preventing proper operation.

4.11 Rear Caster Brake

The final design for the brake mechanism usesiagar that puts pressure
directly on the rear caster wheel, and is actubyedire cable. Caster brake
mechanisms are attached to rear caster legs. Thene brake for the left caster and
one brake for the right caster. A user can inddpetly operate each caster brake
while they are in the Gait Master™ by using a harwinveniently located at the top

end of each rear caster tube.
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As explained in Section 4.8, the caster mountingd ¢Figure 4.11.1) is
hollow to accept a stainless steel plunger (Figuié.2). When actuated by applying
tension to a wire cable, the grooved head of thager extends out of the lower
opening of the hollow caster stud, and pushesti@aubber tire surface of the caster
wheel. The opposite end of the plunger is threantieda yoke, which also slides in
the top end of the hollow caster stud. A compmsspring, located inside the
hollow caster stem, exerts upward force on the ydkeerefore, when no tension is
applied to the brake wire, the spring pushes ufheryoke, and in turns raises the

plunger off of the caster wheel’s surface.

Figure 4.11.1:Hollow caster stud tube  Figure 4.11.2:Rear caster brake plunger

An “L” shaped lever (Figure 4.11.3) is used togf@r force from the wire to
the plunger. This lever pivots about a roll piaqad through the caster leg tube. The
short leg end of the “L” shaped lever has a 0.2 idiameter milled slot so that a
0.1875-inch diameter roll pin can slide along tlo. sThis roll pin is fixed through a
yoke (Figure 4.11.4), and assists in transferrargd applied to the wire into a
downward force on the brake plunger. Force is egad from the wire to the “L”
shaped lever by use of an aluminum “stop sleevaichvis crimped to the end of the
wire cable after it passes through a small holéedrat the end of the long leg of the
“L” bracket.
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Figure 4.11.3:“L” shaped brake bracket Figure 4.11.4:Caster plunger yoke

The wire cable used for the rear caster brakesyst an off-the-shelf item
very similar to the kind of cable system used aytlies. It is threaded though a
fixed length conduit made from a combination ofrd&ss steel and plastic. Each end
of the conduit has threaded fittings for mountihg tonduit. Additionally, these
fittings have about 1.5 inches of thread on themlltmwv for fine wire tension
adjustments. This is done via nuts located on satshof a mounting bracket welded
to the caster leg tube.

Sectional views of the brake mechanism, near déiséec end of the rear caster
leg, are shown in Figures 4.11.5 and 4.11.6. HEgahne shows a view of the brake
disengaged, and engaged. To prevent corrosiofil-trehaped lever is made from
steel and is zinc plated. The hollow caster stysbwder coated after it is welded to
the caster leg tube. Additionally, the plungerjrgp wire cable, and roll pins are all
made from stainless steel. All nuts are zinc plaéead the casing of the wire cable is

plastic.
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a) b)
Figure 4.11.5:Rear caster brake computer model sectional s&le,\a) brake
plunger disengaged, b) brake plunger engaged

a) b)
Figure 4.11.6:Rear caster brake physical model side view, ddebpdunger
disengaged, b) brake plunger engaged

As previously mentioned, the user-actuated restecérake handle is located
at the opposite end of the rear caster leg tubm frere the caster is located. Itis
located high enough so the user can easily actoaterake lever. When the brake
lever is actuated (pulled up), tension is appleethe wire cable that is connected to
the “L” shaped bracket.

To keep tension in the brake wire, a brake hapllig was created (Figure
4.11.7). This plug allows the user to lift a zplated steel brake lever handle (Figure
4.11.8) to actuate the brake, and permits the lkaodbe fixed in an upward position
after the user lets go of the brake handle. Tlag,\the user does not have to
continuously apply force to the handle. The brad&edle plug is formed from an

aluminum rod and is anodized after being machiretas a slot to accept the brake
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handle, and a series of holes to fix the handteeémlug and the plug to the caster leg
tube.

Figure 4.11.7:Brake handle plug Figure 4.11.8:Brake lever handle

Similar to the “L” shaped brake lever, the bralkadile lever also has a milled
slot at one end to accept a roll pin. The brakedleis confined to the brake handle
plug by this roll pin, which is driven through tpkig and through the slot in the
brake handle lever. A second roll pin, driven tigi the plug, is the device that
actually holds the brake handle lever in the upveargle after the user places the
handle in that position. A small round notch idleadi into the end of the brake
handle. This notch fits perfectly about the secalidpin. Because of the placement
of the two roll pins, the brake handle can bediféad secured as shown in Figures
4.11.9 and 4.11.10. From the unlocked positiotheforake handle (Figure 4.11.9),
the user would lift up and push the handle in tathe plug until the notch at the end
of the brake handle catches about a roll pin (Eguil.10). When this happens, the
user can let go, and the brake handle will stgylace keeping tension on the brake
wire cable. To disengage the brake, the user pplisn the brake handle, pulls the
handle away from the plug, and then lets the haswdleg back down to the position
in Figure 4.11.9. Examples of the brake lever leamdthe disengaged and engaged
positions are shown in Figure 4.11.11.
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a) b)
Figure 4.11.9:Disengaged brake handle setup for caster brakersys
a) sectional side view, b) sectional angled view

a) b)
Figure 4.11.10:Engaged brake handle setup for caster brake system
a) sectional side view, b) sectional angled view

a) b)
Figure 4.11.11:Brake handle lever setup of physical model,
a) disengaged brake, b) engaged brake
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A third hole in the brake handle plug is for d mh that is driven through the
caster leg tube. This secures the location oplhg in relation to the caster leg tube.
A slot milled through one face of the caster Idgetallows room for the brake handle
lever to rotate up and down. A small hole is ddlthrough the brake handle lever to
accept the passage of the wire cable, which is ¢herped with an aluminum stop
sleeve. Additionally, a mount for the threaded efhthe wire conduit is secured to
the caster leg tube near the handle with a pinbattdas shown in Figures 4.11.9 to
4.11.11. For the user’s comfort, a rubber-type bandle is inserted over the end of
the brake handle lever. Plastic end caps are ghiate the open ends of the caster leg
tubes to provide a clean finish as well as fortygbeotection. To keep the wire
conduit housing from being entangled with the usesther objects, the conduit is
partially run inside the length of the caster lelge. The entire rear caster brake
system is shown in the engaged and disengagedagpwsih Figures 4.11.12 and
4.11.13.

a) b)
Figure 4.11.12:Overall computer model view of the rear castekbraystem, a)
disengaged, b) engaged
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a) b)

Figure 4.11.13:Overall physical model view of the rear caster brakstem, a)
disengaged, b) engaged

4.12 Spring Lockout

Situations exist where it is desirable to “lock&tvertical displacement
between the upper and lower frames of the Gait &%t This can be done for
transportation and storage purposes, or to keepedieat a fixed height while a user
is in it and using the device. “Spring lockoutfars to the mechanism that locks the
upper and lower frames together. The term “spriegised because when the
mechanism is engaged, the compression springsittsgdsquare telescoping tube are
fixed. As mentioned in Section 4.7, the springktmat is actuated by use of a spring
pin (Sections 4.6 & 4.7) located on the side ofdhter telescoping square tube and
in between the two caster leg locks (Figure 4.12This spring pin is considered

locked or unlocked by the same definition discuseesiection 4.6.

Figure 4.12.1:Spring lockout location, middle knob in unlockeasftion
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When the spring lockout pins are orientated inltisked position, the spring-
loaded pin inside the pin housing mates with ona wfimber of holes drilled through
one face of the inner telescoping square tube (EigLL2.2-b). The reason for the
long series of holes is to allow the upper and loframe to be “locked” together at
various heights. As explained in Sections 4.44Bdthe gas springs and crank
knobs create a difference in height between thewapd lower frame anywhere
from approximately 1 to 13 inches. Once the us&s the crank knobs and gas
springs to a specific height, the compression ggronly allows a maximum of 3
inches of travel between the upper and lower franisving several mating holes
for the spring lockout, at 1-inch intervals, gudes that the user only has to push

down on the lower frame (compressing the coil ggraamaximum of 1-inch.

a) b)
Figure 4.12.2:Spring lockout hole locations, a) full assemblyldwer frame
removed

The holes in the upper frame are larger in diantétn the spring pin head in
order for there to be a slight amount of “play”weén the pin head and mating hole.
This “play” helps when disengaging the spring lagkdue to the shear force acting
between the hole and pin caused by the compres§itie coil spring when the pin
head and hole are aligned.

4.13 Gas Spring Release Head
In order to actuate the lockable gas springs paamatus was designed to
depress the release plunger located at the e @fas spring rod (Figure 4.13.1).

69 M. E. Steele 2005



The end of the rod comes already threaded frormidneufacturer, and is used to
thread the rod into an aluminum block. This blaoktains a lever to actuate the
release plunger, and is known as the “gas spriegse head” (Figure 4.13.2). A
wire cable system, similar to that of the rear eéabtake system, is used to pull the
lever inside the aluminum block. When this levaates, it depresses the release

plunger, and unlocks the stroke of the gas spring.

a) b)
Figure 4.13.1:Lockable gas spring release plunger, a) lockednhjcked

Figure 4.13.2:Gas spring release head, final design

The initial renderings of the gas spring releasadndiffer only slightly from
that of the final design. The only significantfdience is the change from a cylinder
body to a rectangular rod style release head asrshoFigure 4.13.3. As discussed
in Section 4.4, the orientation of the gas spriagitons the release plunger near the
floor end of the telescoping square tubes. Othgintsdesign variations included how
the gas spring release head was mounted to thesmutare tube, and how the lever
(connected to the release head) extended outsithe sfjuare tube. Figure 4.13.4

depicts the gas spring mounted to a washer thatwelied to the square tube. The
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gas spring was held in place by clamping the walsbiveen a nut and the release
head. Additionally, it shows that the release wiges short, and did not extend out of
the square tube. Both of these ideas were rejbdeeause using welded-in-place
washers to mount gas springs would create diffiwelding operations. Also, a short
lever would require users to exert more force toate the release plunger as
compared to a longer lever that sticks out the sfdbe square tube via a slot in the

tube.

a) b)
Figure 4.13.3:Gas spring release head, a) cylindrical bodyebdangular rod body

Figure 4.13.4 Gas spring release head initial mounting andrlee&up

The lockable gas springs are mounted to the Zb-@uter square tubes
through the gas spring release heads. To dosoekbase head has a hole drilled
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through its largest face, as shown in Figure 4.13[2is hole accepts a stainless steel
roll pin that is driven through holes in the 2.5finsquare tubing (Figure 4.13.5). The
location of these roll pin holes on the squarertgbalong with bushings on either
side of the gas spring release head, help kedpdtkable gas spring assembly
centered inside the square tube. The lever th@edses the gas release plunger is
made from steel, and zinc plated to prevent casrosiOne end of this lever pivots
about a small roll pin that is driven through teease head. The other end has s
small hole to accept a wire cable. Like the reeter brake cable system, this wire
also has an aluminum crimp on its end. Therefohen the user pulls the cable
(discussed in Section 4.14), the lever pivots chisk (as viewed in Figure 4.13.5)
and depresses the gas spring release plungerusénenust apply tension to the wire
(as just described) to change the stroke of thealole gas spring. The release
plunger is pressurized to always stay in the exddrad locked-stoke position, and
must be overpowered by the lever to depress thegphuo unlock the stroke

position.

Figure 4.13.5:Gas spring release head mounted via a roll pin

4.14 Gas Spring Release Handle

As discussed in Section 4.13, a wire cable acéuatelever attached to the
gas spring release head. This wire runs up tchendtver, known as the “gas spring
release handle,” located at the apex of the hotatlgraligned “U” tube (Section
4.15) in front of the user’s waist area. The lawabf the gas spring release handle
makes it possible for the user to actuate the lolekgas springs while they are in the

Gait Master™.,
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Initial designs of the gas spring release hanldlegal the handle in a vertical
(z-direction) position with the wire cables connecs to the left and right sides of the
lever (Figure 4.14.1-a). The wire cable mountiocptions were mirrored and
transposed about the pivot of the release handlause both of the wires had to be
pulled in tension at the same time to actuatedblkable gas spring. As with the rear
brake wire system, the cable’s conduit had to banted to the frame. One
mounting location was directly above the gas spsinglease head lever as seen in
Figure 4.13.5. Just as before, two nuts clampeddmduit against these mounts.
The initial design (Figure 4.14.1-a) used the samenting technique near the gas
spring release handle as shown in Figure 4.13t uBer had to push the release
handle to their left (-x-direction) in order to ook the stroke position of the lockable
gas spring. The wire was connected to the releasdle by a crimped aluminum
stop sleeve. Note, the views in Figure 4.14.1campped portions of old bill of

material lists, and the circled numbers have nth&rmeaning.

a) b) C)
Figure 4.14.1:Gas spring release handle designs, a) round tob@tmassembly,
b) square tube mount wire assembly, c) squarerdaet wire assembly

The final design differs slightly in the fact ththe gas spring release handle is
mounted horizontally to a vertically aligned squauriee instead of the “U” tube.
Additionally, wire conduit mounts are located orsthquare tube and align the wire
cables in a vertical fashion (Figure 4.14.2). His setup, the user pulls up (+z-
direction) to apply tension to the wire cables (ffeg4.14.3) to release the stroke lock
of the gas spring (Figure 4.14.4). Wires were sstto the release handle by
inserting them through small holes, and crimpedna&um stop sleeves were used to

keep the wires from being pulled back out of theebo
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a) b)
Figure 4.14.2:Gas spring release handle final design, a) compudelel,
b) physical model

a) b)

Figure 4.14.3:Gas spring release handle, a) at rest and gagydpdked,
b) actuated and gas spring unlocked

a) b)
Figure 4.14.4:Effects of the gas spring release handle on tkesgang plunger
lever, a) at rest and gas spring locked, b) aatuatel gas spring unlocked
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The gas spring release handle is zinc-plated, stedlhas a rubber-type grip
handle to make it easier for the user to graspouhd knob, welded to a vertical
square tube, acts as the handle’s pivot point.agher and button head cap screw
keep the handle secured in place. The wire cahk be able to accommodate
various height differences between the upper awerddramework. One cable end is
attached to the upper frame, and the other enohisected to the lower frame. The
wire must be long enough to reach from the float efhithe lower frame, to the
maximum extended height of the upper frame’s hanalanting location. When the
upper and lower frames are not at their maximurtadces apart, the extra wire and
conduit needed someplace to go so they would riohdke way of the user. To
solve this problem, the wire conduit was run frdma gas spring mount location
through, and out the top of the vertical sectiothefcaster leg. It then traveled
through the lower cross support tube near whesast mounted to the outer square
tube. The remaining conduit forms an “S” shapeadbehere the conduit is mounted
near the release handle (Figure 4.14.5). To ptewubbing of the wire conduit
against the holes in the caster leg and lower @ogport tube, the wire conduit is
inserted into clear, wire-reinforced PVC tubinglagse locations. PVC tubing runs

the entire length of the conduit for better oveaglpearance.

/ \

a) b)
Figure 4.14.5:Gas spring wire cable conduit path, a) computedeho
b) physical model
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4.15 “U” Tube

The upper frame is comprised of a “U” shaped tihla¢ is welded to two
square tubes (the inner telescoping square tubesobf side) as shown in Figure
4.15.1. The two square tubes are the inner tubtdelescoping square tubes. The
purpose of the “U” shape is to connect the left aght sides of the lower frame
together, and to provide a mounting location oftthe-track (Section 4.16) by means
of a short length of square tubing at the apexef‘U” shape. Also fixed to the “U”
tube are the height adjustment crank levers (Sedtis). The square and round tubes
of the upper frame are electropolished for a nieeesand improved sliding surfaces

between the side square telescoping tubes.

a) b)
Figure 4.15.1:Upper frame “U” tube, a) completed assembly,
b) upper frame tube weldment

A main design concern with the actual “U” shapdaetwas whether it would
hold up to the forces applied to it when someortahmir full body weight on the seat
frame. This raised the question about how thiekttibe wall needed to be.
Combinations of shear and moment forces are apmidte “U” tube at the apex of
the “U” when someone sits completely on the seah& (Section 4.18). In order to
find the answer, a Finite Element Analysis (FEABwaeformed on the “U” tube
using the Unigraphics program. The focus of thvestigation looked at stresses and
deflection of the “U” tube under loading conditioas seen by 200 and 250-pound
people sitting on the seat frame. Results of thA test are provided in Appendix A.

FEA tests showed that a stainless steel tube,amithutside diameter of 1.25 inches
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and a 0.065-inch wall thickness, offer safety fextaf 2.5 and 2.0 for 200 and 250-

pound loads respectfully.

4.16 Two-Track

As discussed in Section 3.8, an adjustable clagnjpame, known as the
“two-track”, was developed to attach the sternuppsut, thoracic support, and seat
frame to the upper frame. This frame is comprse@061 aluminum, and formed by
an extrusion machine. For strength, the extrudi@aiaum is heat treated to a rating
of T6. This rating gives the aluminum extrusioyield strength of approximately
40,000 psi. After the extrusion piece is cut toglln and bent, it is anodized for
appearance and corrosion resistance. This extrisioot an off-the-shelf item, and
is custom made for Mulholland Positioning Systems.

Two basic design shapes of the extrusion’s creses were explored. Both
designs had to fit inside a 1.25-inch square tuite &0.065-inch wall thickness.
Therefore, the maximum square width of the extnuswas 1.12 inches. To allow
room for variation in the 1.25-inch tube, the manmmwidth of the extrusion was set
to 1.11 square inches. This left a 0.005-inch Bgspaced gap between the
extrusion and the inside wall of the square tubkeis gap distance also allowed the
extrusion to easily slide into the 1.25-inch squaf®e. As discussed in Section 3.8,
the extrusion has a “T” shape slot to accept tladt gt a bolt and offers a mounting
location for a nut threaded to the bolt. Exampliethis setup are shown in Figure
4.16.1, which also shows how a stainless steeklan be inserted into the track to
provide even more rigidity to the aluminum extrusidExamples of the cross-section
of the aluminum extrusion are shown with one “Tddwo “T” slots in Figure
4.16.2.

a) b)
Figure 4.16.1:Two-track setup, a) clamping of a square tube wisiteel bar
inserted, b) physical model of nut and bolt clangsetup
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a) b)
Figure 4.16.2: Two-track cross-section designs, a) one “T” dbpttwo “T” slots

A FEA study, using Unigraphics, was preformed anations of the one and
two “T” slot designs in order to verify they woutit yield from a user’s weight.
Very early frame designs used an extruded traategient with a radius to a 90-
degree angle. This setup had a general “L” shaftewhere the vertical (z-
direction) “L” leg was mounted to the “U” tube, atite free end of the horizontal
“L” leg was where the seat mounting bracket wasted. An FEA was preformed
using the one “T” slot design noted in Figure 4218. The length of the legs forming
the “L” shape stayed constant at 10 inches, and WB#&preformed on bend radii of
3, 4, and 5 inches. Additionally, tests were pmefed with the face of the extrusion
containing the “T” slot (top face in Figure 4.1@Pon the outside and inside curved
faces of the bend (Figure 4.16.3). Detailed resafithe FEA test on the single “T”
slot are included in Appendix B. The results inp&pdix B concluded that for a 200
pound load at the end of the horizontal “L” shajesy] it is best to have the extrusion
bent with the “T” slot on the outside of the beadius, and to have a bend radius of 5
inches.

Fixed
\

Force

Figure 4.16.3:“T” slot on inside (left) and outside (right) oébd radius
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After the initial FEA results were completed, iasvdecided to incorporate
two of the “T” slots into the extrusion insteadjws$t the one “T” slot. Therefore, nut
and bolt type mountings, shown in Figure 4.16.1Lild@¢de applied on opposite faces
of the extrusion. The double slot design usedattered “T” shape (Figure 4.16.2-b
verses Figure 4.16.2-a). The second tier elimthateminum material in order to
reduce weight and cost without significantly intheeng the extrusion’s structural
properties. With the double “T” slot, or “two-tidcsetup, the aluminum extrusion
was not bent in the “L” shape as earlier describledtead, it was changed to be
straight and vertical, and a steel frame replabecdhbrizontal section of the “L” that
extended to the seat bracket. Various widths apdhd of “T” slots were tried using
the FEA analysis to analyze their effects on défd@cand stress. The detailed results
of the double “T” slotted aluminum extrusion arsplayed in Appendix B, and
conclude that a 2,000 inch-pound moment would gigafety factor of
approximately 2. Therefore, an extruded aluminwa+track is used with the

specifications shown in Figure 4.16.4-a.

a) b)
Figure 4.16.4:Final design of aluminum two-track extrusion, ajail, b) physical

Early versions of the Gait Master™ had the opewintipe “T” slot facing
towards the front and back of the unit (Figure 461#®). The orientation of the “T”
slot was rotated 90 degrees to slightly decreasantkrnal stresses in the extrusion
(Figure 4.16.5-b). This orientation also proveati®@r more accessibility for

mounting the thoracic, seat frame, and upper fremkee two-track.
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a) b)
Figure 4.16.5:Orientation of the aluminum extrusion “T” slot,ta)the front and
back, b) to the left and right

“T” slot widths are very important when it comesmounting items to the
aluminum extrusion. The width of 0.255 incheausst jwide enough to accept a 0.25-
inch diameter shaft of a bolt. Additionally, th&80-inch slot width allows just
enough room for the nut of a 0.25-inch bolt toesladong the length of the slot, but
not allow it to rotate in the slot. Most hexagoshaped nuts for a 0.25-inch bolt
have a face-to-face width of 0.4375 inches. Theans that the nut is held in place
by the walls of the “T” slot and will not rotate wh the bolt is being loosened or
tightened. This allows for easy one-tool adjustteeand keeps most of the hardware
hidden from view.

To make the assembly of the Gait Master™ easrdiafdory workers and
end-users, standard 0.25-inch nuts were replacitdowstom made “long nuts.”
These new nuts are made out of 0.4375 by 0.18#brertangular steel rod.
Basically, the old nut shape was elongated to naéigaing the nut with the “T” slot
easier to perform. Two examples of the long ntesshown in Figure 4.16.6.
Sternum and thoracic supports are clamped usirggwith a single tapped hole, and

both the upper and seat frames are clamped by dsingle tapped nuts.
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Figure 4.16.6:Long style clamp nuts for aluminum extrusion

As discussed in the Section 4.15 and shown inrEigul6.5, the two-track
extrusion is mounted to the lower frame at the agfedke “U” tube. There, the two-
track is clamped to a 1.25-inch square tube via@&-inch button head cap screws
(Figure 4.16.7-a) or two 0.25-inch ratchet levétigre 4.16.7-b) tightened into a
double tapped nut (Figure 4.16.6). Two screws weses (instead of only one) to
double the chances that the two-track was firmbused to the upper frame, even
though only one fastener could handle the entamping load. Additionally, ratchet

levers are faster and easier to use.

a) b)
Figure 4.16.7:Two-track and “U” tube attachment, a) button heag screws,
b) ratchet levers

4.17 End-Cap

A custom “end-cap” was made to protect the usenfbeing scraped by the
lower end of the two-track where it is attachedhbethe seat support frame. The
end-cap has two protruding fingers that are indarito the “T” shaped cavities of
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the two-track. It also has a 1.1-inch square faamver the same area as the end of
the two-track. The corners of the face have ausadesign to protect users from
scratches by the two-track or end-cap. The finsteaps made were milled out a
solid piece of tough, impact resistant APS (acrytde-butadiene-styrene) plastic.
Future plans are being investigated for mass ptamiuof end-caps via injection
molding techniques. Views of the end-cap desigd,@ow it is inserted into the two-

track, are shown in Figure 4.17.1.

@«

a) b) c)
Figure 4.17.1:End-cap for two-track, a) details, b) insertionptotype plug

4.18 Seat Frame

A unicycle seat is used to partially support teeris weight and to help
relieve loads applied to the legs while using tlaét Glaster™. As reviewed in
Section 4.16, early models of the seat frame cargrof bending the two-track in a
90-degree angle to provide a surface on whichtazhthe seat mounting bracket
(Figure 4.18.1-a). This frame setup was later ghdrio a square tubular steel frame
that fastened to the vertically aligned two-tra€lg(re 4.18.1-b).

a) b)
Figure 4.18.1:Seat frame, rear angled view, a) bent two-tratlkpse
b) square tube setup
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A straight tube frame allows for greater heighjuathbility of the seat frame
on the two-track as compared to the bent two-testldp. The square seat frame is
attached to the two-track in the same manner thetthe is attached to the two-
track. Bolts and nuts are used to clamp a 1.2b40yc0.065-inch wall square tube to
the two-track (Section 4.16). Depending on therdstion of the two-track (Figure
4.18.2-a verses 4.18.2-c), different styles ofeflasts can be used. If the two-track is
orientated as shown in Figure 4.18.2-a, then sdob@d cap screws are used that are
recessed within a cone piece (Figure 4.18.2-bneSdnelp to protect the user if their
leg brushes up against these fasteners. Instesng the cone system, a button
head cap screw can be used. However, the soaketdilze of a standard 0.25-inch
diameter socket head cap screw is 0.1875 inchdgharsocket drive size of a 0.25-
inch button head cap screw is less at 0.15625 schberefore, to ensure that the
operator of the Gait Master™ can securely tightendap screws to the two-track, a
decision was made to go with the larger socketedrii larger socket drive size is
less likely to strip out and consequently decréhseamount of holding capacity of a
bolt. When the two-track is orientated as showRigure 4.18.2-c, the use of one (as
shown) ratchet lever with a socket head cap scretweouse of two ratchet levers is
employed. Ratchet levers can be used with thentation of the two-track because
levers do not obstruct leg movement when propetyised. Two fasteners are used
to attach the seat frame to the two-track to dotli#echances that the user will
securely fasten the seat frame to the two-tracknelrough only one fastener can
handle the entire clamping load. The final desifjthe seat frame is shown in Figure
4.18.3. The dark rectangle hanging from the undersf the seat frame, as shown in
Figure 4.18.2, is a tool pouch. It holds allenmatees required for end-user assembly

and adjustments. A Velcro flap keeps the toolmffalling out of the pouch.
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a) b) C)
Figure 4.18.2:Seat frame fastener connection to two-track,d® siount,
c) cone mounts for cap screws, b) front mount

Figure 4.18.3:Final design of the seat frame

The unicycle seat is secured to the seat fransewglded bracket (Figure
4.18.4). This bracket allows the position of teatgo be shifted front to back (+/-y-
direction) as well as the pitch (rotation abouiaaxis) of the seat. The horizontal
section of the seat frame is made from 1.0-inclasgjtube, and fits just inside 1.125-
inch by 0.049-inch square seat bracket tube. Aswelded over a hole on the
underside of the seat bracket. A socket heada@awss inserted into this nut and is
forced against the seat bar frame, thus securmg@aiition of the bracket on the
horizontal seat frame (Figure 4.18.5-a). The wlegeat comes furnished with four
threaded studs, protruding from its undersidepfounting purposes. The bent plate
that is part of the welded seat bracket has folledhslots. These slots accept the
four threaded seat studs, and nuts are used t@dlarseat to the bracket.
Loosening the four nuts, adjusting the pitch, drehtretightening the nuts is the
process used for changing the seat’s pitch (FigLir8.5-b).
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Figure 4.18.4:Welded bracket for the unicycle seat

\

a) b)
Figure 4.18.5:Seat adjustments, a) front to back, b) pitch

Finite element analysis were completed on botlsthmre tubular seat frame
(Appendix D) and the curved frame shown in Figuds4l-a (Appendix B).
Conclusions from these tests show that the squaeedeat frame can handle a user

who weighs 200 pounds.

4.19: Rear Seat Pad

A moveable pad located at the end of the seatefqamavents a user from
sliding off the rear of the unicycle seat. Theruseestricted from sliding off the seat
in any other direction because they are blockethbypper frame’s “U” tube and
two-track. In order for the user to be able toigetnd out of the Gait Master™, the
rear seat pad is repositioned to allow direct axt@s$he unicycle seat. To
accomplish this, a lockable pivot was developed.

The first variation of the lockable pivot incorpbed an interlocking tooth
clamp. One half of the clamp was fixed to the femek end of the seat frame. The
other half was mounted to a shaft and pad setuglwactually blocked the user
from sliding back off the seat). Figure 4.19.1w8hdhe interlocking tooth clamp
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attached to the seat frame (note that the vesitaft and pad setup is hidden in this
view). Mulholland Positioning Systems already inpmrated this kind of interlocking
aluminum tooth clamp in some of its other produc®e example of a current clamp
design is shown in Figure 4.19.2. To make the plamark on the Gait Master™, a
bolt acted as the pivot, and went through both plaéialves via the hole encircled by
the teeth. A nut aligned the teeth and lockeddkettion of the pivot. To change the
position of the pivot, the nut was backed off torpi: clearance between the
interlocking teeth to allow rotation between th@talves. In the end, the
interlocking tooth clamp design was discarded bseaui its bulkiness and difficulty

encountered using the clamp once a user was iGaiteMaster™.

Figure 4.19.1:Rear seat pad interlocking tooth clamp pivot cat fmme

a) b)
Figure 4.19.2:Example similar to the interlocking tooth clampgqti a) ratchet faces
interlocked, b) ratchet faces apart for observaitictarity

A completely different system was used to chahgepbsition of the rear seat
pad. A sliding pin was used to automatically |olo& rear seat pad into place. Now,
all the user has to do to release the lock is slidleob attached to the sliding pin.

The pin joint is comprised of a sliding pin, threddstud, plastic ball knob,
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compression spring, roll pins, yoke, and a notgtiedt stud. The yoke is welded to
the end of a 0.625-inch diameter tube (Figure 8-bJ that runs vertically up behind
the unicycle seat (when the latch is locked). deshe end of this tube, where the
yoke is welded, is the sliding pin. A compressspning, held in place by a roll pin,
applies constant force to the sliding pin, forcihg sliding pin against the curved and
notched face of the pivot stud. The stud is statip and welded to a bracket at the
rear end of the seat frame (Figure 4.19.3-a). yidke pivots about the stud via a roll
pin. In the locked position, the sliding pin isded into the stud’s notch, preventing
the tube (containing the sliding pin) from rotatinghe user unlocks the joint by
pulling a knob attached to the sliding pin. Thisethgages the sliding pin out of the
notch in the stud, thereby allowing the yoke (dmelrest of the vertical tube) to rotate
and swing down toward the floor. Figures 4.19&-@both show sectional views of
this rear seat pad pivot in locked and unlockedtipos. Figures 4.19.4-b & d show
the pivot in the locked and unlocked positions; beer, the vertical tube and yoke
are hidden from view. Figures 4.19.5-a & b show/physical model of the rear seat
pad pivot in the locked position, and Figures 619& d show the pivot after it is

unlocked with the vertical tube swung down.

a) b)
Figure 4.19.3:Welded tubes for thoracic joint, a) with notchéads b) with yoke
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c) d)
Figure 4.19.4:Sliding pin lock mechanism, a) sectional view kied,
b) locked with vertical tube and yoke hidden, @tsmal view, unlocked,
d) unlocked with vertical tube and yoke hidden
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c) d)
Figure 4.19.5:Sliding pin lock of physical model, a & b) lockedsition,
¢ & d) unlocked and vertical tube swung down

After the design of the rear seat pad pivot waspeted, the rest of the
vertical tube design was planned. As shown infle@ul9.5, the final design of the
rear seat pad uses a straight tube with a cushjpmeédlamped to it. However, this
was not the original design. Instead of clampimgd to the tube, the tube was
originally bent in a question mark “?” shape asvatin Figure 4.19.6. The curved
part of the tube was covered in neoprene foam docadhioning for the user’s
comfort. This design was later rejected becaudilihot offer any pad placement
adjustability. Additionally, the sliding pin, spg, and roll pin of the round tube had
to be assembled before the yoke was welded tarthiglst end of the tube. A new
design used a 0.5 by 4 by 8-inch neoprene padhattiaio the vertical tube via two
clamp blocks. A 0.25 by 4 by 8-inch piece of AB&gtic backs the neoprene
padding (Figure 4.19.7), and provides rigiditylte heoprene padding. A nylon
fabric slipcover encases and protects the neo@ed&BS.
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Figure 4.19.6:Rear seat pad original design with a looped tube

Figure 4.19.7:Final design of rear seat “pad” showing neopresddpg, ABS, and
slipcover

The clamp blocks used to attach the pad to th250iich diameter vertical
bar are made from solid aluminum rod, and havefanm@on shape cut into one face
(Figure 4.19.8-a). The diameter of the half-moonis equal to the diameter of the
0.625-inch vertical tube. Therefore, a pair ofsthélocks fit snuggly around the
0.625-inch diameter vertical tube. Two socket hesalscrews are used to clamp the
two blocks around the tube, and are threaded ifitotits that are inserted into the
ABS backing of the neoprene pad. This setup allinedranslation and rotation
(about the tube axis) of the seat back pad to hestsdl by loosening and tightening
the caps screws. The heads of the socket cap sarewecessed and flush with the
face of the clamp blocks for appearance and useegqtion (Figure 4.19.8-b). The
0.625-inch vertical tube, yoke, and notched stednaade from steel and zinc plated

for corrosion. The sliding pin, spring, threadéads and roll pins are all made from
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stainless steel. A round plastic end cap is plaved the open end of the vertical
tube to protect the user. All of the “real” piatgrtaken of the actual pad used in the
rear seat pad setup use a 4 by 5-inch neoprenaB&dacking, whereas the final
design will have a 4 by 8-inch setup as shown encbmputer generated model in
Figure 4.19.9.

a) b)
Figure 4.19.8:Seat pad clamp blocks, a) hidden line sketchftby assembly

Figure 4.19.9:Final design of rear seat pad setup

Even though the rear seat pad can be adjustesightrand rotation, it also
needed to be adjustable in depth. To meet thid, reegelescoping square tube design
was used with a special “sliding face lock” to kelee pad at a fixed depth. The 1.0-
inch square horizontal tubing of the seat frams astthe outer telescoping tube.

Wall thickness of the 1.0-inch square tubing i10.0hches; therefore, a 0.875-inch
square tubing with 0.049-inch wall thickness wasduas the inner telescoping square

tube. This simple design worked quite well, bprablem was encountered when
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deciding how to fix the two telescoping tubes tbgetn a desired position. A setup
similar to that used to attach the unicycle semjufe 4.18.5-a) to the seat frame
could not be used (where a nut is welded to thereat surface of the outer square
tube over a hole to allow a screw to be threadszlitth and be tighten against the
wall of the inner square tube). If this kind ofigewas used, the unicycle seat
bracket mount (Figure 4.18.4) would not slip over hut welded to the 1.0-inch
square seat frame tube.

To overcome this obstacle, a sliding face lock used to clamp the
telescoping square tubes together from insideubest The exposed rear face inner
telescoping square tube was welded to a smallnrgotar steel plate. This plate
acted as the mounting location for the notched sfutle rear seat pivot (Figure
4.19.3-a). The welded location of the notched stad offset from the end face of
the inner square tube. This allowed room for &2h hole to be drilled through
the steel plate along the central axis of the inekescoping square tube. This hole
was counter-bored, and accepted a 5-inch long sbelesl cap screw.

The face of the opposite end of the inner telesgppquare tube was cut at a
45-degree angle. A 5-inch long cap screw was tamaugh to protrude past the end
of the angled face of the inner tube. The screw thian threaded into a 0.875-inch
square aluminum block. One face of this block alas cut at a 45-degree angle, and
was placed parallel with the angled face of therrielescoping square tube as shown
in Figure 4.19.10. When the 5-inch long screw tigistened, the two 45-degree
faces meet, and tend to slide along each othdreascrew is tightened further. The
sliding action between the face of the aluminuntbland the steel tube causes the
distance between one set of opposing faces (betthedriock and tube) to increase.
Therefore, when the two angled faces are not isambmvith each other (as shown in
Figure 4.19.10-a) the setup can easily be insémtedhe 0.902-inch square opening
of the horizontal tube of the seat frame (the ositgrare tube). To lock the 0.875-
inch square inner telescoping tube in place, theeb-cap screw is tightened (Figure
4.19.10-b). This compresses one face of the isqeare tube and one face of the
aluminum block to opposite inner faces of the otetgscoping tube. A sectional
view of this sliding lock, inside the seat framéeuis shown in Figure 4.19.11. The
inner steel tube is zinc plated for corrosion ftesise. Additional information on the
overall assembly of the seat frame, unicycle seat,rear seat pad is shown in Figure
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4.19.12. The circled numbers in this figure areeiierence to the drawing'’s bill of

material found in Appendix H.

b)
Figure 4.19.10:Sliding face lock of the rear seat pad depth dnjast setup,
a) bolt loose and unlocked, b) bolt tightened ditingy between faces

Figure 4.19.11:Sectional view of the rear seat pad depth adjustme
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Figure 4.19.12:Explosion view of the complete seat frame assembly

4.20 Thoracic Support

Most users of the Gait Master™ will require sonmellkof upper body
support. Therefore, a thoracic support was desdigm@rovide support to either side
of the user’s chest, as well to their upper batke thoracic support also includes a
section that bridges the user’'s abdominal areavewer, this part of the thoracic
support is not intended to be placed against teésubody during normal use.
Essentially, the thoracic support design providesraounding ring barrier to the
upper body, and in turns, keeps the user in a psopkgned position for gait training
purposes. There is also a support for the steiamaa, and this is discussed in
Section 4.21.

In order for the user to enter from the rear,ttlwracic support ring is opened
to allow the user access to get into the Gait M&$telnformation about how the rear
seat pad gets flipped down is discussed in Sedtibd. In this case, instead of being
flipped down like the seat, the thoracic suppodpsned like a book. The left and
right sides of the support swing outward, away fitbentwo-track center column.
The design of the thoracic support requires thauser be able to open and close the
thoracic support while they are fully secured ieside Gait Master™. Also, the
frame that makes up the thoracic support must leetatbe angled so that the front
portion of the support goes in front of the abdorasa, and is located vertically
lower than the rear thoracic pads that supportiiee’s upper back. The angle made
by the front and back pads is approximately 20 elegin relation to the floor (xy-
plane), and is able to be adjusted in order to fitestuser’'s body characteristics.

To accomplish the swing away and adjustable aatidhe thoracic support,
an existing joint made by Mulholland Positionings&ms was modified. This joint
design is used on their Acrobat wheelchairs (Figu2®.1-a) to position an armrest
(Figure 4.20.2-b). A spring-loaded sliding pin &mbb allows the armrest to be
locked into multiple angled positions by aligningait fixed to the sliding pin with
various notches (Figure 4.20.2-a). Also, ther@ isiversal joint connecting the
armrest to the chair allowing for two-axes rotat{érgure 4.20.2-b).
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a) b)

Figure 4.20.1:An Acrobat wheelchair, a) overall view, b) hingeaomrest

a) b)
Figure 4.20.2:Acrobat armrest hinge joint, a) locked and clogedge removed
from chair), b) unlocked and opened (attached &orgh

The basic idea of the Acrobat’s armrest joint walified for mounting to
the center vertical column (which was later desigméo the two-track column) of
the Gait Master™. A variant of the notched pl&igre 4.20.2-a) is welded to a
square tube that fits around the two-track (inst&fdakeing mounted to the two-track
via a nut and bolt system). This plate is depigteligure 4.20.3-a. One plate is
welded to the left side of the center column, amoklaer plate is welded to the right
side. Figure 4.20.3-c shows the assembly of theailde bracket welded to the
vertical square tube. A sketch of the assembityhe@ijoint, welded to the square tube,
is shown in Figure 4.20.3-b. A user pushes a raunwodb toward the joint in order to
unlock the sliding pin from the notched plate. sTimovement is just opposite of the
direction of the Acrobat chair’s joint setup. Tieason for the opposite direction is to
allow the tube frame of the thoracic support tdobat closer in proximity to the joint.

Using this joint setup provides easy access bysusethe joint’s locking and
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unlocking mechanism. It also allows the thoraciport to be swung out away from
the user in order for the user to get in and oiguife 4.20.4-b). Finally, the series of
notches in the welded plate allows the angle oftiggort to be varied (Figure

4.20.4-c).

c)
Figure 4.20.3:Modified Acrobat bracket, a) ratchet plate, b) elsgle view of
assembled joint, c) overall side and top viewshofacic support
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Figure 4.20.4:Left side thoracic support movement about a teradghe modified
Acrobat joint, a) closed and locked, b) unlocked awung out, c) angle variation

The above design was later rejected becauseititehpd too many degrees of
freedom. A decision was made to use a simplet g@sign that swung the thoracic
support open using only one rotational axis. Tloeeg the exact same type of
sliding-pin joint setup used for the rear seat jodut (Section 4.19) was applied to
this design. The only difference between the seat pad joint and the thoracic
support is that the notched stud is welded to a,tuistead of a flat palate (Figure
4.20.5 verses Figure 4.19.4). This setup allovegeeaccess and operation of the
thoracic support locking mechanism by the usere Jide tubes of the thoracic
support swing away from the sides of the userlamaccess into the device (Figure
4.20.6).

Figure 4.20.5:Thoracic support with rear seat pad type joirdsetl and locked

a) b)
Figure 4.20.6:Thoracic joint, a) closed and locked, b) unlocked swung open

The design configuration of the thoracic suppblitisad to overcome two
problems. One problem was altering the angle ®ftipport, and the other problem
was how to mount it to the two-track. To solvetbot the above problems, a

“heftier” version of the rear seat pad clamp blo@kigure 4.19.7) was used, the
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details of which are shown in Figure 4.20.7-a. e&&lent in Figures 4.20.5 and 6, the
thoracic support frame is made of tubing. Thigrighs steel, and zinc plated for
corrosion resistance. Also, two different sizeswased to permit telescoping action
and allow for the width and depth of the thorageming to be adjusted.

a) b)
Figure 4.20.7:Details of thoracic support clamp blocks,
a) initial design, b) final design

Center thoracic clamp blocks form the attachmeimtbetween the thoracic
support and the two-track column. The front sectbthe thoracic support (that
bridges the user’'s abdomen area) is comprised@#&b-inch outside diameter zinc-
plated tube with a 0.058-inch wall thickness. Tthise is surrounded by neoprene
foam, which adds comfort for the user. The tharatamp blocks are made of
anodized aluminum, and firmly clamp the steel tabthe middle of its length
(Figures 4.20.6 & 4.20.8). An early version of theracic clamp blocks (Figures
4.20.7-a & 4.20.8) had locations for six 0.25-isdtket head cap screws. Figure
4.20.7-a shows where the four corner screws watk isiio the face of one clamp
block, and then threaded into the other block. Winghtened, these four screws kept
the position of the 0.875-inch tube of the thoraipport fixed in relation to the
clamp blocks. The remaining two centrally locasetews were also sunk into the
face of one clamp block, and passed completelytirghe other clamp block.
These two central screws were long enough to leadled into nuts located within
the two-track column, and kept the vertical locatad the thoracic clamp blocks

fixed. Loosening and tightening of the cap scrali@ved the angle of the thoracic
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support to be altered. Therefore, this clamp betkip solved the two problems of

mounting and changing the angle of the thoracipstip

Figure 4.20.8:Fully assembled thoracic clamp blocks with sies

The above thoracic clamp block setup works gredi, one exception. In
order to change the angle of the thoracic suppwetiwo central screws clamping the
blocks to the two-track need to be loosened alottig thre four corner screws.
Therefore, when the angle of the support needs @tbred, the clamp block
becomes vertically “loose” on the two-track. Thappens because the two screws
that keep the blocks clamped to the two-track elamp the blocks around the 0.875-
inch tube. Even if all four of the corner screwsrgrcompletely removed, the two
center screws would still keep the rotation of @#75-inch tube fixed as long as they
were securely fastened into their nuts within the-track.

To solve this problem, the two holes for the cesteews were drilled
completely through at a diameter of 0.358 inchethealiameter of a #12 cap screw
could pass completely through the counter-boredkotd the previous design.
Therefore, the heads of the two #12 cap screwsiamnly fasten the threaded
thoracic clamp block to the two-track column. Aseault, only the four corner
screws need to be loosened and tightened to clihaggle of the thoracic support.
The screw size was changed from the 0.25-inch cegws(0.375-inch head diameter)
to a #12 cap screw (0.216-inch shaft diameter aBi3inch head diameter) in order
for there to be room for the #12 cap screw headdbon the threaded clamp block
next to the 0.875-inch tubing running between thenp blocks.

The new thoracic clamp block design worked pelyedtowever, after the
change was made to rotate the two-track columnObglejrees, the two center screws
no longer had the slit of the two-track directlydemeath them to contain their nuts.
Therefore, another modification was made. Two &dj2 screws were eliminated,
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and two aluminum “L” shaped brackets were weldeth&backside of the threaded
clamp block as shown in Figure 4.20.7-b. The mdédistance between the two
walls of the “L” shaped brackets is 1.11 inchesichhs just wide enough to fit the
1.1-inch square two-track. A hole drilled on tbad face of each “L” bracket is
aligned with the side-facing the two-track slotardugh these holes, a studded
ratchet lever is inserted and threaded into a nilimthe two-track slot (Figure

4.20.9). In this figure, the two-track and lefiesineoprene foam tube pad are hidden.

a) b)
Figure 4.20.9:Thoracic clamp blocks with welded “L” bracket,
a) front-left angled view, b) rear-left angled view

As briefly introduced earlier in this chapter, fnr@me tubes of the thoracic
support will telescope. The 0.875-inch outsiderditer tube, previously discussed
for use with the thoracic clamps, has a 0.058-imah thickness, and is considered to
be the outer telescoping tube. The inner telesgpiibe has an outside diameter of
0.75-inches, and a 0.058-inch wall thickness. @toee, the inner tube slides
smoothly inside the 0.759-inch inner diameter ef dtiter tube. Both tubes are zinc-
plated steel to prevent corrosion. This telesappiesign feature is desirable because
it facilitates the adjustable width and depth @& thoracic support. The yoke and
notched stud joint are both welded to the 0.75-todding. Also, the 0.75-inch tubing
attached to the joint’s notched stud is insertéd ihe 0.875-inch tubing clamped by
the center thoracic blocks. The 0.75-inch tubittgched to the joint’s yoke is
inserted into a curved 0.875-inch tubing (Figui20410). The curved 0.875-inch
tubing is also covered in neoprene foam for adaeafort at points where it comes in
contact with the side of the user’s chest and back.
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a) b)
Figure 4.20.10:Thoracic support width and depth adjustment, g)stwhent slots,
b) difference in minimum (left) and maximum (riglailjustments

Slots along the length of the 0.75-inch tubesvalior the inner and outer
telescoping tubes of the thoracic support to benged in a variety of positions.
These slots are located on the underside of thradlwosupport, and are normally
hidden from view (Figure 4.20.10). Located ovecteslot is a 0.25-inch hole drilled
through the outer tubing. This hole provides areas point for a 0.25-inch socket
head cap screw to be inserted and threaded inglnaigcal plug located within the
inner tube. A square washer with one face millgaléto the radius of the outer tube
is located between the outer tube and head ofghescrew, and is shown in Figure
4.20.11. The screw is inserted into the inner wibehe long slot of the inner tube.
Therefore, when the cap screw is loosened, the eimek outer telescoping tubes are
free to slide over one another equal to the lenfthe slot. The slots give the
thoracic support a 9.5 to 15.75-inch width rangewall as an 8.25 to 11.25-inch
depth range.
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Figure 4.20.11:Underside of thoracic telescoping tubes with nenprfoam removed

The heads of the socket head screws are accelsgibleans of holes through
the neoprene tubing shown in Figure 4.20.10-eordier for the user to easily find the
socket head screws located within the thicker re@ptubing on either side of the
thoracic clamp blocks, hollow stainless steel spaaee used to raise the head of the
cap screw off the face of the square washer. Jpaser is also shown on the left
screw in Figure 4.20.11. Depictions of the finggd@mbly of the thoracic support,
with and without the neoprene foam, are shown gufé 4.20.12-a, & b. To protect
the user from the open rounded ends of the curvaidd, plastic tube plugs are
inserted into the ends of the tube. Neoprene foawers the thoracic support, and is
removed for illustrative purposes in figures towhodden parts. A close-up view of
the completed thoracic support assembly (minusa@m tubing) is shown in Figure
4.20.13, and an exploded view of the support i©s&g in Figure 4.20.14. Note that
Figure 4.20.14 is a cropped view of the thoracjgpsut’s bill of materials drawing.

A complete drawing, with references made to thel@ir numbers in Figure 4.20.14,
can be found in Appendix H.

a) b)
Figure 4.20.12:Final assembly of the thoracic support, a) asrabha,
b) with thoracic neoprene foam removed
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Figure 4.20.13:Thoracic support assembly with neoprene foam remov

Figure 4.20.14:Exploded view of complete thoracic support assgmbl

4.21 Sternum Support

The sternum support is the last design comporfehedGait Master™. This
device prevents the user’s torso from bending anstouched position, thereby
keeping the body properly aligned for gait-trainifgew changes were made to the
original sternum support design. A slightly curybdt basically horizontal padded
round tube is placed at the top exposed end dintbedrack, and lies across the upper
chest area of the user. Additionally, the twodtra@s bent at an angle going toward
the user’s chest to better position the suppoa.cdnnect the horizontal round tube to
the two-track, the round tube was welded to a sgtidre that fits around and is
clamped to the two-track. An early depiction af 8ternum support, on the end of

the two-track, is shown in Figure 4.21.1.
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Figure 4.21.1:Early depiction of the sternum support attacheithéotwo-track

The round tube of the sternum support is stedl ait outside diameter of
0.875-inches and a wall thickness of 0.065 inchidge square tube it is welded to is
also steel, and is 1.25 inches square with a Oi@z9wall thickness. This allows the
1.152-inch square inner opening of the square toilsenoothly fit over the 1.1-inch
square end of the two-track. The round and squdnesweldment is zinc-plated to
protect against corrosion. To keep the sternurpauixed to the two-track, one
button head cap screw is inserted into a holearstfuare tube and then threaded into
a nut inside the slot of the two-track. Similathe thoracic support, the round tube
of the sternum support is covered in neoprene flmmmser comfort. Plastic end-
caps also protect the user from the otherwise ederds of the round tube.
Computer and physical model views of the fully asisied sternum support are
shown in Figure 4.21.2. The only variation betwdentwo models is the location of
a 0.25-inch cap screw clamping the support towettack. The computer view
shows the final true orientation of the two-tratdt.s A cropped, exploded view from
the sternum support’s bill of material drawing resented in Figure 4.21.3. The bill

of material’s circled numbers are referenced in é&ppx H.
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c) d)
Figure 4.21.2 Sternum support final assembly, a & b) computedets,
¢ & d) physical models

Figure 4.21.3:Sternum support exploded view
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CHAPTER 5: FABRICATION

5.1 Machine Shop

Mulholland Positioning Systems has a large mackihap where it makes a
wide variety of parts for its various products.a&ically every part that goes into one
of their units is made in-house. Things such ds,rwolts, washers, springs, wheels,
etc. are bought. Most of a unit’s parts are formethachined by Mulholland, and
sent out for paint or anodizing treatments. Thaeefwhen new parts were fabricated
for the Gait Master™ prototypes, Mulholland Positiy Systems hired more
machinists, and rearranged its production scheiduleeet the added demand. The
recourses that were tapped into in order to prothecGait Master™ prototypes

include:

Welding

Tube bending

Sewing

Manual mills

Computer controlled mills

Drill presses

Manual lathes

Computer controlled multi-tooled lathes
Punch press

Sanders/grinders

Saws

Various common “workbench” tools
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CHAPTER 6: PROTOTYPE TESTING

6.1 User Feedback

Feedback from Gait Master™ users was an impofitsataspect in the
product design phase. User comments helped remmgoiential difficulties over
looked during the design stage that could arise fuger interactions with the Gait
Master™. Suggestions obtained at user trial sessi@re studied, and modifications
were made in order to manufacture a more userdiyayait-trainer.

One way users were provided with the chance tutrthe prototype Gait
Master™ was by sending prototype units to salesameindistributors, as well as
exhibiting it at shows and conventions. One prgietwas sent to David Glancy, a
Mulholland salesman in the Detroit, Michigan araad another unit was sent to the
Pacific Supply Co. Ld. of Daito-shi, Osaka, Japd@herapists and patients who
attended convention shows where the prototype [@aster™ was on display were
another valuable source of feedback. When Gaitén&% prototypes were located at
distributors and shows, therapists and patientg @men the opportunity to get in
and actually use this equipment.

One of the first concerns users expressed had vt a slight tilt of the Gait
Master's™ frame when users leaned far to theirdefight sides. This excessive
leaning caused a person’s center of gravity td ghthe unit. As further discussed in
Section 7.1, this leaning action was enough toeptise force applied to the
compression springs and caused a slight tilt ofrdo®e about a y-axis. To correct
this problem, a second cross support tube was @etdthe left and right lower frame
members, and this helped to prevent the Gait M&feom tilting when the user’'s
center of gravity shifted.

Changes were also requested concerning diffeized sf the thoracic and
sternum supports. Therefore, a larger versioh@thoracic support was created that
increased the width range by 2.5 inches and thihdapge by 1.5 inches, as
discussed in Section 9.2. Additionally, a smaliersion of the sternum support was
requested, since the original sternum pad wastktiggng for smaller individuals.
Another sternum pad option was developed that wasles less in length, and this
is discussed in detail in Section 9.3.
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The last major request came from the Japanesédisir (Pacific Supply of
Daito-shi, Osaka, Japan). Because of the ovaralllsr stature and body size of the
Japanese verses the American population, the Jegdistributor asked if the Gait
Master™ could also be made in a narrower versidrerefore, an option of the Gait
Master™ will be to have an overall frame width 2hies smaller (26 inches) as

compared to the original 28-inch wide model. Ttbsic is discussed in Section 9.4.

6.2 CE Mark Approval
In order for the Gait Master™ to gain wider acegge in the European
market, the CE (non-acronymic) mark approval isentty being sought.

The CE mark is the official marking required by thuropean

Community for all electric and electronic equipmérdt will be sold,

or put into service for the first time, anywherehe European

Community. It proves to the buyer, or user, th&t product fulfills all

essential safety and environmental requiremendefsed by the so-

called European Directives. (CE-Mark)

When CE mark approval is given to a specific padine manufacturer gets
the opportunity to sell the product to the entitedpean market via completion of
this single approval process.

The Medical Directives Directory is a sub-categofyhe CE Marking
Directive. This category applies to all medicavides, whether they contain any
electronics or not. This is why the Gait Masteréfuires a CE mark for the
European market. The CE marking being soughtas<l, Annex VII (Cooke).

At this point, the application process for the @B&rk has not been completed
by Mulholland Positioning Systems. It is anticggthat no changes will have to be
made to the current Gait Master™ in order to satis¢ CE mark testing facility.

However, if requested, changes will be made inmtmebtain the CE mark approval.
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CHAPTER 7:
MODIFICATIONS AFTER PROTOTYPE COMPLETION

7.1 Lower Cross Support Tube

The first prototype model of the Gait Maser™ oh&d one cross member
connecting the left and right sides of upper frambe lower frame was not
connected on the left and right sides. When a dwawt force (negative z-direction)
was applied to the seat, both the left and rightsiof the Gait Master™ would
compress equally. This would happen only if therigscenter of gravity was located
approximately on the central yz-plane.

Some users of the Gait Master™ may not have sefficipper torso control,
and tend to lean to their left or right side. Qthsers may get tired, and give their
upper body a rest by leaning against the leftgintrihoracic pad. Leaning to the side
shifts the user’s center of gravity away from tleatcal yz-plane. If the user leans to
one side and relaxes their leg muscles, an unéguea is applied to the left and right
compression springs. The coil spring on the seladleaned into will see a larger
force and therefore compress more than the cangpn the other side. This uneven
compression slightly tilts the Gait Master™ abouytdirectional axis. The user
might notice this tilt, and feel less secure inting. Even though the tilt of the unit
did not make the Gait Master™ structurally unstabsers might not use the unit to
its fullest extent due to an insecure feeling whadaxing in the unit.

To eliminate the tilt between the left and rigiaes, a lower cross support
tube was connected to the left and right sideb@iawer frame. This design makes
it unlikely there will be any significant differeadn the compression forces between
the left and right compression springs. The lostgyport tube is similar in shape and
structure to the “U” tube, except that it is pasied at a tilt about the x-axis. The
support tube protrudes forward and up off of eaiohtfface of the lower frame, and
then turns inwards to meet itself. This lower suppube crosses the front of the Gait
Master™ in front of the upper thigh area in a lomathat does not impede normal
gait-training leg movement. An example of the Gdatster™ with and without the

lower support bar is shown in Figure 7.1.1.
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a) b)
Figure 7.1.1: The Gait Master™ models, a) without the lower sregpport tube,
b) with the lower cross support tube

7.2 Optional Wider Stance

It was decided that the Gait Master™ would laeaiailable in two different
overall caster leg widths. The typical width isi@8hes, and an optional feature
allows the overall front leg width to increase th3inches. The rear caster leg
overall width remains at 28 inches even with thdexifront leg option. The normal
position of the front legs is at a 10-degree outlargle from the yz-plane, and the
wider stance option positions the front legs al&degree outward angle.

Placing front caster legs at a wider stance ine®#se stability of the Gait
Master™. However, as discussed in Section 7.1rga®on to increase the front leg
width was not a structural one. Instead, it wasewd a confidence booster for the
user. Users felt much more secure when seeinggt$ter legs at a wider stance.
Adding a second leg-lock pin to each of the fraadter legs allowed the caster legs to
increase in total width. These pins acts in thmeesavay as the pins already in place
to keep the caster legs locked at an outward positi

However, the second set of locking pins allowsaf@econd locking position
for the front legs, thus allowing the legs to bated even further outward.
Depictions of the Gait Master™, with and withou¢$k pins, are shown in Figure
7.2.1.
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b)
Figure 7.2.1:Gait Master™ front leg width locking pins,
a) one pin housing, b) two pin housings

7.3 Rear Seat Pad

The rear seat pad’s design was increased in l¢ogttow for easier exit from
the Gait Master™. During the exiting process,uker positions the Gait Master™
(with themselves inside of it) so the rear of thé is directly in front of a fixed chair.
The chair is what the user is going to transfes fnom the Gait Master™. During
the transfer procedure, the rear seat pad is sdowg from the vertical locked
position. This allows the back the Gait Master™é¢ocompletely free of
obstructions (after the thoracic supports have hedéocked and opened, too).

Typically, a user will want to get as close to tixed chair as possible in
order to make the transfer into the chair as easitysafely as possible. If the Gait
Master™ is positioned too close to a chair, the seat pad cannot swing all the way
down as shown in Figure 7.3.1. This is not a sesrjgroblem because the pad can
also act as a type of guide and slide for movirtgvben the Gait Master™ and down
into the seat of the fixed chair. The originalrreeat pad was four inches wide and
five inches long (as shown in Figure 7.3.1). ¥ position of the rear seat pad was
placed near the end of the support bar it is caedeto, the pad tended to slightly
catch the user’s rear inner thighs as the userrkavihem self into the chair.
Therefore, the length of the seat pad was incres8dnches to help reduce the

possibility of an obstruction (Figure 4.19.9).
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Figure 7.3.1:Rear seat pad’s swing obstructed by seat

7.4 Gas Spring Release Handle

The original design placed the location of the garéng release handle at the
apex of the “U” tube in front of the user. Howevarevised design placed the
handle at a new location. The handle is locatestty in front of the user, and
attached to the lower cross support tube as showigure 7.4.1. This new location
still offers easy access to the lever, but nowhitedle is vertically positioned instead
of horizontally positioned. Additionally, the wigable conduit is mostly hidden by
running them inside the lower cross support tultedown the front caster legs. This
setup eliminates the possibility of the loose vaable conduit interfering with the
user. Additionally, if desired, the upper frama ¢ completely removed from the
lower frame. With the earlier prototype, the upframe was connected to the lower
frame by the wire cables. Now, the cables aretéatanly on the lower frame. Also,
this new setup is cheaper to produce becauserigthlef wire cable required for the

new location is about 10 inches less than the keafithe old wire design setup.

Figure 7.4.1:Gas spring release handle located on lower crggsost tube
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7.5 Two-Track Orientation

As mentioned in Section 4.16, and shown in Figui®.5, the orientation of
the two-track changed after the first prototypet®&aster™ was built. The two-
track was rotated 90-degrees about its own cewgréical axis from its original
position (shown in Figure 4.16.5-a) to the positstiown in Figure 4.16.5-b.
Rotating the two-track offered a slightly largefuafor the cross-section moment of
inertia. Using Hook’s Law and the Parallel Axisebnem, moments of inertia of the
two-track were found about the A and B axes as shavFigure 7.5.1. Due to the
placement of the seat on the seat frame, a largeambis placed on the two-track
when the user sits or places their weight on tla s8tresses in the two-track are
consistent between the two orientations, excepth®istress caused by bending. This
occurs because the moment of inertia value isreiffiebetween the two positions.
The first prototype was made with the bending manadout the A-axis. Later
designs placed the bending moment about the B-&@nent of inertia calculations
used the dimensions shown in Figure 7.5.1. Th@5k/A0.006-inch values were
changed to 1.10 inches for calculations, and dii v@ere ignored. Design criteria
suggested the two-track should be orientated ih augay as to have the greatest
moment of inertia value. The two-track's momeningftia values about the A and
B-axes are 0.080255 inches cubed and 0.1048319mehed respectfully. Therefore
the final orientation of the two-track placed mofkthe bending stress about the B-
axis. This meant that the A-axis is now perpenidicto the user's chesMoment of

inertia calculations about both axes are shownppehdix E.

Figure 7.5.1:Two-track cross section with moment of inertia axes
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CHAPTER 8: TECHNICAL DATA

8.1 Overall Width

One very important design specification of thet®&éaster™ was that it had
to be able to fit through doorways. Not all doadths are equal. However, as stated
in the Section 4.13.5 of the “ADA Standards For éssible Designs”, “Doorways
shall have a minimum clear opening of 32 in (815)mnth the door open 90
degrees, measured between the face of the dodhamgpposite stop” (Department,
527). This guideline is for all “accessibility ptaces of public accommodation and
commercial facilities”, as stated in the Purpos@ppendix A (Department, Sec. 1,
492). A depiction of the width requirements iswhan Figure 8.1.1. The Gait
Master™ was designed in accordance with thesea#guos, yet it is not uncommon
to have doorways in older buildings or residertimies that are less than 32 inches.
Therefore, the max width of the Gait Master™ (wihib front and rear caster legs
both at a 10-degree outward position) is 28 in¢Regure 8.1.2-a). This width is able
to fit through most common thresholds while stitbyiding stability to the user. If a
Gait Master™ user wishes to have slightly widerttvidin optional design is to have
the front casters positioned at an 18-degree odtamagle. This design is 31.9 inches
wide and is shown in Figure 8.1.2-b.

Figure 8.1.1:Doorway width requirements (Department, 528, B#). a) detalil,
b) hinged door, c) sliding door, d) folding dooy,neaximum doorway depth
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a b)
Figure 8.1.2:Gait Master™ overall width, a) front legs at adégree outward angle,
b) front legs at an 18-degree outward angle

8.2 Ridge Length

The rigid length of the Gait Master™ is the measwent from the front most
fixed part to the furthest back fixed part. Castame not included in this
measurement because they can swing about theicalg#) axis, making the rigid
length variable. The rigid length is 33.7 inchegasured from the front bumper
wheel to the rear bumper wheel (Figure 8.2.1). eBaxf of the four “rigid” locations
of the four bumper wheels (with 10-degree outwaodtfleg setup), the minimal
turning diameter of the Gait Master™ is 42.5 incffégure 8.2.2-a). As stated in
Section 4.2.3 of the “ADA Standards For Accessibésigns”, “The space required
for a wheelchair to make a 180-degree turn is ardpace of 60 in (1525 mm)”
(Department, 505) (Figure 8.2.2-b). Therefore,@ait Master™ can easily turn

around in a location built to federal code thabaB for a wheelchair to turn around.

v

33.7"

A

Figure 8.2.1:Rigid length
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425" <

a) b)

Figure 8.2.2: Turning diameter, a) Gait Master™,
b) Federal code for wheelchair (Department, 507 ,3-&)

8.3 Footprint

The Gait Master™ was designed to take up the s#owadle floor space
allocated for a normal wheelchair. This spacéésrectangle formed by the width of
and length of the Gait Master™ as it is rolled fard: The width used for the
footprint measurement was 28 inches (Figure 8.},.aral the length used was
slightly longer than the rigid length because ofvlibe casters track and stick out
behind the rear bumpers when the unit is pusheddfol. The footprint length
measured on the Gait Master™ was the distance tinerfront most point of the
bumper wheel to the furthest back point of the ceeter as shown in Figure 8.3.1.
This distance is 35.8 inches as measured withrtim¢ €aster legs at a 10-degree
outward angle. Therefore, the Gait Masters™ mgtdar floor space of 28 by 35.8
inches is within the ADA’s requirement of 30 inch®s48 inches as noted in Section
4.2.4.1 of the “ADA Standards For Accessible DesigRart 36 Appendix A of the
“Code Of Federal Regulations” and shown in Figu®@3B(Department, Sec. 4.2.4.1,
506).
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35.8”

a) v
Figure 8.3.1:Gait Master's™ footprint length

Figure 8.3.2:Minimum clear floor space for wheelchairs (Depart) 508, Fig. 4),
a) clear floor space, b) forward approach, c) pelrapproach

8.4 Wheelbase

The wheelbase measurement of the Gait Masterithikasto the wheelbase
measurement of a car. By definition, a wheelbagke distance from the front wheel
axle axis to the rear wheel axle axis. The Gaisteld™ has a wheelbase of 27.9
inches as measured when the unit is pushed for(#grdirection). This wheelbase
is 1.7 inches longer, and thus more stable, thahetiding competitor's Meywalk
(Chapter 12). See Figure 8.4.2 for a visual regregion of the Gait Master's™

wheelbase.
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< 27.9"

Figure 8.4.1: Gait Master's™ wheelbase

8.5 Unit Weight

The weight of the Gait Master™ prototype, aftex #uldition of the lower
cross support tube, was 44.4 pounds. Overall weigtihe unit was considered
throughout the entire design process. Howeveetgafas not compromised in order
to reduce weight. As discussed in Section 12 (hit Master™ is 10.6 to 12.6
pounds less than other leading competitors.

8.6 Maximum User Weight

Maximum user load weight for the Gait Master™ wasat 190 pounds for
the current model. The limiting factors for segtihe weight limit were the designs
used for the “U” tube (Appendix A), two-track (Apmadices B, C, & E), seat frame
(Appendix D), and the caster legs (Appendix F). stegted in the Appendices, all of
these features can withstand a 190 to 200-pound d$e 190-pound weight limit is
between the 80and 95 percentile of U.S. adult male body weights of §74nd
224.4 pounds respectfully, and is just under tHe @& centile U.S. adult female body
weight of 195.8 pounds (MacLeod, 95).

8.7 Seat Height

Seat heights vary considerably on the Gait MasteF&r example, the lowest
height from the floor to the top middle part of teat is 14 inches. This dimension is
created when the gas springs are completely extetige coil springs are not
compressed by anything other than the weight otiiper frame, the crank knobs are
turned clockwise to their fullest rotational exteihie seat frame is lowered as much
as possible on the central vertical column, anccérgral vertical column is lowered

all the way on the upper frame. The maximum heaflthe seat is 36 inches as
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measured from the floor. To reach maximum heigas, springs are completely
extended, coil springs are not compressed by amytbther than the weight of the
upper frame, the crank knobs are turned countekalise to their fullest rotational
extent, and the seat frame is slid up the cenasdloal column until the seat frame is
in contact with the central square tube of the ufya@ne. According to MacLeod,
the 50" percentile adult U.S. male and female floor ttbtaie height is 37.2 and 35.2
inches respectfully (95). The Gait Master's™ gsaage from 14 to 36 inches will
accommodate about half of the U.S. adult populatidaving a seat positioned much
higher on the current model would result in a haghter of gravity, and make it

unstable.

8.8 Sternum Support Height

The height of the sternum support varies widelwalt. Depending on the
user’s preference, the sternum support can bei@usit against the body in several
locations. Positioning is typically below, acrossjust above the pectoral area.
Height measurement of the sternum support is flwarfloor surface to the vertical
center of the round sternum pad. The minimum hafthe sternum support is 35
inches, and the maximum height is 60 inches. Thi¢@aster's™ frame setup for
the minimum and maximum heights is the same afdinge setup previously

described for the minimum and maximum seat heigkdsurements.

8.9 Thoracic Support

The thoracic support can be adjusted in three mays. Adjustments can be
made to the width, depth, and angle that the paddpgort arms are positioned in
relationship to the floor. Adjusting the thoratétescoping tubes changes width and
depth distances of said support. Chest width @tlleracic support ranges from 9.5
to 15.75 inches as measured between the innermmdatss of the left and right side
pads (Figure 8.9.1). This width range will fit 0\@5% of U.S. adult females, and
almost 95% of U.S. adult males (MacLeod, 95). €Hepth ranges from 8.25 to
11.25 inches as measured between the innermoateardf the front and back pads.
This depth range will fit over 50% of U.S. adulkdacLeod, 95). The suggested user
chest depth is two inches less than the actuahthoring’s depth because the front

of the user’s chest is not intended to be placedhagythe front thoracic ring. The
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thoracic support can also be adjusted to any artgieen by the user as shown in
Figure 8.9.2. This allows the back pad of the dl@r support to be positioned at

almost any point along the user’s back to provigerhost beneficial support.

Depth

Width

A
A

Figure 8.9.1: Thoracic support width and depth measurements

Figure 8.9.2: Thoracic support angle adjustment

8.10 Price

The initial selling price of the Gait Master™ jgpoximately $3,500. This
amount covers materials, machining, finishing, faiatication costs along with a
portion of the deign cost. Depending on whethemstomer, dealer, or insurance
company purchases the Gait Master™, the price eadfusted appropriately.

Gait Master’'s™ retail selling price is slightly neothan the leading
competition: the Meywalk 2000 by Meyland-Smith A#d the Movita by Elmi
(discussed in Chapter 12). The retail price ferniedium and large Meywalk 2000
is $2,997 (Pacific 2), and the retail price for thedium and large Movita is $3,299
(Mulholland 1). As shown in Chapter 12, the Meykvahd Movita are basically
identical designs. The price for the Gait Mastas™ few hundred dollars more than
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the comparable Meywalk and Movita models. Howethez,Gait Master™ has many

more design features that make it a better valyeitohase.
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CHAPTER 9: FUTURE MODELS

9.1 Youth Model

Mulholland Positioning Systems plans to design mathufacture a smaller
version of the Gait Master™. Even though the air@ait Master™ model can
accommodate a 50-pound child with a 21-inch inseammverall smaller frame
version would better “fit” a child’s physical dimgions. The overall appearance of
the frame will be the same as that of the larget BBaster™ version, but will use
lighter gauge material, be less in overall height] have a smaller footprint. The
smaller version will not have lockable gas sprihiks the adult version. Because the
side frame height of the child’s version is consadidy less than the adult’s side
frame, there is not enough room to have both gasgspand coil springs. Coill
springs will be used in the smaller version becdheg offer important dynamic
weight relief, whereas gas springs are more ofra@oience item to help position the
seat. Design details for the child version of @at Master™ will be completed at a
later date by Mulholland Positioning Systems, aredret a part of this research or

thesis.

9.2 Thoracic Support

The thoracic support needed to be able to fitdewiariety of users.
Therefore, another version of the thoracic ring wasle to fit a larger thoracic width
and depth. The current model discussed in Se8t@rhas a width and depth range
of 9.5 to 15.75 inches and 8.25 to 11.25 inchgsa@svely. In order to fit a larger
thoracic size, another version of the thoracic supywas designed. This new version
is not a replacement, but instead, it providesctiomer with an option of which
thoracic support size best suits their needs. sEleend version has a width range of
12.0 to 18.25 inches, and a depth range of 9.72 165 inches. The design of the
larger thoracic support is the same as the snthlbeacic support, except the length
of the telescoping tubes was increased to accomimadarger width and diameter
range. The small and large versions of the thoragpport are interchangeable. A
customer can own one Gait Master™, and can opinatth multiple users with
different thoracic support needs. Changing thedtio supports from one size to
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another is easy and includes these four steptogégn and slide out the two-track
column from the upper frame, (2) loosen and sligieame thoracic support, (3) slide
on and tighten the new thoracic support, and (@gaoe and tighten the two-track to
the upper frame.

9.3 Sternum Support

The sternum support pad consists of a straiglg with curved ends as shown
in Figure 4.21.2. The pads on the support helpionsthe upper chest when a user
leans forward when secured in the Gait Master™.il&\#ome adults may find the
current width of the sternum support tube suitablmeet their needs, other adults
may find it to be too cumbersome. Therefore, allemeersion of the sternum
support was made that has a support tube lengtistBanches smaller than the
larger version, for a total length of 8 inchesstJike the two sizes of thoracic
supports, customers can order sternum supportbéishimeet their individual needs.
Also, sternum supports are very easy to interchange single Gait Master™ by
loosening and tightening just one socket head cegws

9.4 Overall Width

Mulholland Positioning Systems is very interestecharketing the Gait
Master™ overseas, especially to Japan. Becaube ebmmon differences in body
stature, the overall frame width of the Gait Ma8tewas decreased by 2 inches to
better accommodate smaller Japanese body dimensldms design change makes
the adult Gait Master™ available in either the dead 28 or 26-inch frame width
size. All other features, functions, and optiogimain constant between the two

model sizes.
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CHAPTER 10: NEW INVENTORY CLASSIFICATION

10.1 Part Numbers

Part numbers are extremely important in the oginal process at
Mulholland Positioning Systems because they ameoa gndicator as to what the part
is and where it is used. Examples of part numaers102-502, 102-502-04, and
405080063. The “###-###" or “###-###-##" pattemoludes one or more dashes to
designate that a part is made internally by thepaong’s machine shop. It also
specifies on what product and in what section effifoduct the part is used. The “-
##” ending refers to a specific part drawing. Lgragt numbers with no dashes in
them, like 405080063, specifies that the item wparahased part, such as raw
material or hardware. A number like 102-502 (withany “-##" ending) indicates
that the item is made up of other sub-parts. Thkabeparts contain the parent part
number, 102-505, and also have a suffix like -0402 -03, etc. Dashed part
numbers will have a “callout” for a non-dashed nembThis shows what specific
raw material the part is made from. An exampléefrelation between part numbers
is shown in Figure 10.1.1, which is a weldment dnawof the Gait Master's™ upper

main frame

Figure 10.1.1:Weldment drawing of the upper frame
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When a new part is designed, a new part numlsssigined to it so the part
can be added to the inventory of parts alreadydgogiade by the shop. Additionally,
for each new part, a bill of material for that partreated. If a new type of raw
material is purchased in order to make the pargdalitional new part number is
created to specify that new raw material.

Not just any new part number could is used fomtée raw material. A
specific number is chosen in accordance with thieenad's characteristics and
specifications. For example, a 1/4-20 by 0.75-ilocty socket head cap screw has a
part number of 4060140112, and a 1/4-20 by 0.8¢B-lang socket head cap screw
has a part number of 4060140114. If a new iteadded to the inventory system that
was a 1/4-20 by 0.8125-inch long socket head cegwsat would be assigned the
product number of 4060140113 (Note that the “118lieg of the new product
number is between the other two product numbérk)s part numbering system
takes into account the length of the new bolt asgoketween the lengths of the other
two bolts already in the system. Also, the “1188mg was not previously used
because it was “pre-assigned” to that particuldir $etup. This is because for each
0.0625-inch increment of the bolt’s length, thedarct number increases by one. So
the “113” number was automatically skipped whendtieer bolts were entered into
the system. Therefore, care must be taken whemiegtin new product numbers to
make sure consistent and understandable codiregds U-or every new part and
component of the Gait Master™, this author creatd part numbers in accordance

to Mulholland’s part numbering system.

10.2 Bill Of Material Numbers

In addition to all new parts needing part numbalispew bill of material
documents needed numbers too. The bill of mateuaiber classifications is much
simpler to understand because the number is agtoailt right into the part number.
For example, several components are used in theekafleg. It has a caster, levers,
nuts, bolts, and various other parts. When alhefhardware type pieces are
excluded from the assembly, only the parts madiéynachine shop are left. All of
those parts fall under the “102-505-##" seriesrafndngs. Therefore, the bill of
material assembly for the rear left leg is 902-508ne important change is the use
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of the “902” suffix, and this indicates that itasill of material number. The “505” is
left alone so the location (left rear leg of that@®éaster™) of the bill of material
parts is known. The “L” (or sometimes an “R”) gded on to the end of the number
when necessary to designate between “Left” andlfRigijdes. The 902-505L bill of
material lists all manufactured parts plus all mseey hardware for the assembly of
the Gait Master's™ left rear leg. The entire Qaéster™ has a parent bill of
material number that is less descript (902-2601&%4, lists all of the sub-bill of
material numbers (or sub-assemblies) that the praduct is composed of, along

with the necessary hardware to connect all subsatslses together.

10.3 DBA Manufacturing

Database Accounting (DBA) Manufacturing is a srbakiness software
program produced by DBA Software Inc. and is aimeghanufacturers and job
shops. It provides the core functions that areired to run a business. Mulholland
Positioning Systems uses DBA Manufacturing softveatensively to help organize
and keep track of items such as: inventory, wodews, bill of material lists, sales
orders, customer information, and accounting rezofvery single part used to
make the Gait Master™ was entered into Mulhollam@BA system by this author,
and included documenting numbers, names, desargtioaterial components,
amounts and types of raw materials used, and to thaf material an individual

assembly or part belonged.
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CHAPTER 11: LITERATURE

11.1 Part Drawings

Part drawings are an absolute necessity. They smachinists important
design detail specifications. Therefore, a paainging for every single component
(besides common hardware) was created. The pro8adicivorks was used to
create computerized part drawings of all partsudllg, one or two parts were
specked out on the same printed page. The draefrgspecific part consisted of
one to four views of the part that best depictedhrt's aspects. Then, views of the
part had to be dimensioned in a clear and concasetavensure proper formation of
the physical part. Each part drawing containet: 8ketches with dashed hidden
lines in several different views, dimension calkuhaterial type, finish, part
numbers and names of shown items, and if needediapnstructions to the
fabricator. In all, this author created 49 pagwings for the Gait Master™, and are
included in Appendix G.

11.2 Weldment Drawings

Weldment drawings are similar to part drawingsrt Erawings are
commonly used for parts that are made out of oeegpof material (such as a tube
with holes drilled into it or a piece of milled ahinum). Weldment drawings consist
of parts that are welded together. In additioeuwerything shown on part drawings,
weldment drawings show part names, numbers, anerialatypes of all component
parts in the weldment. An example of a weldmeatwing is shown in Figure 10.1.1.
This author created a total of 11 weldment drawiiegshe Gait Master™, and are

included along with the part drawings in Appendix G

11.3 Bill of Material Drawings

The bill of material drawings are just that, drags with a visual
representation of the component parts of a bithaferial that make an assembly. An
exploded view of an assembly was created usingl8klrks’s assembly program,
and then the view was imported into the SolidWaldrawing program. Bill of
material drawings rarely contain any dimensionpkass of the assembly as
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compared to part or weldment drawings. The manpqse of assembly drawings is
to show individual parts and where parts are usedspecific assembly.

Bill of material drawings are very useful when saeme in the factory
assembles a Gait Master™. Drawings show how eactponent needs to be
installed for proper assembly. This is done byirgiguidelines between the parts on
the sheet to show in what order, and were eachgpad. Additionally, there is a
typewritten list of every part needed along withabrresponding part or weldment
number, how many parts are required for the pdai@assembly, and callout
numbers.

Bill of material drawings are also included in Bait Master™ manual.
These drawings provide customers and dealers witayato view and order
replacement parts to help get the exact part nusneseded. Also, drawings help
save time with trying to figure out what a customents, and helps avoid
discrepancies between the desired item and thehadractually gets sent out for
replacement. This author created a total of Ulobiinaterial drawings for the Gait
Master™, and are shown in Appendix H.

The callout number is part of a sequential setunfhipers. The first written
line item on the bill of material list is assignie@ number one; the second line item is
number two, and so on until the end of the lishe3e numbers match up “floating”
numbers located in the exploded view of the assgmabld arrows point from the
floating numbers to the visual representation efghrts noted in the written list.
This makes it very easy to match parts with thespective names and part numbers.

As discussed in Section 10.3, the DBA manufactusiygjem is used to
organize the bill of materials. It is extremelypantant to match the DBA's bill of
material numbers (refer to Section 10.2) to thesarsed in the bill of material
drawings crated by SolidWorks. In the DBA prograrill of material is also
created. This bill of material is a very detailistl of all assemblies, parts, and
amounts of materials needed to build the Gait M&steThe DBA version of the bill
of material is shown in Appendix I, and was iniiyahputted into DBA by Larry
Mulholland. However, with many changes occurringptighout the design project,
this author continuously updated the DBA'’s billméterial lists to keep them current
to the most recent Gait Master™ setup.
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11.4 User’'s Manual

The user’'s manual is an essential item to the K3agter™. It describes all
the information, functions, and safety concernthefunit. It also provides important
warning and operational information that Gait Ma%teusers are required to read
prior to operating the device. This helps to preengser safety, and shows users how
to correctly operate the unit. A sticker placedtom frame of the Gait Master™ tells
users that they are required to read the user'sialdoefore operating the device.
The user’'s manual provides detailed descriptiomspactures about how to get in,
operate, get out, adjust, and store the unit. uUBee’'s manual was entirely created by

this author, and can be viewed in Appendix J.

11.5 Brochure

A brochure for the Gait Master™ was created fstribution to customers,
therapists, or anyone who wanted to know more athisinew product.
Additionally, this brochure will be sent to alongthvthe material required for CE
mark approval. The brochure contains four sectiarver page, a features page, a
benefits page, and a specifications page. It wiasgol front and back on 11 by 17-
inch paper by a professional printing company.eAfirinting, the brochure was
folded in half the long way, making it the sizesohormal 8.5 by 11-inch piece of
paper. Chris Mulholland and this author createditochure as a team. Chris
focused on the layout and wording on the frontiuiess, and benefits sections. This
author created all the photographic images andlsiéba the specifications section.

The brochure is shown in Appendix K.

129 M. E. Steele 2005



CHAPTER 12: SIMILAR PRODUCTS

12.1 Comparison Criteria

A wide range of devices are available on the maddaay that are designed to
assist in gait-training or getting around on twetfeln order to discuss products
relevant to the Gait Master™, the field of choiees narrowed down in several
ways.

First, the device had to be completely human posefiehat meant no
electrical components could be used. Productsuteelectricity tend to be heavy
due to electric motors used to assist in liftingsar into and out of a standing
position. One goal of the Gait Master™ was to habe lightweight, so no motors
were used.

Second, only models that could accept an occupeigit of at least 130
pounds were chosen. This weight was chosen bedaiesfines devices that can be
used by adults. A rough average weight for a 22%tgear-old female is 132 pounds
(Halls). Many companies have up to four or fiveesi of gait-training devices to
cover users from toddlers to large sized adulthief\picking a company’s device for
comparison, only the smallest gait-trainer thaegted a 130-pound user was chosen.

There were several main reasons for the choitieeo130-pound minimum
rating. The current Gait Master™ setup is desigoed young-adult to adult user
who can use the device without any assistance.c@hgarison weight limit was set
to narrow the field of choices to those designed/éming-adult to adult users.
Secondly, it was thought that adult users wouldehegreater aptitude to perform
independent/out-of-clinic gait-training exercis@&sses younger children. This
restriction does not suggest that the devices chimsecomparison cannot be used by
a child (someone under 130 pounds). Some units Wale ranges regarding what
kinds of users can operate the devices. Additipnalany companies have carbon
copies of the adult units, but “downsized” thenbétter suit a smaller body. Using a
consistent 130-pound user weight rating kept desize choices consistent between
companies.

The last universal restriction was that the uad ko offer complete “hands
free” operation while the user was using it to watiund. Use of the hands to assist
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in getting in and out of the unit was permittechisTeliminated the very large field of
hand-held or assistive-walker type devices (FiguBel) where use of the hands and
arms are necessary to support some of the useighiwehile they walked.

In all, eleven other gait-training devices werkested for comparison to the
Gait Master™. These choices are the most commgsdy gait-training products that
meet the above criteria. The following attributesre chosen for comparison reasons
between the twelve units:

Children’s model available
Self entry/exit

User controlled adjustability during use
Dynamic suspension
Collapsible

Sternum support
Thoracic/Back support
Unicycle type seat

Sling type seat

Bumper wheels

Outdoor terrain capable
Unit weight

The following eleven gait-training models (in adjetical order by model
name) showed similarities to the characteristicthefGait Master™. A comparison
between the Gait Master™ and its competition issshim Table 12.1.1. Images of
the eleven other models are shown in Appendix L.

1) Comet Anterior Gait-Trainer by Wenzelite Re/hab
2) Dynamico by Ormesa S.r.l.

3) Grillo by Ormesa S.r.|

4) Suspension Walker by Kaye Products, Inc.

5) Meywalk 2000 by Meyland-Smith A/S

6) Mobi by G & S Smirthwaite Ltd.

7) Movita by Elmi GmbH

8) Pacer Gait-Trainer by Rifton Equipment

9) Pommel Walker by Freedom Concepts Inc.

10) TheraTrek 1000 by Ultimate Support

11) Walkabout by Mulholland Positioning Systems, Inc.

131 M. E. Steele 2005



Table 12.1.1:Comparison between similar products

12.2 Chief Competitors

The Meywalk 2000 by Meyland-Smith A/S and the Mawy Elmi are the
chief competitive models for the Gait Master™ iddg’'s market. The other gait-
trainers were eliminated from this comparison beeahey did not have as many of
the common features of the Gait Master™, Meywalik Biovita. Some of the major
reasons why other products were discarded werg¢odue

Restricted to indoor terrain

Not capable of self-entry/exit

No seat adjustment while in use

Lack of upper body position support

No collapsibility feature for storage or transptda

In a side-by-side comparison of the eleven modetsas the Gait Master™, only

three other models showed the highest level oflarmttributes as the Gait Master™.
Of the nine attributes of the Gait Master™ (withildging the highest number of
attributes and the exclusion of weight of the deyjionly the Meywalk (seven
similarities), Movita (seven similarities), and Wabout (eight similarities) came
close to the Gait Master™. The next highest-ragkimodels had only four
similarities with the Gait Master™. The total nuenlof attributes a particular model
has is shown in the last row in Table 12.1.1. Wadkabout was not selected as a

competing model because it is made by the samefa@nte as the Gait Master™.

132 M. E. Steele 2005



The Meywalk and Movita models are very similad&sign and function as
shown in Figure 12.2.1 and also in Table 12.1.kke dnly easy way to tell the
difference between the two is to look at the loWwvame structure near the floor
between the wheels. The Movita’s tubular framgightly arched, while the
Meywalk’s frame is straight. There is a story Ibehihe German company who
originally designed and produced the Meywalk. App#dy, the German company
annoyed an Italian company to the point where thleah company decided to split
relations with the German company and make their Mlgywalk type device (the
Movita). The Meywalk was not patented, so thadtatompany had free rein to
make their own carbon copy of the Meywalk. Therefin design and function, the
Movita and Meywalk are considered to be the sarmvecden this thesis. For this
reason, the Gait Master™ was only compared to tagWalk in a detailed evaluation
(Section 12.3), since the Movita is essentiallygsame design for all practical

purposes.

a) b)
Figure 12.2.1:Side by side comparison, a) Meywalk medium angedMeyland-
Smith 2), b) Movita adult (EImi 2) and junior (EIr8)

12.3 Gait Master™ Verses Meywalk

The Gait Master™ and Meywalk are similar in margys; yet still very
different in others. A side by side comparisoth&f Gait Master™ and Meywalk
models is shown at the end of this section in Tabh®3.1 & 12.3.2. The following
discussion explains more in depth of what is foumthe tables.

One of the major selling points of the Gait MaS8{es the ability for the user
to not need assistance in order to use the gaitetrzespecially while getting in/out
and securing themselves into the unit. The Gast®tav utilizes latches for the
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upper back pads and seat back pad that can beegésathe user while in the unit.
These latches automatically lock into position whiking closed.

Meywalk users are unable to get in/out of the wtihout the assistance of
another person. To get the user from a sittirggdading position (and visa versa),
the Meywalk uses a 4-bar slider mechanism thatdbs operated by an assistant. In
contrast, the Gait Master™ utilizes lockable gaigs to assist in the lifting and
lowering process. The user can easily operatgdbesprings by use of a lever, which
is located in front of the pelvic area. Therefa@e,assistant is not required by a Gait
Master™ user if body strength and coordinatioruiident as determined by a
professional.

The Gait Master™ is less confining in the way tthat tubular frame is
designed. While in use, the Gait Master™ doesawe any cross-members that
restrict foot movement in front of or to the reatle unit. The Meywalk has a
horizontal obstruction limiting leg flexion. Foswivel casters in the Gait Master™,
instead of two swivel casters as in the Meywallqvathe user to easily maneuver the
device. The Gait Master™ has a zero turning radind can be easily maneuvered
from side to side. In contrast, the Meywalk canmerform either of these
maneuvers. The sternum and thoracic supportsecBHit Master™ are attached to
the main frame by the two-track center column. réfae, arm-swinging motions are
not restricted as much as compared to the Meywdikye the sternum and thoracic
supports are connected from the side of the mamét

The Gait Master™ weighs approximately 44.4 poumdsch is over 10
pounds less than the large and medium size Meywatk4 and 57.3 pounds
respectfully) (Meyland). The rigid frame lengthtbé Gait Master™ is about 3.7
inches shorter than both of the Meywalk models#f3nches (Meyland). However,
the distance between the front and rear wheel §wlkeselbase) of the Gait Master™
is 27.9 inches, which is 1.7 inches longer thah dhaither Meywalk model. The
larger wheelbase makes for a more stable frame. 2BAnch width of the Gait
Master™ is only 0.5 inches more than the Meywalksyland), and another version
of the adult model Gait Master™ is 2 inches shartevidth than the current Gait
Master™ model. Additionally, if the option is clewswere the Gait Master™ comes
with two different setting for the outward casteg langles, then the width can be
extended to 31.9 inches, surpassing Meywalk’s wadith7.5 inches.
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The Gait Master™ can accept a very wide rangesefsj and was designed
for a target audience of late teens to adults. ¢l@w it can also be configured to
accept many sizes of children. For example, adfg child with a 21-inch inseam
is able to comfortably use the Gait Master™. Wnsild be impossible to do with
the adult versions of the Meywalk. A future smiallersion of the Gait Master™ will
have fewer features (such as the assisted gag $iftsh whose target population will
be smaller children. A smaller overall frame sia# make the Gait Master™ more
comfortable for a small child to use.

Adjusting the seat height, while a user is imsiextremely easy on the Gait
Master™. There are two ways of doing this, ore isse the lockable gas springs
and the other is to use the crank knobs. Theasgss main function is to assist in
relieving the user’s weight as they transition &tanding position. Gas springs are
lockable, meaning that the overall length of thengs can only be changed when a
lever is actuated. Once the user engages thggagsby using the lever, the seat
can move up or down until the lever is releasede dser can choose any position
throughout the stroke of the gas springs to reléaséever and lock the overall
length of the springs. The second height adjustro@mes in the form of crank
knobs. There is one on each side of the framethedrips. These knobs are fully
operational while the unit is supporting the uséuaring a knob allows a screw to be
threaded in or out of a block inside of the fraridis allows the seat height to be
adjusted by about 8 inches. This feature makesrit easy for the Gait Master™
users to adjust the seat to the perfect heightredisethe gas springs assists the user to
the standing position. During gait, the seat ef@ait Master™, as with the
Meywalk, moves up and down providing dynamic weiggdhief to the user. In both
units, this is done by use of coiled compressiomgp. For both the Gait Master™
and Meywalk, coil spring strength is chosen dutimgordering process in
accordance with the user’s weight.

On the Gait Master™, the seat, thoracic suppad,sternum support are all
attached to a slotted two-track system. This t&ok is then attached to a cross
member of the main frame, the “U” tube. Everythaitached to the two-track can be
independently positioned up and down along thektraderefore, infinite variations
can be made to suit the user’s preferences. WMoigreick system is the major reason
why the Gait Master™ can be adjusted to fit so ndiffgrent people.
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Unlike the Meywalk, the Gait Master's™ thoracigport can be positioned
at an angle, and its position is independent ofribrgt/sternum support.
Additionally, for the Gait Master™, the width andftepth of the thoracic support
can be adjusted independently on either the lefigbt sides. Another feature on the
Gait Master™, that the Meywalk does not have, ésahility to collapse its frame for
easy transportation and storage. Each of thedaster legs of the Gait Master can be
easily folded inward to reduce its length to jugislinches. Additionally, the slotted
track can be quickly removed by use of ratchetriewe reduce the height of the Gait

Master's™ main frame by to a minimum of 30 inches.
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Table:12.3.1:Gait Master™ verses Meywalk medium and large nsdel

Specifications (Ibs, in) Gait Master™ Meywalk 2000 Med. Meywalk 2000 Lg.

Weight Of Unit 44 .4 55 57

Rigid Length 33.7 374 37.4
Wheelbase 27.9 26 26
Width 28 or 31.9 27.5 27.5
Seat Height 14-36 22.8-32.7 28.3-40.6
Sternum Support Height 35-60 36-45 41-53.5
Wheel Size, Front 8x1.13 8x2 8x2
Wheel Size, Rear 8x1.13 16x2 16x2
Maximum Load 190 220 220
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Table 12.3.2:Gait Master™ verses the Meywalk medium model iraidiet

Attributes Gait Master™
Height Reducing Feature Yes
Front Swivel Casters Yes
Swivel Lock Front Casters Optional
Swivel Lock Rear Casters Yes
Rear Swivel Casters Yes
Rear Wheel Brake Yes
Rear Wheel Drag Brakes No
Rear Wheel Swivel Lock Yes
No-Back Brakes, Rear No
User Controlled Brakes Yes
Outdoor Use Capable Yes
Vertical and Prone Positions Yes
Anti-Tipper Supports No
Hip Pads No
No Seat Option Yes
Leg Separation Plate Option Yes
Dynamic Weight Relief Yes
Spring Strength Choice Yes
One-Step Sit-to-Stand Yes
One-Step Stand-to-Sit Yes
Collapsible Yes
Upper Back Width Adjustment Yes
Stepless Width Adjustment Yes
Upper Back Depth Adjustment Yes
Stepless Depth Adjustment Yes
User Operated Back Pads Yes
Sternum Height Adjustment Yes
Stepless Height Adjustment Yes
Seat, Padded Unicycle Yes
Seat Height Adjustment Yes
Seat Slide Adjustment Yes
Seat Back Stop Pad Yes
User Controlled Seat Back Pad Yes
Seat Back Pad Height Adjustment Yes
In-Use Seat Height Adjustment Yes
Frame Color Choice Options Yes
Obstruction Free Front, For Gait Yes
Obstruction Free Rear, For Gait Yes
Bumper Wheels Yes
Can Be Used By Children Yes
A Children’s Model Available Early 2006
“Grows” With the User Yes
1 Year Parts and Labor Warranty Yes
138

Meywalk 2000 Med.
Yes
Yes
Yes
na
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Optional
Optional
Yes
Yes
Yes
Yes
Yes
Yes
No
No
na
No
na
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
No
Yes
Yes
No
Yes
Yes
Yes
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CHAPTER 13: PATENT SUBMISSION

13.1 Humanoids

Upon the request of Larry Mulholland, assistanes wrovided to Mulholland
Positioning Systems regarding the submission aftar for the Gait Master™. The
focus of the patent assistance was to help andeupsitent attorney in acquiring the
needed images and explanations of the unit's opgraystems. Almost all of the
images produced for the patent attorney were leged as the actual patent drawings
submitted to the United States Patent Office.

In order for an individual to understand how a lamnfigure interacted with
the Gait Master™, several “humanoid” type figuresrevcreated in I-DEAS and
SolidWorks design programs. These gender-neutirakim figures were digitally
placed within a computer model of the Gait Mastan™ position that made it look
like the humanoid was using the device. The fitshanoid was designed using I-
DEAS program. Basic layout dimensions of the huondifigure were: 72-inch
stature, 60-inch to top of shoulder, 40-inch tddoipe, and 22-inch patella height.
All dimensions were measured from the floor as showFigure 13.1.1. Also,
shown to the left in Figure 13.1.1 is an early w@rof the humanoid figure. This
first design attempt of the humanoid form was rgédue to its unnatural body
shape. Anthropometric dimensions were roughly rfeatlafter measurements taken
from the author of this thesis. However, the higddth was increased to represent
wider hip dimensions of women (MacLeod, 95). Saleiews of the humanoid
body are shown in Figure 13.1.2 as it appeareauily gersions of the Gait Master™.
As clearly shown in these figures, the humanoidritaarms. Arms were
intentionally left out in order to more clearly shdiow the Gait Master's™ frame fits

around a human form.
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Figure 13.1.1:Humanoid height characteristics

Figu?e) 13.1.2:Humanoid figure lrjrzodel in an earlyc\aersion of theatie setup,
a) side view, b) front view, c) angled view
Another version of the humanoid was created te ¢fne appearance of

someone walking while using the Gait Master™. Wadking humanoid was created
to submit with the patent drawings to show how &kimg figure uses the device.
Examples of walking humanoid images sent as pattepatent submission are
shown in Figure 13.1.3. To make the humanoid apjoelae walking, the hip, knee,
and ankle joints were modified to give the appeegahat the right leg was just about

at the heal strike position, and the left leg west pbout to toe-off.
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a) b) c)
Figure 13.1.3:Walking humanoid figure in early version of tharfre setup,
a) side view, b) front view, c) angled view

13.2 Descriptions

The attorney working on the patent approval fer @ait Master™ needed to
have a very detailed understanding of the deviagder to properly describe its
features and operations to the patent office. dromicate issues, the patent attorney
was not able to see a physical model or demonstiabf the Gait Master™ while the
patent paperwork was being complied, because titeMaater™ only resided on
drawings and in computer programs. Thereforep#ient attorney obtained all of
the required information through phone calls, faxa&dmailed still images and
descriptions of the device. In order to assistierney, this author provided
detailed images of the inner workings of the Gagsiér™ and provided verbal and
written descriptions of parts and features. Exasplf drawings submitted to the
patent attorney are shown in Figure 13.2.4. Imagése Gait Master™ from
different views and configurations, with and with@humanoid figure, were sent to
the patent attorney for submission to the patefiteof Appendix M has a complete
set of all 23 drawings submitted to the patentragtp. Currently, Larry Mulholland
is still in the approval phase of obtaining a patenthe Gait Master™, which is
listed under the name “Assistive Walking Deviceantheparentnumber
11/119,202, first applied for on April 29, 2002arky Mulholland is the only inventor
listed on the patent application. The above infation was retrieved off of the
Utility Patent Application Transmittal form, datddly 20, 2005, and was provided to
this author by Larry Mulholland.
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b) c)
Figure 13.2.4:Sample of drawings submitted to patent attorney,
a) overall frame with collapsed legs, b) descrpixploded view of
suspension system, c) gas spring release mechanism
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CHAPTER 14: CONCLUSIONS

14.1 Acceptance

Based on initial reactions from physical therapipbtential users, and
distributors, the Gait Master™, manufactured by hliand Positioning Systems,
looks to have a very bright future. There is mmgka product available on the market
today that competes with all the available optiand versatile features of a Gait
Master™. lIts sleek appearance, adjustability featwcollapsible design, and
independent user operation potential makes it @aldd gait-training tool.

The Gait Master™ works. | have personally obsgweople who are
normally restricted to wheelchairs for most of tiag/, get in a Gait Master™ and
begin walking within a matter of minuets. All o Master's™ separate
component systems have been successfully brougéthier to function in perfect
harmony. Even though the Gait Master's™ designazamommodate a wide range of
people, it is still very user friendly, and canigalse adjusted to fit users. People
who use Gait Masters™ for gait-training therapy patentially benefit by reducing
the frequency of expensive hospital stays, cogibrations, and extensive recovery
time. Also, design features make it easy to celafor storage and/or transportation.
The Gait Master™ is an excellent investment ingh lguality, versatile and effective

devise for gait-training needs.
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