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ABSTRACT 

 

 Genetics, diseases, or injury can significantly alter a person’s gait-patterns.  In 

some cases, a person’s physical ability to stand and walk on their own are impacted to 

the extent they need assistance.  Assisted walking devices play an important role in 

helping to improve gait-patterns and leg strength.  These devices reduce loads applied 

to the legs during gait maneuvers and help a person improve leg coordination and 

muscle strength.  Individuals who spend a lot of time in wheelchair or bed type 

positions may find that assisted walking equipment can often contribute towards the 

improvement of other associated health conditions such as poor circulation and 

decubitus ulcers. 
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 There are several variations of assisted walking devices (also known as gait-

trainers) on the market today.  They can be large, bulky, visually unappealing, have 

few adjustments, and require assistance from a therapist or caregiver to position a 

patient into or take them out of a device.  The more user friendly and convenient a 

walker is to use, the greater the opportunity there is for the person using it to stay 

focused on improving gait-skills and interacting with their environment. 

 Presented in detail, within this thesis, is the final design of a new, supported 

dynamic walker known as the Gait Master™ produced by Mulholland Positioning 

Systems, Incorporated.  The new design is visually appealing to the eye, incorporates 

important safety features, and is easily adjustable.  The Gait Master™ was designed 

so that it can be entered, operated, and exited by just the user with no outside 

assistance (once proper training and approval is given by physical therapist or 

doctor).  The unit is designed to fit users anywhere from the early teens to adulthood.  

It is extremely adjustable in order to “grow” with the user over years of use.  When 

not in use, the device can be folded and/ or quickly disassembled for storage or 

transportation.  Promoting the awareness of how semi-supportive dynamic gait-

trainers are beneficial to patients is important in order for health insurance institutions 

to understand why these devises are critical to the development of a patient’s gait-

patterns, environmental interactions, and personal well being.   
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CHAPTER 1: INTRODUCTION 
 
 
1.1 Introduction 

 Genetics, diseases, or injury can significantly alter a person’s gait-patterns.  In 

some cases, a person’s physical ability to stand and walk on their own are impacted to 

the extent they need assistance.  Assisted walking devices play an important role in 

helping to improve gait-patterns and leg strength.  These devices reduce loads applied 

to the legs during gait maneuvers and help a person improve leg coordination and 

muscle strength.  Individuals who spend a lot of time in wheelchair or bed type 

positions may find that assisted walking equipment can often contribute towards the 

improvement of other associated health conditions such as poor circulation and 

decubitus ulcers. 

 There are several variations of assisted walking devices (also known as gait-

trainers) on the market today.  They can be large, bulky, visually unappealing, have 

few adjustments, and require assistance from a therapist or caregiver to position a 

patient into or take them out of a device.  The more user friendly and convenient a 

walker is to use, the greater the opportunity there is for the person using it to stay 

focused on improving gait-skills and interacting with their environment. 

 Presented in detail, within this thesis, is the final design of a new, supported 

dynamic walker known as the Gait Master™ (Figure 1.1.1) now produced by 

Mulholland Positioning Systems, Incorporated (Mulholland Positioning Systems).  

The new design is visually appealing to the eye, incorporates important safety 

features, and is easily adjustable.  The Gait Master™ was designed so that it can be 

entered, operated, and exited by just the user with no outside assistance (once proper 

training and approval is given by physical therapist or doctor).  The unit is designed 

to fit users anywhere from the early teens to adulthood.  It is extremely adjustable in 

order to “grow” with the user over years of use.  When not in use, the device can be 

folded and/ or quickly disassembled for storage or transportation.  Promoting the 

awareness of how semi-supportive dynamic gait-trainers are beneficial to patients is 

important in order for health insurance institutions to understand why these devises 

are critical to the development of a patient’s gait-patterns, 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 unsurpassed by the comparable market, 

many attributes needed to be incorporated into the Gait Master’s™ operating 

characteristics.  There were many items that ranked very 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 surrounding environment 
·  Be lightweight and easily adjustable 
·  Allow the unit to be able to “grow” with the user for years of use  
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 Other important features included: outdoor terrain capability, locking caster 

wheels about the vertical and horizontal axes, rear entry into the unit, collapsible 

frame, narrow base for door passageways, and bumper wheels to prevent wall 

scuffing.  Another important feature is the device had to be manually operated and 

not use any electric motors to help lift or move the user in any way.  In other words, 

the unit had to be completely human-powered.  Also, the device must offer quick and 

easy adjustments to allow different sized users to operate the device, and users had to 

feel safe and secure in the device.  To help promote user exploration and better 

interaction with the surrounding environment, the ultimate 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 want to use the Gait Master™ as 

one element of their therapy program.  The main target population of the Gait 

Master™ includes individuals who want to have the freedom to use a gait-training 

type device in an out-of-clinic and unassisted setting.  However, this does not limit 

Gait Master™ users to only non-assisted therapy environments.   

In order to be a self-dependant user of the Gait Master™, the user must be 

able to assist themselves out of a sitting position and into the lowered seat of the Gait 

Master™, and have an adequate amount of trunk and arm control to secure 

themselves into the device.  A professional (such as a doctor or physical therapist) 

must first observe the unassisted body control aptitude of an individual before they 

would be allowed to operate the unit in an independent setting.  Again, this does not 

limit the use of the Gait Master™ from being used by someone who needs assistance 

getting in and out of the unit.  All Gait Master™ users must first use the device with 

the assistance of a therapist until it is determined by a professional that the individual 

can safely operate the unit independently.   

 The Gait Master™ is designed to help the user improve gait-pattern, promote 

muscle endurance/strength, and make exploration and interaction with the 

surrounding environment much more accessible.  People who might find value in 

using this device typically have conditions that include, but are not limited to: 

traumatic brain injuries, ataxia (failure of muscular coordination or irregularity of 

muscular action), incomplete spinal cord injuries, adult and adolescent cerebral palsy, 

near drowning where brain damage occurred, orthopedic dysfunctions, joint 

replacements, sports injuries, and rehabilitation.  If someone needs help to improve 

gait-pattern and/or needs supported assistance to walk, the Gait Master™ is an 

excellent tool to help achieve these goals. 

 

2.2 Benefits Of Gait-Training 

 Partial weight bearing gait-training therapy is an important aspect of a lower 

limb rehabilitation or development program.  Gait-training therapy is applied over a 
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period of time as the patient applies more and more of their body weight to their legs.  

Usually, the main goal of a rehabilitation therapy program is to improve lower leg 

ability to that of near-normal function, and to do so in a manner that allows the user to 

be mobile.  In the cases where a patient has a disability (usually caused by genetics or 

damage to the brain), the gait-training program helps the individual (usually a child) 

to learn or relearn how to properly control and use their legs for standing and 

walking.  Typically, a patient needs a prescription from a physician to make sure they 

are an appropriate candidate for gait-training therapy.   

Regaining the ability to walk through a weight relief gait-training program 

allows a therapist to assist a patient by (Sister):  

·  Decreasing the weight load to the legs 
·  Presenting an environment where falling is less likely 
·  Supporting an upright posture in an optimal manner 
·  Increasing the ability to make corrections concerning improper 

walking patterns at an early stage 
·  Allowing the gait-training process to begin much earlier in the 

rehabilitation process 
·  Being able to start the gait-training process for individuals with 

reduced physical ability 
 

A study conducted on passive standing therapy demonstrated that this activity 

could prevent, reverse, or improve many adverse effects of prolonged immobility.  

Some benefits of passive standing include: prevention or reversal of osteoporosis 

(reduction of bone mass) and resultant hypercalciuria (large amounts of calcium in 

the urine), prevention of contractures (a condition of fixed high resistance to passive 

stretch of a muscle) and improvement in joint range of motion, reduction of spasticity 

(a spastic form of cerebral palsy), improvement in renal (kidney) function, drainage 

of the urinary tract, and reduction in urinary calculi (abnormal concentration of 

mineral salts), prevention of pressure ulcers, improvement in circulation as it relates 

to orthostatic hypotension (the occurrence of low blood pressure when rising form a 

chair or bed), other benefits of good circulation, and improvement of bowel function 

(Altimate, 40). 

Even though the main focus of weight relief gait-training therapy is to allow 

proper walking patterns to develop and to reinforce those patterns, there are many 

other important benefits of gait-training therapy.  Of most importance is the decreased 
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stress on body functions when decreased loads are applied to the legs.  Studies have 

shown that individuals using weight relief gait-training systems had lower 

systolic/diastolic blood pressure and heart rate scores verses non-weight relief gait-

training individuals over a range of gait speeds of cerebral palsy patients (McNevin, 

526-7).  This same study stated that individuals using weight relief gait therapy 

showed less perceived exertion, and were able to walk at a faster overall gait-speed.  

The outcome of the study showed the amount of expended energy used to walk was 

less when a weight relief system was used.   

Using a gait-trainer that gives the user proper truncal support (to help prevent 

collapse of the upper body) allows for better walking pattern opportunities to develop.  

Correct truncal support is also important for suitable social interaction while either 

walking or being stationary (Stallard, 126).   

Weight bearing is an essential part of building proper skeletal structure, 

especially in the lower legs and hips.  This is particularly true for young children (0 to 

4 years) who have extremely limited lower leg function.  A study was preformed on 

200 children, 100 who did not bear weight on their legs before the age of 4, and 

another 100 who had done so.  The study concluded that 25% of children in the non-

weight bearing group had coxa valga (a deformity of the hip in which the angle made 

by the femoral neck and the femoral shaft is increased), compared to only 3-4% in the 

weight-bearing group.  It was further concluded that the extra occurrence of coxa 

valga was due to late weight bearing along with spasticity and contracture (Phelps, 

440-8).  An additional study showed that with weight relief gait-training there was an 

increase in the femoral neck bone mineral content (BMC) and also the volumetric 

bone mineral density (vBMD) in spastic cerebral palsy in children around nine years 

of age.  Insufficient bone mineral density is a major cause of hip fractures.  For every 

1% decrease of volumetric bone mineral density, there is a 3-fold increase in hip 

fractures.  This study showed that after eight months of activity, the volumetric bone 

density increased by approximately 28% (Chad, 116-7).   

 

2.3. Insurance Coverage 

 With non-electronic weight relieving gait-trainers costing easily in the two to 

four thousand dollar range, most patients require some type of medical insurance to 

be able to purchase this type of device.  Surprisingly, this coverage is sometimes hard 



M. E. Steele 2005 7 

to come by.  Medical equipment, like the Gait Master™, must have a Healthcare 

Common Procedure Coding System (HCPCS) code issued by the Statistical Analysis 

Durable Medical Equipment Regional Carrier (SADMERC) in order for insurance 

companies to cover some or all of the product’s cost.  SADMERC is a national 

insurance company that contracts with the Centers for Medicare and Medicaid 

Services (GM Associates).   

 SADMERC is a liaison between medical suppliers, 
manufactures, and the Center for Medicare and Medicaid Services to 
determine which Level II HCPCS codes work best for Medicare-
reimbursed durable medical equipment, drugs, orthotics, prosthetics, 
and medical supplies. (Plametto GBA) 
 

 The manufacturer of a medical product must submit to SADMERC a 

SADMERC Coding Verification Review, which includes detailed information about 

the product, in order to apply for coding approval (GM Associates).  This information 

includes brochures, instruction manuals, and an explanation as to why the product is 

useful and beneficial to users.  Additionally, in the case of the Gait Master™, a fully 

functioning model of the unit must be made available to SADMERC.  When all of 

this is complete, SADMERC decides what percent of the product’s total cost the 

government is willing to pay, and this amount is referenced by the code assigned to 

the product (GM Associates).  Many private insurance companies also use the 

HCPCS code to determine the amount of coverage an individual will receive (GM 

Associates).   

 Therefore, it is very important to have a HCPCS code assigned to the Gait 

Master™ that gives a large percentage of reimbursement to the customer.  This way, 

the cost of the Gait Master™ paid by the user, therapy center, institution, etc. is not a 

major factor in the decision to buy one.  However, obtaining a higher reimbursement 

rate HCPCS code is not always an easy task.  The SADMERC group may say that the 

Gait Master™ is not all that beneficial, or that there are other “walking aid” products 

that cost a lot less.  They may use the argument that a normal “walker” (Figure 2.3.1-

a), roughly $100 to $400, is just as good as the $3,500 Gait Master™ (Figure 2.3.1-

b), and not want to pay for the more expensive product.  Additionally, it may be 

considered a “luxury item”, and not covered for that reason.  Obvious visual 

differences between Figures 2.3.1 and 1.1.1, suggest they 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 Invacare 

 
 Additionally, some people believe that the government’s medical systems are 

spending money and focusing efforts on the treatment end of a problem verses the 

prevention of a problem.  It is a valid argument to support investing a few thousand 

dollars on the Gait Master™ as a device that could help prevent tens of thousands of 

dollars in hospital stays, surgeries, and recovery costs.  Therefore, the word must get 

out as to why the Gait Master™ is such a beneficial product. 
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CHAPTER 3: INITIAL DESIGN 
 
 
3.1 Initial Idea 

 I was asked by Larry Mulholland to help design and develop a new product 

line for his company.  Larry is the president of Mulholland Positioning Systems, 

located in Santa Paula, California.  In order to fully understand the scope of the 

project, plans were arranged to visit his business and discuss the goals and initial 

steps of the project.   

The design would use four legs with swivel casters attached.  Legs would be 

connected to two sets of telescoping vertical tubes, with one set on the left and one on 

the right side of the unit.  Caster legs would rotate to reduce space for storage and 

transportation.  Within each set of telescoping vertical tubes would be a gas spring, 

coil spring, and a height adjustment device.  A “U” shaped tube would run parallel to 

the ground and connect to the two vertical side tubes.  When a user is in the device, 

the apex of the “U” tube would be in front of the person, near waist level, and the “U” 

would wrap around the left and right sides of the user.  Connected to the apex of the 

“U” tube would be a center vertical square column with cavities running along its 

length to accept mounting hardware.  Attached to the center vertical column would be 

a seat, as well as thoracic, upper back, and sternum supports.   

 

3.2 Coordinate Orientation 

 An x-y-z coordinate system is used in this thesis to help better understand and 

describe the functions, parts, and setup of the Gait Master™.  The floor/surface on 

which the Gate Master™ user walks is the x-y plane.  The positive x-direction is in 

the direction that the user’s right arm points when held horizontal to the floor along 

the body’s frontal plane.  When the user looks straight forward, they look in the 

positive y-direction, and the positive z-direction runs upward from the floor surface.  

Refer to Figure 3.2.1 for coordinate orientation about the 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 3.3.1) is to provide dynamic 

weight relief as the user moves through their gait pattern.  When a human initially 

takes a step, the vertical location of their hip shifts down (-z-direction) and then up 

(+z-direction) (Figure 3.3.2).  Therefore, the seat of the Gait Master™ must be able to 

move freely up and down with the user’s hip during each stride.   

 The use of compression springs allows the frame, where the seat is attached, 

to move up and down with the hips.  Compression springs provide an upward force to 

the pelvic area throughout the entire gait maneuver.  The lower frame (consisting of 

the caster legs, vertical stabilizers, and horizontal stabilizers) was designed to be 

vertically fixed to the floor (x-y plane), and the upper frame (consisting of the vertical 

sliders, “U” tube, center vertical column, seat frame, thoracic support, and sternum 

support) was allowed to move in the up and down (z-direction) by compressing and 

expanding the compression springs located between the upper and lower frame 

members (Figure 3.3.3).  Initially, while in the standing position, the user feels 

upward pressure from the seat due to the springs being already partially compressed 

in order to reduce the amount of the user’s own weight being applied to their legs.  As 

the user takes a step, the seat (along with the rest of the upper frame) moves toward 

the floor and further compresses the springs.  Half way through a step the pelvic area 

moves away from the floor, and the seat automatically moves up at the same time.  As 

x 

y 

z 
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a result, the compression springs provide continuous weight 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 (Pacific 1) 

 

 
Figure 3.3.3: Location of coil springs 

 

3.4 Locking Gas Springs 

 Along with the compression springs, a pair of locking gas springs was used.  

These springs were designed in such a way they would assist the user of the Gait 

Master™ with getting into an upright standing position.  Non-locking gas springs are 

commonly found on residential screen doors to keep doors from slamming shut.  A 

locking gas spring has the same overall appearance, but incorporates several major 

differences.  The cylinder of a locking gas spring is pressurized, so the spring’s rod 

will always tend to be pushed out of the cylinder.  There is also a release button on 
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the exposed end of the rod.  When the button is depressed, it allows the rod to be 

“released” from a fixed stroke length position.  Also, the rod can only move while the 

button is depressed.  Therefore, in order to shorten the amount of stroke (Figure 

3.4.1); 1) the button must be depressed, 2) a force must be applied along the axis of 

the rod that is greater than and opposite to the force trying to push the rod out of the 

pressurized cylinder, 3) permit the rod to slide towards the cylinder, and 4) release of 

the button when the desired stroke length is met. 

a)  

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

 

 To increase the amount of stroke, the same steps are followed with the 

following exceptions.  The external force being applied to the rod has to be less than 

and opposite to the force trying to push the rod out.  Or, the external force on the rod 

has to be along the same direction of the force trying to push the rod out of the 

cylinder.  Easylift of North America, Inc. supplied the lockable gas springs used in 

the Gait Master™.  Within limitations, gas springs can be ordered with specific 

cylinder pressures, stroke lengths, cylinder/rod diameters, and mounting fittings. 

 Gas springs were used to increase and decrease the height of the upper frame 

by approximately 4.13 inches as measured in the z-direction (Figure 3.4.2).  A person 

entering the Gait Master™ (from the rear) must be able to maneuver their pelvis up 

and over the unit’s seat.  One gas spring was used on the left side of the unit, and 

another on the right side.  Both gas springs are simultaneously actuated via a user-

controlled gas spring release lever.  These springs allow the seat to be in a lowered 

position when a user maneuvers themselves into the unit.  Once the user is secured 

into the Gait Master™, the gas springs are actuated.  Then, as the user applies 

pressure to the floor by using their legs, the main frame (along with the seat) raises to 

the user’s standing position.  The gas spring actuator is released when the desired seat 

level is obtained.   
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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-direction by the two gas springs is 

less than the user’s body weight.  Gas springs were designed this way so the user can 

overpower the upward force of the springs to lower the height of the seat and upper 

frame.  Actuating the gas springs, while the user relaxes their leg muscles, lowers the 

seat.  The users own body weight compress the gas springs, thus lowering the seat 

making departure easier.  When the seat is lowered all the way, the gas spring 

actuator is released.   

 

3.5 Telescoping Tubes 

 Telescoping tubes were used to allow z-directional movement between the 

upper and lower frames.  This allowed displacement in only the z-direction.  The 

shape of the telescoping tubes was such that the tubes could not rotate about their 

shared long axis.  This helped to improve rigidity between the upper and lower frame 

members.  For example, two telescoping square tubes would meet this requirement 

quite well, whereas two round telescoping tubes would not. 

 The outermost telescoping tube was fixed to the lower frame with its long axis 

running in the z-direction.  The inner telescoping tube was fixed to the upper frame 

with its axis centered about the outer tube’s axis.  One pair of telescoping tubes was 
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located on the left hand side of the unit, and another pair was located on the right 

hand side.  The overall setup and features of the Gait Master™ gave a mirrored 

appearance about the user’s sagittal (y-z) plane. 

 Within each telescoping tube arrangement is a locking gas spring and a coil 

compression spring.  One end of each gas spring is fixed to the outer telescoping tube, 

and the other end rests underneath the inner telescoping tube.  When the gas spring is 

activated, it tends to push the inner telescoping tube up (+z-direction).   

 

3.6 Caster Legs 

 Caster legs were attached to the outer telescoping tubes.  A joint between the 

caster leg and the outer telescoping tube enabled each of the caster legs to be angled 

in different positions.  This allowed the “footprint” of the caster legs to decrease 

when the unit is transported or put in storage.  The end of the caster leg (opposite to 

the joint) has a swivel caster attached to it.  The casters allow the Gait Master™ to 

roll along with the user during their gait movement.  Each caster leg has a slight 

outward angle away from the central y-z plane in an “H” type fashion.  Casters are 

mounted on the front right, front left, rear right, and rear left corners of the unit.  The 

Gait Master™ can be maneuvered in any direction because 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 rear wheels from rotating, the user 

can actuate the brakes.  Also, each rear caster brake can be independently engaged.  

The main use of the caster brakes is to lock the caster’s rotation while a user is getting 

into and out of the unit.  This feature is also helpful when the floor surface is sloped, 

and the user wants to take a rest while still in the Gait Master™.  Users can lock the 

back caster wheels in place, and not have to use their leg muscles to keep the unit in 

one spot on the floor.   

 Another important feature of the rear casters is that they can be locked about 

their vertical axis so the wheels can only roll along the floor, but not turn (similar to 

how the front wheels of a car turn when the steering wheel is rotated).  If a user needs 

to concentrate on their gait-pattern, verses directional control of the device, then the 

swivel of the rear wheels is locked.  This allows the unit to mainly transverse in the 

forward and backward (+/-x) direction.  The unit can still turn (like a shopping cart), 

but not transverse in any direction (like an office chair on casters).  If desired by the 

user, a caster swivel lock can be added on to the front casters to lock them in the same 

way as the rear casters.  This option is not a standard feature of the unit.   

 At the most outreached point of each caster leg is an anti-marring or bumper 

device.  Users of the Gait Master™ usually do not have very good directional and/or 

obstacle-avoidance abilities, and these bumpers help to protect walls and furniture 

from getting dings and scratches.   

 

3.7 “U” Tube 

 The “U” tube is a major element in the stability of the Gait Master™.  Its 

purpose is to provide a rigid fixture on which to mount the left and right inner 

telescoping tubes.  As the name implies, the “U” tube is bent in the shape of a “U”.  

The sweep of the “U” tube lies parallel to the x-y plane and the apex of the “U” tube 

points in the positive y-direction (Figure 3.7.1).  The height of the “U” tube is 

approximately waist level to the user.  The distance between the tubes of the “U” is 

sufficient to allow the user to be surrounded by the bar on three sides.   
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Figure 3.7.1: The “U” tube 

 

 Located at the apex of the “U” tube is the mounting location of the center 

vertical column, or “two-track” as explained in the following section.  Also, attached 

to this central column are the seat frame, thoracic support, and sternum support.  

Additionally, located at the apex of the “U” tube is the gas spring release lever for the 

lockable gas springs.  This central location allows for either left or right-handed use 

of the lever.   

 Another important feature of the unit’s height adjustability is located on the 

“U” tube directly along the vertical axis of the inner telescoping tubes.  Directly 

above each of the telescoping tubes is a crank handle.  When these handles are turned, 

it allows for “fine height adjustment” of the upper frame relative to the floor surface.  

When making adjustments, the left and right crank levers must be turned the same 

number of rotations to ensure proper function of the left and right side compression 

and gas spring setups.   

 

3.8 Two-Track 

 Another major obstacle to overcome was the design of a custom track 

mounting system.  The purpose of the two-track (sometimes referenced as the center 

vertical column) is to have a slot feature that accepts the mounting of a nut and bolt at 

any position along the length of the slot.  The extrusion takes the basic form of a 

square that slides inside a square tube.  A “T” shaped cavities runs the length of the 
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extrusion.  The letter “T” has a “|” (vertical) and “—” (horizontal) part.  The vertical 

cavity is just wide enough to accept the diameter of a bolt.  The horizontal cavity is 

just wide enough to accept the width of the bolt’s nut, but not allow the nut to rotate 

in the horizontal cavity.  The “T” shape is centered about opposing faces of the 

extrusion’s square shape.  Component parts connected via bolts are fixed to the 

extrusion by inserting the bolt’s shaft into the vertical cavity, and then threading the 

bolt into a nut located in the horizontal cavity.  The nut cannot escape through the 

vertical slot during tightening due to the width restriction of the vertical slot.  This 

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

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

 

3.9 Body Alignment 

 Proper and comfortable alignment of the mid and upper body is important for 

gait-training purposes.  Not only does correct alignment allow for the development of 

the most beneficial gait-training patterns, but it also permits the user to feel secure 

and comfortable while using the Gait Master™.  Allowance for a wide range of 

adjustments between support features was an important design feature.  This was 

accomplished by using the two-track system (discussed in the previous section) along 

with additional telescoping support techniques.  Each of the padded supports used for 

middle and upper body alignment can be independently adjusted.  They can also be 

grouped as parts of sub-systems and be adjusted as one group.  Independently, each 
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support feature can be adjusted as follows: the seat from front to back (+/-z-

direction), up and down (+/- y-direction), and horizontal rotation about an x-axis; the 

rear seat pad from front to back, up and down, and vertical rotation (about a z-axis); 

the thoracic support from front to back, up and down, left to right (+/- y-direction), 

and horizontal rotation about an x-axis; and the sternum support from front to back, 

up and down.  The sternum support, thoracic support, and seat frame (which includes 

the seat and rear seat pad) are attached to the two-track column, and this column can 

be moved up and down in relation to the upper frame’s “U” tube.  
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CHAPTER 4: DESIGN OF COMPONENTS 
 
 
4.1 Design Programs 

 Computer programs were used to help design individual components, make 

assemblies of components, and test the interactions between component parts.  I-

DEAS, Unigraphics by UGS, and Solidworks by Solidworks Corporation were the 

programs used in the design process.   

 The I-DEAS software was used for the initial three-dimensional design 

program, and it allowed the user to create one, two, and three-dimensional objects.  

After individual parts were made, assemblies were created of multiple parts.  These 

assemblies helped to visualize how two or more parts fit and interacted with one 

another.  If an adjustment needed to be made to one or more of the parts, the program 

provided an easy way to make modifications.  Being able to zoom, pan, and rotate a 

part or an assembly of parts on a computer screen is a very useful tool to help trouble 

shoot a design before any physical parts are created.   

 The Solidworks program is very similar to the I-DEAS program.  For this 

setup, the I-DEAS program was run off of a SUN system, and Solidworks was run off 

of a Windows platform.  The switch from I-DEAS to Solidworks was made because 

Mulholland Positioning Systems was converting their older AutoCAD design 

software over to the Solidworks program.  Solidworks is easier and more user 

friendly to use as compared to I-DEAS and AutoCAD.   

 Unigraphics was another design program used in the initial stages of the 

project.  The main use of Unigraphics was its ability to compute finite element 

analysis (FEA) on parts designed using the I-DEAS software.  FEA looks into what 

happens to objects when they are stressed through a particular loading process.  By 

analyzing FEA results, a part’s shape or material were modified to reduce unwanted 

stress built up in the part during a loading process.   

I-DEAS has an FEA package, but during the design process this author was 

not fluent with the I-DEAS FEA program.  Instead, this author was more familiar 

with the Unigraphics FEA package and used it for studying parts under loading 

conditions.  Unigraphics is a three-dimensional design program like I-DEAS and 
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Solidworks.  The design aspects of Unigraphics were only employed to make copies 

of parts already created with I-DEAS so FEA analyses could be preformed on parts. 

 Solidworks has a limited FEA internal program called COSMOXpress that 

comes with the design program.  This program can only be used to get a rough idea of 

the effects forces have on parts, were as Unigraphics offers a much more thorough 

analysis program.   

 

4.2 Main Framing Setup 

 The style and overall appearance of the basic support frame did not change 

very much over the course of the design process.  Obviously, the design of the overall 

frame was influenced by the design of each sub-component that made up the frame.  

The “H” shape pattern to the caster legs (as viewed from above) stayed consistent 

throughout the entire design process.  However, where caster legs were located and 

how they collapsed did change, from collapsing about the x-axis (Figure 4.2.1) to 

collapsing about the z-axis (Figure 4.2.2).  The two vertical columns that house the 

gas and coil springs stayed in the same relative position, which were to the immediate 

left and right of the user’s legs.  The “U” tube that connected the left and right upper 

frame only changed in its length and width.  However, the joints between the “U” 

tube, side vertical columns, and central vertical column changed from a clamping 

block style (Figure 4.2.3-a) to a welded style (Figure 4.2.3-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 view, b) side view 

 

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

 

4.3 Side Tubes 

 The side tubes of the Gait Master™ enclose the locking gas springs, coil 

springs, and height adjustment components.  Attached to the outside of the side tubes 

are the caster leg joints.  The main function of the slide tubes is to allow vertical 

movement between the upper and lower frames.  Two chief design considerations of 

the side tubes included how to insure overall rigidity of the frame, and how to 

configure all the needed components inside the tubes.   

 The problem of solving the overall rigidity of the frame was resolved first, 

because the configuration of the tubes themselves determined how components were 

going to be able to fit inside.  Side tubes were made from steel and/or stainless steel, 

and this allowed for parts to be welded to these tubes.  The use of some type of 

telescoping tubing was necessary in order for vertical movement of the upper frame, 

while the lower frame stayed vertically fixed to the ground’s surface.  Two identical 
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sets of telescoping tubing were used.  One set on the user’s left side, and one set on 

the user’s right side.  The key to keeping the frame rigid was to not allow local 

rotation between the telescoping tubes.  If rotation occurred, the device would not be 

safe for someone to operate because the caster legs would not stay in place.  

Additionally, if there was too much clearance between the walls of the telescoping 

tubing, the unit would feel “sloppy” to the user.  Therefore, a series of tubes were 

designed to allow telescoping action with no rotation, and wall clearances were 

designed in a suitable range to reduce slop.   

 Besides commonly found square and round telescoping tubing, other designs 

were considered.  These designs would have had to be custom made, and included an 

oval with two flats, an oval with four flats, a pear type shape, and round with groves 

that accepted nylon guides (Figure 4.3.1).  Because custom tubing is very expensive, 

the use of common round tubing was given first consideration.   

a)  b)  

c)  d)  
Figure 4.3.1: Telescoping tubing cross section designs, a) oval with two flats,  

b) oval with four flats, c) pear shape, d) round with groves for nylon insert 
 

In order to prevent round tubes from rotating against each other, a machined 

guide and keeper were designed that allowed vertical displacement between the two 

tubes, but did not allow rotation.  This system used a set of three telescoping tubes per 

side (Figure 4.3.2-a).  The outermost tube was connected to the caster leg, and could 

not move vertically.  This tube also had a 5 to 8-inch long slot milled lengthwise 

through one face.  The middle tube was connected to the upper frame, and was free to 

slide vertically at any time.  It also had a slot similar to the outer tube, but was smaller 

in width.  The innermost tube (about 2 to 3 inches long) had two threaded holes to 

accept socket head cap screws, which held a 1 to 2- inch long “T” shaped piece 
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(Figure 4.3.2-b).  This piece clamped the two innermost tubes together, and allowed 

for adjustment between the relative vertical locations of the two innermost tubes by 

using the slot feature of the middle tube.  The “T” shaped piece also prevented 

rotation between the outer and inner tubes, while allowing vertical movement 

between the outer and inner tubes by using the slot feature on the outer tube (Figure 

4.3.2-c). 

a)  

b)  c)  

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 because of difficulty machining and 

welding round tubes in a precise fashion.  The use of square telescoping tubing was 

much easier and faster to machine and weld.  When the design switched to using 

square tubing, the innermost of the three tubes described above was eliminated.  This 

occurred because the function of the innermost of the three tubes was to provide a 

stop plug for the coil spring inside the telescoping tubing.  Also, a different style of 

spring stop plug was designed (Section 4.5).  The other two square tubes serve the 

same functions as their counterpart round tubes described above.  The “T” shaped 

part’s function was also constant.  Because of the dimensions of common square 
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tubing, two “L” shaped shims were used to create the proper spacing between the 

outer and inner tubes.  These shims also helped to reduce slop between the tubes 

(Figure 4.3.3-b).   

a)  b)  
Figure 4.3.3: “T” slider and square tubes, a) vertical displacement,  

b) cross sectional view 
 

 The final design stayed consistent and used two square tubes separated by “L” 

shaped shims.  However, the use of the “T” shaped guide piece was eliminated in 

favor of the use of a vertical ACME screw to move the spring stop up and down.  The 

outermost tube was 1.5 inches square (with a 0.049-inch wall thickness), and made 

out of steel.  The innermost tube was 1.25 inches square (with 0.065-inch wall 

thickness), and was made out of stainless steel.  The outer tube was powder coated for 

appearance and corrosion protection, while the inner tube was electropolished to 

produce a nice sheen.  The “L” shaped shims were made from high-density 

polyethylene with a thickness of 0.0625 inches.  Their leg length was approximately 

0.625 inches with an overall length of 6 inches.  Two shims per side were used and 

located kitty-cornered from each other.  Also, they were fixed to the highest part of 
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the inner walls of the outer tube by use of glue.  The overall setup was similar to 

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

 

4.4 Gas & Coil Springs 

 The decision to use the combination of a lockable gas springs (Figure 4.4.1) 

along with a compression coil springs (Figure 4.4.2) was made at the very start of the 

project.  However, there were several ways in which the two springs could be 

configured inside the square tubes to achieve the desired motions.  Configuration of 

the two pairs of springs progressed along with the design of the slider tubes (Section 

4.3), and various spring designs are shown in Figure 4.4.3.  Design variations placed 

the gas and coil springs in series inside the telescoping tubes.  The main difficulty 

was to decide how to position and mount the springs to the tubes.  Some designs had 

the coil above the gas spring, and other designs had the coil spring below the gas 

spring (Figure 4.4.4).   

a)  

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

 

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

 

  
Figure 4.4.4: Placement variations of gas and coil springs 

 

Final design consideration concluded that it would be best to have the 

lockable gas spring located below the coil spring, and positioned with the extended 

rod end of the gas spring pointing towards the floor as illustrated in Figure 4.4.4.  The 

end of the rod of the gas spring was designed to be in a fixed position relative to the 

outside tube.  This allowed the release plunger for the lockable gas spring to be 

located at the “free” end (away from the gas spring’s larger cylinder) of the 
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protruding rod.  Also, a device was attached to this end of the rod to actuate the 

spring’s lock/unlock plunger.  Design complications incorporating telescoping tubes 

and gas spring setup were minimized by keeping the locking and unlocking 

mechanism of the spring at one fixed location.  Therefore, the “free” end of the gas 

spring was located at the very bottom and fixed to the outermost square tube (Figure 

4.4.5.).   

 
Figure 4.4.5: Lockable gas spring location and orientation 

 

 Careful design considerations were given to the lengths of the inner and outer 

telescoping square tubes.  The horizontal “U” tube was welded to the top of the inner 

tubes (Figure 4.4.6).  Care was taken to make sure that when the gas springs, coil 

springs, and fine height adjustment blocks were all in position to allow for the lowest 

height of the “U” tube, that the “U” tube would not come into contact with the top 

edge of the outer telescoping square tube.  Additionally, the length of the inner 

telescoping square tube (welded to the “U” tube) was made to just miss the gas 

spring’s lock/unlock mechanism when the “U” tube was completely lowered.  

Additionally, when the gas spring, coil spring, and fine tube height adjustment block 

were all at their maximum height, there were several inches of overlap between the 

outer and inner square tubes to make the unit stable and safe.   
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Figure 4.4.6: Weldment drawing of the “U” tube welded to the top of  

the inner square telescoping tubes 
 

 The final arrangement of the gas spring was located with the “free” end of the 

rod at the very end of the outer square tube closest to the floor.  Also, the gas spring 

was aligned in the center of the long axis of the square tubes, and was fixed to the 

outer square tube via a pin positioned through the square tube and also through the 

mechanism that actuated the lock/unlock plunger of the gas spring.  Verification was 

made to make sure that the diameter of the large cylinder of the gas spring would be 

able to fit inside the inner square tube.  The coil spring sits atop the gas spring on a 

domed shaped part to help keep the coil spring centered about the long axis of the 

square tubes (Figure 4.4.7).  The upper end of the coil spring nests inside a block that 

allows for fine-tuned height adjustments via an ACME screw (Figure 4.4.8).  The 

figures in 4.4.9 show views of the left side spring and 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 adjustment block 

 

a)  b)  
Figure 4.4.9: Final setup of the locking gas spring, coil spring, and fine-tune height adjustment, 

a) sectional view into the upper and lower frames, b) the spring height assembly alone 
 

4.5 Crank Knob 

 Initially, the function of the locking gas spring was to allow the user to adjust 

the seat and upper frame height to their preference.  The gas spring only had a range 

of about 4 inches.  However, the overall range of height adjustability had to be more 

than 4 inches in order to fit a larger variety of users.  Therefore, an incremental 

system was developed that used a moveable stop at the top end of the coil 

compression spring.  The spring stop is the connection point between the lower and 

upper frames.   

 As the gas spring extends, it pushes against the bottom end of the outer 

telescoping tube.  Consequently, the cylinder end of the gas spring moves up (+z-

direction).  Therefore, the coil spring moves up as well because it rests on top of the 
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gas spring cylinder, and the upper frame is connected to the other end of the coil 

spring.  Through this design, the upper frame undergoes dynamic suspension via the 

coil spring, and the overall height of the upper frame can be adjusted by the extension 

of the locking gas spring.   

 The range of the locking gas spring is only about four inches because of the 

space limitations inside the telescoping tubes.  A longer stroke of the gas spring is 

desirable, but unfortunately takes up more length inside the telescoping tubes.  The 

length of the outer tube is constrained by the height it was above the floor level, and 

how much room the upper frame has to move down.  Because of the short stroke of 

the gas spring, its main function was converted to raising/lowering the upper frame so 

the seat does not obstruct the user while they enter/exit the device.   

A design feature of the Gait Master™ was to make it easy to use by people 

with inseams anywhere from 20-36 inches.  To accomplish this, a pin and block 

system was developed.  A series of holes were drilled all the way through the inner 

tube, and a long slot was milled on the outer tube as shown in Figure 4.5.1-a.  A 

removable pin was inserted through one of the holes of the inner tube, through a 

block located inside the inner tube, and out the other side of the outer tube (Figure 

4.5.1-b).  The slot on the outer tube allowed room for the head of the pin to slide up 

and down as the gas and coil springs moved.  A series of holes on the inner tube 

allowed for height adjustment of the spring stops relative to the upper frame.  If it was 

desired to have the upper frame closer to the floor during gait-training, then a hole 

farther away from the gas spring was chosen to insert the retaining pin.  The opposite 

is also true.  The spring stop block stays at the same relative height above the floor, 

but changing which hole of the upper frame is aligned with the stop block changes the 

height of the upper frame relative to the floor.  Figure 4.5.2-a shows a detailed 

drawing of the construction between the “U” tube and inner telescoping tube, and 

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

 

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

 

 The pin and stop block system evolved into a shape that reconfigured the 

series of holes located on the inner telescoping tube to one with a slot with a series of 

spaced holes.  The width of the slot was about half of the diameter of the holes placed 

along the slot as shown in Figure 4.5.3.  This design allowed users to easily adjust the 

coil spring stop block.  Instead of having to pull the pin completely out of the 

telescoping tubes, a threaded adjustable ratchet lever was implemented (Figure 4.5.4).  

This kind of ratchet lever allowed for the handle of the lever to rotate with or without 

rotating the threaded shaft at the same time.  The ratchet lever was threaded into the 

stop block, and only one lever was used per set of telescoping tubes.  The slot in the 

inner tube was just wide enough for the threaded shaft to slide up and down.  To keep 

the stop block in place, the holes along the slot were fitted to accept the larger 

diameter head end of the ratchet lever.  To lock the spring stop in place, the ratchet 

lever was aligned with one of the holes along the slot, and tightened into the stop 

block inside the inner tube.  Therefore, the stop block could not move up or down 
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because the larger head of the ratchet lever was confined within one of the holes 

along the milled slot.  The left and right side ratchet levers were aligned with 

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

 
Figure 4.5.3: Inner telescoping tube slot with holes, ratchet lever not shown 

 

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

 

 Both of the above described systems were undesirable because the user had to 

manually lift the upper frame while at the same time align pins with holes.  A much 

simpler and user-friendly system was designed.  The spring stop block is still used.  

However, it now has a threaded hole centered about its long axis.  The overall length 

of the spring stop increased to 5.5 inches.  Instead of a pin to adjust the placement of 

the stop block relative to the inner telescoping tube, a 0.375-inch ACME screw is 

threaded into a vertical hole of the stop block.  One end of the ACME screw is fixed 

to a crank handle.  A short vertically aligned tube is welded to the upper frame, and 

acts as a keeper that just fits around the ACME rod.  The crank handle itself and a 

bushing are fixed to the ACME rod (by use of stainless steel roll pins), and prevent 

the threaded rod from escaping the keeper tube (Figure 4.5.5).  Several nylon and 

stainless steel washers are placed around the ACME rod on either side of the keeper 

to prevent binding.  When the crank handle is turned, it turns the threaded rod in or 

out of the spring stop block.  The stop block has an extruded square shape, and cannot 

rotate inside the inner telescoping tube.  It can only move up or down (+/-z-direction).  
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Therefore, when the crank lever is turned counterclockwise, as viewed looking down 

on the crank lever (-z-direction), it unthreads from the stop block (Figure 4.5.6).  This 

pushes the stop block in the –z direction, and pushes the upper frame in the +z 

direction without any adjustments made to the gas or coil 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) ACME screw turned all the 

way clockwise, b) ACME screw turned all the way counterclockwise  
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 The spring stop block is only threaded to a depth of about 1-inch on the end 

closest to the crank handle.  The rest of the length where the ACME screw travels 

through the stop block is drilled out to a larger diameter than the ACME screw’s 

diameter.  This is done because the threads at the end of the ACME screw farthest 

away from the crank handle are welded shut.  This weld prevents the ACME rod from 

unscrewing all the way out of the stop block, and the larger diameter hole in the stop 

block allows the screw to be threaded further into the block.  An assembled view of 

the crank handle, ACME rod, bushings, and stop block is shown in Figure 4.5.7.  In 

this figure, the ACME rod is threaded all the way into the stop block.  Note that the 

upper frame and vertical keeper tube are not included in this figure.  Also, this figure 

is an excerpt from the bill of material drawing for this assembly found in Appendix 

H, and shows floating numbers that reference to a parts list also shown in the figure. 

 
Figure 4.5.7: Final setup of the fine-tune height adjustment system 

 

 The crank style height adjustment system proved to be much easier for users 

to operate.  Users only had to turn a crank lever located above each set of telescoping 

tubes.  This system also allowed users to adjust height settings while positioned 

within the Gait Master™.  Other previous design methods did not allow height 

adjustment to be made while a user was in the unit.   

To prevent corrosion, the spring stop block, the large busing directly above 

the stop block, and the crank handle are all made out of aluminum, and anodized.  
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The round knob on the crank handle is made of plastic, and the shoulder screw 

holding it in place is stainless steel.  Additionally, the ACME threaded rod and roll 

pins are made of stainless steel.   

 

4.6 Caster Leg Joint 

 To assist in collapsing the Gait Master™ (in order to take up less room during 

transportation or storage), all four caster legs were designed to pivot inward to take 

up less space when not in use.  Two main techniques were developed to accomplish 

this.  The first way used a large cylindrical knob with pins that mated with holes 

attached to the caster leg near the swivel joint.  This system rotated the caster leg 

about the x-axis.  The second way used a collar fitting around the outside of the caster 

leg tube to swing the tube about the vertical z-axis.  This method used a spring loaded 

pin system to lock caster legs in place. 

 The first caster joint system described above included a hinged joint with a 

0.3125-inch bolt supported by the outer telescoping tube and two steel plates.  These 

steel plates were welded to the outer tube, and had holes drilled in them to accept the 

bolt and additional locking pins.  Figure 4.6.1 shows an exploded view of this setup.  

The caster leg (not shown in Figure 4.6.1) had an aluminum plug inserted 1.5 inches 

deep into the caster tube end where the joint was located.  This plug helped to keep 

the joint rigid and created a larger bearing surface on which the caster leg rotated.  A 

side view line drawing of the joint is shown in Figure 4.6.2 where only the rear caster 

leg is shown.  All four caster joints were configured in the same manner.  The other 

three holes shown at each end of the steel strip, perpendicular to the telescoping tube, 

were the mating holes for the locking pins.  This design eventually changed from 

using three holes around each bolt hole to using only two holes.    

 
Figure 4.6.1: Exploded view of initial caster joint 



M. E. Steele 2005 36 

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

 

 Encapsulating the end of the caster leg tube and plug is a milled stainless steel 

cylindrical cap known as the caster leg end cap.  This cap has a large hole milled 

perpendicular to its axis just large enough to accept the outside diameter of the caster 

leg tube.  A smaller hole is drilled through is axis and is just large enough for a 

0.3125-inch bolt to pass through it (Figure 4.6.3).  The cap is just long enough to 

smoothly slide in-between two steel strips, thus offering 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 locking knob.  A large cylinder 

knob was milled out of aluminum to help keep weight down.  The axis of the locking 

knob was drilled to accept the shaft of a 0.3125-inch bolt along with a spring and 

washer.  The spring and washer keep the locking knob compressed against the outer 

steel plate, as shown in the sectional view of Figure 4.6.4.  A locknut tightened to the 

protruding end of the bolt kept the bolt in place, and 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 help keep caster legs positioned 

at one of two specific angles, either at a collapsed or at an in-use position.  An 

overhead view of the unit, with caster legs in the in-use position, shows how an “H” 

shape pattern is formed when the clavicles of the user form the “-“ of the “H.”  When 

viewed looking at the user’s sagittal plane, caster legs form an inverted “V” shape.  

With this design, when the legs are placed in their collapsed position, the apex of the 

inverted “V” stays fixed relative to the outer square tubes, and the caster legs swing in 

to make a skinnier inverted “V.”  Figure 4.6.5 shows the in-use and collapsed position 

of the left rear caster leg.  Also shown in Figure 4.6.5 is a side view of a humanoid 

form for reference purpose only.  A user would not be positioned in the unit when the 

caster legs are in a collapsed position.  An angled view of the front and rear left side 

caster legs in the in-use position is shown in Figure 4.6.6 (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-use position 

 

 Locking knob pins protrude out of the knob towards the caster leg tube 

approximately 0.5 inches.  In order to rotate the caster leg from the in-use to the 

collapsed position, the locking knob must be pulled in the x-direction away from the 

joint.  This disengages the pins from the holes in the caster leg end cap and allows the 

leg to freely swivel about the bolt.  The leg is locked into the collapsed position by 

releasing the locking knob and rotating the caster leg approximately to the collapsed 

position.  A spring in the locking knob forces the pin into a new set of holes in the 

caster leg end cap to keep the caster leg from rotating any further.  Locking pins only 

retract just enough out of the caster leg end cap to allow the end cap to rotate, and not 

exit their holes in the steel plate.  A close up view of this setup is shown in Figure 

4.6.7.  As shown in the figure, the steel plate is welded off-center of the outer 

telescoping tube.  The extra room between the caster leg joint and the outer tube 

allowed room for the initial design of the height adjustment 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, a) assembled, b) exploded 

 

 For all intentional purposes, the above described caster joint system worked.  

However, it added a lot of bulk to the frame, and was less appealing to the eye.  

Additionally, a lot of material was wasted when milling the caster leg end cap out of a 

large diameter stainless steel rod.  Also, the large locking knob did not fit in with the 

sleek frame design.  Furthermore, with this setup, caster leg joints needed to be 

positioned up near the top of the outer telescoping tube, making the casters look like a 

big A-frame setup.  A more subdued approach was explored next.   

 A completely different design was created for the caster leg joint.  The most 

noticeable difference was that the final design rotated the caster legs about a vertical 

z-axis instead of a horizontal x-axis.  Also, instead of using large bulky knobs, small 

pins with spherical knobs locked caster legs in place.  Caster legs changed to that of 

an “L” shape.  Round steel tubing was used in this design, 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, b) angled view 

 

 Unlike the initial design, there is no bolt acting as the caster leg joint axis.  

Two telescoping round tubes are used to create the joint.  The vertical part of the 

caster leg’s “L” shape is made from a 1.25-inch diameter steel tube.  The caster leg 

tube has a collar welded to it, which acts as a bushing to keep the caster leg from 

sliding any farther up (+z-direction) into the swivel joint.  The diameter of the welded 

collar is 1.375 inches, and is 0.75 inches long.  The collar is made out of steel with a 

0.049-inch wall thickness.  Therefore, the collar’s inner diameter is 1.227 inches, and 

will just slide over the 1.25-inch outside diameter of the main caster leg with a gap of 

0.0135 inches equally spaced about the two tubes.  Figure 4.6.9 shows the caster leg 

and collar setup.   

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

 Another longer collar, made out of the same material as described above, is 

welded to the outer square tube of the lower frame (Figure 4.6.9).  The length of this 

tube is 2.5 inches and has one or two pin housings welded to it as well.  The purpose 
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of the longer tube is to keep the caster leg vertically aligned and to allow it to rotate 

about a vertical (z) axis.  Also, it keeps the vertical section of the caster leg in a fixed 

position relative to the outer square tube with the exception of z-axis rotation.  

Because of the 0.0135 inch equally spaced gap between the inner and outer round 

tubes, a 0.005-inch thick Teflon tape is wrapped around the outside of the caster leg 

tube in a location just above the welded collar on the leg.  The Teflon tape is shown 

in Figure 4.6.9-a, and is illustrated by the white horizontal bands on the caster’s leg.  

This tape reduces the amount of play between the caster leg and the 2.5-inch long 

tube.  Also, the Teflon coating on the tape promotes smooth rotation between the 

caster leg and the 2.5-inch long tube welded to the outer square tube.  An equally 

spaced gap of 0.0085 inches is kept between the caster leg and the 2.5-inch long tube. 

 To prevent the caster leg from dropping out of the joint when the lower frame 

is lifted off the ground, a 1.375-inch outside diameter collar is used.  However, this 

collar is not welded to the caster leg.  Instead, it has two holes in it to accept rivets.  

The caster leg also has holes that line up with the holes of this non-welded collar.  

The location of the non-welded collar is directly above the 2.5-inch long collar.  

Therefore, during assembly, the caster leg is inserted up into the bottom of the 2.5-

inch long collar until the welded collar of the leg butts up with the 2.5-inch long 

collar.  Then, the top collar is slid down over the top of the caster leg that protrudes 

above the 2.5-inch long collar.  Rivet holes are lined up, and two rivets secure the top 

collar to the caster leg.  The two smaller collars prevent any vertical movement of the 

caster leg along the 2.5-inch long collar.  This same setup is used for all four caster 

legs. 

 In order to keep the Gait Master’s™ caster legs in a fixed rotational position 

during use, locking pins are used.  Each rear caster leg has one locking pin, and the 

front caster legs have an option of one or two locking pins each.   

 It is desirable to have the caster legs positioned at a 10-degree outward angle 

from the user’s sagittal (yz-plane).  The outward stance of the caster legs provides 

vertical stability to the unit.  To keep the caster legs locked in the 10-degree outward 

angle, spring loaded pins are used.  Each pin is kept in place by a housing (Figure 

4.6.10, 1) welded to the 2.5-inch long collar that is welded to the outer square 

telescoping tube.  Inside each housing is a spring (Figure 4.6.10, 2) that continuously 

pushes a long stainless steel pin (Figure 4.6.10, 3) towards the caster leg tube.  As 
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shown in Figure 4.6.10, the spring and stainless steel pin are inserted into the housing 

through a hole in the opposite face of the collar from where the housing is welded.  

This hole extends through both faces of the 2.5-inch long collar.  Pins are inserted in 

this way because they are too long to feed into the open end of the collar and still 

have enough room to rotate to go inside the hollow pin housing.   

 
Figure 4.6.10: Caster leg locking pins, exploded assembly view 

 

 After the spring and pin have been inserted all the way into the housing, a 

portion of the pin protrudes out of the end of the housing.  A 0.125-inch roll pin 

(Figure 4.6.10, 4) is then inserted into a now exposed 0.125-inch hole that is drilled 

perpendicular to the axis of the pin.  This roll pin prevents the inserted spring from 

pushing the long pin completely back out of the housing.  Also, the end of the now 

exposed pin has a 1/4-20 threaded end to accept a round plastic knob (Figure 4.6.10, 

5).  The round knob is what the user pulls to adjust between the locked and unlocked 

positions of the spring-loaded pin.   

 The non-welded end of the pin housing has two slots.  One deep slot and one 

shallow slot are angled 90 degrees from each other about the pin housing’s long axis, 

as shown in Figure 4.6.11.  The width of each slot is just wide enough to allow the 

0.125-inch roll pin (Figure 4.6.10, 4) to slide into the slot.  The slots allow the spring-

loaded pin to be positioned at two different depths, 90-degrees apart.  The roll pin of 

the spring-loaded pin is always pushed in the direction toward the caster leg via the 

spring inside the pin housing.  When the roll pin is aligned with and in the shallow 

slot, the pin and knob are considered to be in the “unlocked” position.  When the roll 

pin is aligned with and in the deeper slot, the pin and knob are considered to be in the 

“locked” position.  Figure 4.6.12 depicts the pins in the locked and unlocked 

positions.  Note that the three parallel pin housings shown in Figure 4.6.12, only the 

1 
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outer two pin housings are used to lock caster legs in place.  The middle pin housing 

is used to lock the vertical movement between the upper and lower frames (Section 

4.12).  In Figure 4.6.12, the two outer spring-loaded pins (of the parallel grouping of 

three) are in the “locked” position, and the middle spring-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 1.25-inch caster leg tube, a hole 

is drilled into the 1.25-inch tube.  The size and location of a caster leg tube hole is 

extremely critical.  Each spring-loaded pin head is tapered at a 7-degree angle (Figure 

4.6.13).  The nose of the spring-loaded pin has a smaller diameter (0.320 inches) than 

the other end of the taper (0.374 inches).  The hole in the caster leg has a diameter of 

0.344 inches.  This way, when the roll pin is aligned with and in the deeper slot of the 

pin housing, the head of the spring-loaded pin slides into the hole in the caster leg.  

Note, the pin will only slide into the caster leg hole when the caster leg is rotated 

outward in such a way as to align the hole of the caster leg with the axis of the pin 

housing.  Additionally, because the diameter of the caster leg hole is in-between the 

minimum and maximum values of the tapered spring pin head, the pin slides into the 

caster leg hole until the tapered head wedges and makes contact with the hole.  This 

way, there is no “wiggle room” or rotation between the caster leg and the 2.5-inch 

fixed collar.  The depth of the deeper slot is more than what is needed for the tapered 

head to fully insert, make contact with, and lock with the 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 shallow, then the spring loaded pin is 

stopped by the roll pin as it hits the bottom of the pin housing’s slot before the 

tapered head made full contact with the caster leg hole.  This will produce “slop” 

between the tapered head and caster leg hole, allowing the caster leg to slightly rotate, 

or wiggle, even though the caster leg is in the “locked” position.  This is undesirable 

because the user tends to want a frame that is rigid, and not loose.   

 The ability to collapse all caster legs significantly reduces the space needed 

for transportation or storage.  The overall width does not change much (28 inches 

open to 25.75 inches collapsed) because the frame width is constant (Figure 4.6.14).  

Additionally, the overall height does not change at all when the caster legs are in the 

collapsed position.  However, the overall height can be decreased for transportation or 

storage by other means.  The most significant difference between the open and 

collapsed positions is the length of the unit.  The open arrangement has a rigid length 

of 33.7 inches, and collapsed length of only 22.25 inches (Figure 4.6.15 & 4.6.16).  

The term “rigid length” refers to the maximum distance between the front and rear 

bumper wheel.  Casters are not included in this measurement because they are 

allowed to swivel about their vertical (z-axis), and can be “tucked underneath” the 

caster leg tube.  When this is done, the front and rear 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) width collapsed 25.75” 

 

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 play a critical part in keeping caster 

legs locked and rigid during use.  The style of pin housing setup used for caster legs is 
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consistent for two other operations; locking the upper and lower frames together, and 

as a swivel lock for the rear casters.  Details for locking upper and lower frames 

together are discussed in Section 4.12.  The focus of this section is on improved 

design of the pin housing itself.  All other functions besides the housing remain the 

same, with the exception of how the stainless steel pin and spring are inserted into the 

housing.   

 The original style of pin housing was made out of a single piece of steel rod 

(Figure 4.6.11).  One difficulty with using this kind of pin housing is that the stainless 

steel pin and spring must be inserted into the end of the housing that is welded to a 

frame member.  This occurs because the head of the stainless steel pin is larger in 

diameter than the drilled hole of the pin housing near its cut slots (compare Figures 

4.6.11 & 4.6.12).  To facilitate the pin insertion into its housing, an access hole was 

drilled through the opposite face of the frame directly across from where the pin 

housing was welded.  A design option was looked at that involved putting the 

stainless steel pin and spring in the housing before the housing was welded to the 

frame.  However, this was not used because heat from the welding operation can 

affect the spring and make it useless.  Over heating a spring can change the temper of 

the spring, making the spring brittle, and promotes early fatigue and cracking.  It can 

also reduce the spring’s spring constant.  The only viable option is to insert the 

stainless steel pin after the housing body is welded.   

 Inserting the spring pin, via the non-welded end, is impossible due to the 

larger diameter of the spring pin’s head and the smaller diameter of the hole in the pin 

housing.  To get around this problem, the spring pin housing was converted from a 

one-piece to a two-piece housing.  This basically took the one-piece housing and cut 

it in half.  Therefore, the outward opening of the pin housing that is welded to the 

frame has a larger diameter hole that can accept the stainless steel pin.  It also has 

internal female threads to accept the second half of the pin housing.  The piece of the 

pin housing, with the external male threads, has a hole only large enough to allow the 

shaft of the pin to slide through.  Figure 4.6.17 is a drawing of the two-part pin 

housing.   
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Figure 4.6.17: Two-part pin housing detail 

 

 With this new design setup, stainless steel pins and springs were inserted into 

the female threaded half of the pin housing after the housing was welded to the frame.  

Then, the male half of the spring housing was tightened into the female half.  The 

stainless steel pin and spring were kept in the two-piece housing by a roll pin, the 

same way as in the one-piece housing.  The function of the slots in the male half of 

the two-piece housing also serves the same functions as the slots in the one-piece 

housing.  Figure 4.6.18 shows an assembled view of the two-piece housing welded 

onto a caster leg.   

 
Figure 4.6.18: Two-piece pin housing, assembled and welded to caster leg 

 

 The two-piece housing makes the frame look better, and is easier to assemble.  

With the two-piece housing design, there is no need for the stainless steel pin and 
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spring to be inserted into a hole on the opposite face where the pin housing is located.  

Fewer holes make the frame look more appealing, and do not weaken the frame.  The 

insertion of the roll pin in the stainless steel pin was difficult with the one-piece 

housing.  In order to expose the hole in the stainless steel pin to drive the roll pin thru, 

the stainless steel pin (without the knob on it) had to be forced and held out of the pin 

housing while the roll pin was aligned and tapped in place.  Additionally, this 

positioning was done while working around the relatively large lower frame, and this 

proved to be cumbersome.  The two-part housing could almost be completely 

assembled without even working with the lower frame, and this work could easily be 

done sitting at a workbench.  The stainless steel pin and spring were inserted into the 

male half of the two-piece housing.  Then, the stainless steel pin was either pulled or 

pushed to expose the roll pin hole.  Several parts could be assembled in one sitting, 

and then later be threaded into the female half of the pin housing.   

 

4.8 Casters & Bumper Wheels 

 The function of the swivel caster is to allow for easier lateral movement of the 

Gait Master™ in all directions.  Adding small “bumper wheels” to the outstretched 

end of the caster legs provides protection against marring objects or walls.  They also 

help to protect the Gait Master™ from getting scratched by or run into by obstacles.  

There are four casters and four bumper wheels, one each at the free end of each caster 

leg.   

 The attachment of the bumper wheels was kept quite simple, and to the same 

design that was already used by Mulholland Positioning Systems on other equipment.  

Bumper wheel assemblies consist of 3-inch diameter by 1-inch wide solid rubber tires 

with Delrin hubs.  Originally, the axle hole in the Delrin hub was for a 0.25-inch rod, 

but was later bored out to accept an aluminum bushing with an outside diameter of 

0.440 inches, an inside diameter of 0.316 inches, and a length of 1.02 inches.  This 

bushing accepts a 5/16-18 by 2.75-inch machine screw that acts as the axle for the 

bumper wheel.  The bolt is long enough to pass through the bumper wheel and the 

1.25-inch diameter caster leg tube.  Also, the bolt is aligned vertically (z-axis), and 

protrudes out of the caster tube 0.25 inches to accept a nylon locknut.  Washers on 

either side of the aluminum bushing help to keep the wheel rotating smoothly.  Figure 

4.8.1 shows the bumper wheel assembly with the caster leg tube removed.  This way, 
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when the Gait Master™ runs into an object such as a wall, the bumper wheel simply 

rolls across it, keeping the frame from contacting with 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 relatively simple.  However, several 

design options were tried out to see how the caster fork could be attached to the end 

of the caster leg tube.  The first design used a round and milled aluminum plug that 

was about 4 to 5 inches long.  The diameter of the plug was a few thousands less than 

the inside diameter of the caster leg tube.  One half of the plug was milled to form 

two flat faces.  These faces acted as horizontal surfaces where the caster fork and 

bumper wheel were attached.  Two holes were drilled through the flat surface.  One 

hole was for the 1/2-13 threaded stud of the caster fork, and another smaller hole for 

the 5/16-18 bumper wheel bolt.  These holes were not threaded, and lock nuts were 

used to secure the bolts to the plugs.  Side and angled views of the plug inserted into 

the caster leg (along with a caster wheel and fork) are shown in Figure 4.8.2.  Once 

the plugs were in their final position, they were kept from rotating and translating 

inside the leg tubes by roll pins inserted through holes 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 with fork,  

a) side view, b) angled view 
 

 Using a milled end plug for the caster fork and bumper wheel mount was 

rejected as a final deign because of the large amount of material needed to make the 

plug.  Additionally, the plug was a little “overkill” for the task at hand.  Instead, steel 

threaded studs were used that were welded directly to the ends of the caster leg tubes.  

This unit was easier to assemble and kept the end of caster leg design looking very 

“clean”.  Shown in Figure 4.8.3 is an early depiction of the caster leg with a bumper 

wheel assembly, fork, and caster. The welded stud is hidden by the leg tube and fork. 

 
Figure 4.8.3: Early rendering of a caster and fork attached using a welded stud 

 

 Mounting styles of the front and rear casters changed over time.  The front 

caster mount stayed very similar to the description shown in Figure 4.8.3.  However, 

the rear caster mount changed a lot because of a brake mechanism that was designed 

to actuate through a hollow threaded stud (instead previous solid design) that was 

welded to the caster leg tube.   

 The fork of the caster is made from a tough nylon material.  A pair of stainless 

steel ball bearings is located in the fork to assist in the vertical rotation of the caster.  

These bearings accept a 1/2-13 threaded steel stud that is welded vertically to the end 
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of the caster leg tube.  This stud is inserted into a 0.5-inch hole that is drilled all the 

way through both faces of the 1.25-inch outside diameter caster leg tub.  The top 

(most positive z direction) end of the stud is flush with 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, a “stem tube” is used.  This stem 

tube is hollow and slides up the protruding threaded stud.  The top end of the stem 

tube is milled with a concave slot to make it fit perfectly up against the outside wall 

of the caster leg tube.  The outside of the stem tube is turned on a lathe in a step 

manner so the tube can be inserted into the bearing of the fork, but only slid in about 

half the length of the stem tube.  This step keeps the caster fork at an offset from the 

caster leg tube.  A detail of the caster stem tube is shown in Figure 4.8.5.  The slanted 

notch has no meaning for the front legs, but is required for the rear caster stem tubes.  

A locknut, threaded onto the end of the welded stud, keeps the caster fork from 

coming off the stud.  This design setup proved to provide 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 model, b) physical model 
 

 The basic principles developed for securing the front casters were applied to 

the rear casters, with a few alterations.  A stud welded to the caster leg tube is still 

used.  However, the stud is hollow in order to accept a stainless steel plunger.  This 

plunger, which can be actuated by the user, creates a sort of “parking brake” on the 

rear caster.  Each rear brake can be independently operated.  The rear brake system is 

explained in Section 4.11.  Additionally, each rear caster has an anti-swivel lock 

attached to its stem tube that aligns the rear caster with the user’s sagittal (yz-plane).  

The swivel lock is discussed in Section 4.9, and the final 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 model, b) physical model 

 

4.9 Anti-Swivel Lock 

 A Gait Master™ user can adjust the rear caster legs to be fixed about its 

vertical (z-axis) in a position that only allows the casters to travel in a forward or 

reverse direction.  This feature is very useful to users when getting used to the Gait 

Master™, or if users tend to push the unit to one side or another.  When the caster 

anti-swivel locks are in place, the Gait Master™ tracks more like a car or shopping 

cart, and can no longer be pushed directly sideways (in an x-direction).   

 The caster anti-swivel lock uses a stainless steel pin, spring, roll pin, round 

knob, and one-piece pin housing as described in Section 4.6.  The pin housing is 

welded to a steel bracket, which in turn is welded to the caster stem tube.  This 

bracket is bent at an angle, and orientates the stainless steel pin with a hole drilled 

into the neck of the caster fork.  Exploded and assembled views of the rear caster 

anti-swivel lock are depicted in Figure 4.9.1.  A sectional view of the anti-swivel lock 

in the “locked” position (with the stainless steel pin inserted into the caster wheel fork 

housing) is shown in Figure 4.9.2.  Theoretically, a two-piece pin housing could be 

used at this location.  Current plans are to leave the design as a one piece housing 

because this configuration is easy to assemble.  Additionally, 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) assembled 

 

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

 

 Figure 4.9.1 shows a notch in the bottom of the caster stem tube that is there 

to provide a path to help insert the stainless steel pin and spring into the housing.  If 

the notch was not there, the stainless steel pin could not be inserted into the housing 

because of the pin’s length.  The front caster stem tube does not require a notch since 

there are no anti-swivel components attached.  However, using a notched caster stem 

tube for the front casters does not impact performance. 

 The 10-degree angle is very critical about the vertical axis of the caster stem 

tube at the point where the steel bracket is welded in relation to the concave groove 

on the top of the stem tube. (See the 10-degree angle in Figure 4.9.3-a).  Both the 

front and rear caster legs angle outward from the sagittal (yz) plane.  When a caster 

stem tube is pushed up and against the bottom of a leg tube, the axis of the concave 

slot aligns itself with the long axis of the caster leg tube.  A hole is drilled into the 

rear face of the caster fork for insertion of a stainless pin to lock the swivel of the 

caster fork (Figure 4.9.4).  To allow the caster wheel to track along the sagittal plane, 

the axis of the caster wheel rotation must be parallel to the x-axis.  As shown in 

Figure 4.9.5, the bracket is welded at a 10-degree offset 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 caster, b) right 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 the rear caster leg and 

anti-swivel bracket, a) far view, b) close up view 
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 The rear caster anti-swivel lock is standard for both of the rear casters.  

However, there is the option for a user to purchase a Gait Master™ with front caster 

anti-swivel locks.  The design of the front caster anti-swivel lock is very similar to the 

rear caster anti-swivel lock, with the exception of the length and angle of the welded 

steel bracket (Figure 4.9.3-b).  Differences in the front and rear steel bracket are 

depicted in Figure 4.9.3.  The caster stem tube, bracket, and housing are all zinc-

plated to help prevent corrosion.   

 

4.10 Floor Brake 

 Several designs were developed to try and install a type of “parking brake” 

system on the Gait Master™.  The first series of designs were consistent in that they 

all extended/retracted a feature from the floor-end of the outer telescoping square 

tube.  When extended, this feature pushed on the floor with downward force and 

prevented the Gait Master™ from moving.  When this feature was in the retracted 

position, the Gait Master™ was free to move over the floor surface.  These 

mechanisms were placed at the floor-end of each outer telescoping square tube.   

 The first design incorporated a 4-bar slider linkage mechanism that was 

actuated by the user’s foot.  One of the 4-bar linkages was shaped like an “L”, where 

the shorter leg acted as a linkage with holes drilled on both ends.  The long leg of the 

“L” acted as a lever arm to be pushed up and down by the user’s foot.  If the “L” 

linkage was pushed down toward the floor, a sliding plunger would extend from the 

outer telescoping tube and press against the floor.  Initial renderings of the 4-bar 

slider linkage mechanism are shown in Figure 4.10.1.  This configuration would 

extend the plunger to a point where the plunger would lift the lower frame by 0.5 to 1 

inch up off the floor.  The “L” shaped linkage would automatically lock into place 

when completely depressed due to the 4-bar slider design.  Raising the lower frame 

off the floor only allowed either the two front or two back casters to touch the floor at 

one time.  The unit still had four points of contact with the floor: two from casters, 

and two from the plungers.  To raise the plungers off the floor and back into the 

square tube, upward pressure was applied to the “L” linkage.   
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a)  b)  
Figure 4.10.1: 4-bar slider linkage mechanism, a) extended position,  

b) retracted position 
 

 It was never fully determined (due to moving on to a new design) how the 

plunger would stay in the retracted position.  However, use of an extension spring 

strong enough to hold the plunger up off the floor would have worked.  In Figure 

4.10.1, the main body of the plunger was made out of a 1.25-inch square tube, and 

had a threaded steel and rubber leveling mount screwed into it (Figure 4.10.2).  The 

threaded shaft allowed the user to vary floor contact pressure by rotating the leveling 

mount in or out.  Figure 4.10.3 shows a computer model of the 4-bar slider linkage 

with the plunger removed to better illustrate the mechanism.  As with this and all 

succeeding linkage designs, the actual linkages were made 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 linkage to a 4-bar pin slider linkage 

eliminated the use of the sliding square tubes and leveling mounts.  Instead, 

mechanism joints were located within the 1.5-inch square tubing of the lower frame.  

Additionally, one of the linkages passed through an opening created in the bottom 

face of the square tubing.  When the user actuated the “L” shaped lever (same “L” 

type lever as in the last example), the new longer linkage swung down and pushed 

against the floor.  This lifted the lower frame off the floor, similar to that of the 

previous mechanism.  Figure 4.10.4 shows an overlapped exposure of the linkages in 

the locked and unlocked positions.  Arrows in Figure 4.10.4 show linkage movement 

from the unlocked to locked positions.  Eventually, foot-operated lever designs were 

eliminated because they relied on the user to use their feet, 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 that they mounted to the outside of 

the 1.5-inch square telescoping tube near the floor.  The first design used a parallel 4-

bar linkage setup in combination with a non-parallel 4-bar linkage setup.  This design 

was referred to as the “half-moon” linkage mechanism.  To actuate the half-moon 

linkage, a pair of wire cables was required.  This allowed the user’s hands, instead of 

their feet, to operate the floor brake.  One wire was required to extend a linkage to the 

floor, and another wire to retract the linkage.  As shown in Figure 4.10.4, one of the 

linkages was shaped in a solid half-circle, or half-moon fashion.  The half-moon 

linkage pivoted about a central axis, and rotated via two wires.  This linkage was 

connected to the parallel 4-bar linkage mechanism by means of another straight 

linkage.  When the half-moon linkage was rotated clockwise, the parallel 4-bar 

linkage extended a plunger to the floor (Figure 4.10.5-a).  When turned 

counterclockwise, the plunger retracted into a housing that contained the linkages 

(Figure 4.10.5-b).  Two wires were used because a pulling force was required to 

extend and retract the plunger.  Given that this linkage was located outside of the 

telescoping square tubes, it had to be protected from the environment.  Therefore, two 

metal plates were used to sandwich the linkage (Figure 4.10.5-c).  One of these plates 

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

a)  b)  c)  
Figure 4.10.5: Half-moon floor brake linkage mechanism, a) extended position,  

b) retracted position, c) computer exploded view 
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 The last 4-bar linkage design considered was similar to that of the half-moon 

linkage setup.  It also used two 4-bar linkage configurations: one parallel and one 

non-parallel.  In this case, only one wire was needed.  A pair of tension springs 

replaced the wire needed to extend the plunger to the floor.  The remaining wire was 

needed to retract the plunger.  The amount of vertical room (approximately 6 to 7 

inches) needed for linkage mechanism movement was located in another square tube 

mounted piggyback style on the floor end of the lower frame (Figure 4.10.6).  This 

linkage was known as the side-tube linkage.  This system was mounted on the side of 

the 1.5-inch square tube because there was not enough vertical room to stack the 

suspension springs and the floor stop inside the square tube.  The angled view in 

Figure 4.10.6-a does not show the housing used to conceal the linkage.  The 

downward view in Figure 4.10.6-b shows how the linkage fits inside its housing. 

a)  b)  
Figure 4.10.6: Side-tube linkage, a) angled view with side tube hidden, b) top view 

with outlines of lower frame and side tube 
 

 The final floor brake design did not use any linkages.  Instead, it used one 

long compression spring to exert force directly down on top of a floor plunger.  Like 

the previous design, the spring and plunger were housed in a square tube mounted to 

the side of the 1.5-inch square lower frame tube.  It also used a wire to retract the 

plunger from the floor surface.  Because there were no linkages to fabricate, this setup 

was simple and easy to manufacture and assemble.  A relatively long spring (about 10 

inches) was used in order for there to be enough force applied to the floor by the 

plunger, yet still allow the user to be able to retract the spring.  A side view of the 
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compression spring plunger is shown in Figure 4.10.7-a, and also in Figure 4.10.7-b 

with the spring housing tube eliminated.  Figure 4.10.7-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 view with spring 

tube housing removed, c) angled view with housing removed 
 

 All of the above designs were eliminated due to the universal fact that they 

each used a plunger that came out of the bottom of, or next to, the 1.5-inch square 

telescoping tube located near the user’s feet.  It was decided that the floor area near 

the user’s feet should be kept clear of obstructions.  Therefore, the height of the lower 

frame above the floor was increased from the 1 to 2-inch range to approximately 7 or 

8 inches.  Consequently, all the above floor brake designs would not work due to the 

increased distances preventing proper operation.   

 

4.11 Rear Caster Brake 

 The final design for the brake mechanism uses a plunger that puts pressure 

directly on the rear caster wheel, and is actuated by wire cable.  Caster brake 

mechanisms are attached to rear caster legs.  There is one brake for the left caster and 

one brake for the right caster.  A user can independently operate each caster brake 

while they are in the Gait Master™ by using a handle conveniently located at the top 

end of each rear caster tube.   
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 As explained in Section 4.8, the caster mounting stud (Figure 4.11.1) is 

hollow to accept a stainless steel plunger (Figure 4.11.2).  When actuated by applying 

tension to a wire cable, the grooved head of the plunger extends out of the lower 

opening of the hollow caster stud, and pushes into the rubber tire surface of the caster 

wheel.  The opposite end of the plunger is threaded into a yoke, which also slides in 

the top end of the hollow caster stud.  A compression spring, located inside the 

hollow caster stem, exerts upward force on the yoke.  Therefore, when no tension is 

applied to the brake wire, the spring pushes up on the yoke, 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 to transfer force from the wire to 

the plunger.  This lever pivots about a roll pin placed through the caster leg tube.  The 

short leg end of the “L” shaped lever has a 0.192-inch diameter milled slot so that a 

0.1875-inch diameter roll pin can slide along the slot.  This roll pin is fixed through a 

yoke (Figure 4.11.4), and assists in transferring force applied to the wire into a 

downward force on the brake plunger.  Force is conveyed from the wire to the “L” 

shaped lever by use of an aluminum “stop sleeve”, which is crimped to the end of the 

wire cable after it passes through a small hole drilled at 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 brake system is an off-the-shelf item 

very similar to the kind of cable system used on bicycles.  It is threaded though a 

fixed length conduit made from a combination of stainless steel and plastic.  Each end 

of the conduit has threaded fittings for mounting the conduit.  Additionally, these 

fittings have about 1.5 inches of thread on them to allow for fine wire tension 

adjustments.  This is done via nuts located on each side of a mounting bracket welded 

to the caster leg tube.   

 Sectional views of the brake mechanism, near the caster end of the rear caster 

leg, are shown in Figures 4.11.5 and 4.11.6.  Each figure shows a view of the brake 

disengaged, and engaged.  To prevent corrosion, the “L” shaped lever is made from 

steel and is zinc plated.  The hollow caster stud is powder coated after it is welded to 

the caster leg tube.  Additionally, the plunger, spring, wire cable, and roll pins are all 

made from stainless steel.  All nuts are zinc plated, and the casing of the wire cable is 

plastic. 
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a)  b)  
Figure 4.11.5: Rear caster brake computer model sectional side view, a) brake 

plunger disengaged, b) brake plunger engaged 
 

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

disengaged, b) brake plunger engaged 
 

 As previously mentioned, the user-actuated rear caster brake handle is located 

at the opposite end of the rear caster leg tube from were the caster is located.  It is 

located high enough so the user can easily actuate the brake lever.  When the brake 

lever is actuated (pulled up), tension is applied to the wire cable that is connected to 

the “L” shaped bracket.   

 To keep tension in the brake wire, a brake handle plug was created (Figure 

4.11.7).  This plug allows the user to lift a zinc plated steel brake lever handle (Figure 

4.11.8) to actuate the brake, and permits the handle to be fixed in an upward position 

after the user lets go of the brake handle.  This way, the user does not have to 

continuously apply force to the handle.  The brake handle plug is formed from an 

aluminum rod and is anodized after being machined.  It has a slot to accept the brake 
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handle, and a series of holes to fix the handle to the plug 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 brake handle lever also has a milled 

slot at one end to accept a roll pin.  The brake handle is confined to the brake handle 

plug by this roll pin, which is driven through the plug and through the slot in the 

brake handle lever.  A second roll pin, driven through the plug, is the device that 

actually holds the brake handle lever in the upward angle after the user places the 

handle in that position.  A small round notch is milled into the end of the brake 

handle.  This notch fits perfectly about the second roll pin.  Because of the placement 

of the two roll pins, the brake handle can be lifted and secured as shown in Figures 

4.11.9 and 4.11.10.  From the unlocked position of the brake handle (Figure 4.11.9), 

the user would lift up and push the handle in toward the plug until the notch at the end 

of the brake handle catches about a roll pin (Figure 4.11.10).  When this happens, the 

user can let go, and the brake handle will stay in place keeping tension on the brake 

wire cable.  To disengage the brake, the user pulls up on the brake handle, pulls the 

handle away from the plug, and then lets the handle swing back down to the position 

in Figure 4.11.9.  Examples of the brake lever handle in the disengaged and engaged 

positions are shown in Figure 4.11.11. 



M. E. Steele 2005 66 

a)  b)  
Figure 4.11.9: Disengaged brake handle setup for caster brake system,  

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 a roll pin that is driven through the 

caster leg tube.  This secures the location of the plug in relation to the caster leg tube.  

A slot milled through one face of the caster leg tube allows room for the brake handle 

lever to rotate up and down.  A small hole is drilled through the brake handle lever to 

accept the passage of the wire cable, which is then crimped with an aluminum stop 

sleeve.  Additionally, a mount for the threaded end of the wire conduit is secured to 

the caster leg tube near the handle with a pin and bolt as shown in Figures 4.11.9 to 

4.11.11.  For the user’s comfort, a rubber-type grip handle is inserted over the end of 

the brake handle lever.  Plastic end caps are placed into the open ends of the caster leg 

tubes to provide a clean finish as well as for safety protection.  To keep the wire 

conduit housing from being entangled with the user or other objects, the conduit is 

partially run inside the length of the caster leg tube.  The entire rear caster brake 

system is shown in the engaged and disengaged positions in Figures 4.11.12 and 

4.11.13.   

a)  b)  
Figure 4.11.12: Overall computer model view of the rear caster brake system, a) 

disengaged, b) engaged 
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a)  b)  
 

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

 

4.12 Spring Lockout 

 Situations exist where it is desirable to “lock” the vertical displacement 

between the upper and lower frames of the Gait Master™.  This can be done for 

transportation and storage purposes, or to keep the seat at a fixed height while a user 

is in it and using the device.  “Spring lockout” refers to the mechanism that locks the 

upper and lower frames together.  The term “spring” is used because when the 

mechanism is engaged, the compression springs inside the square telescoping tube are 

fixed.  As mentioned in Section 4.7, the spring lockout is actuated by use of a spring 

pin (Sections 4.6 & 4.7) located on the side of the outer telescoping square tube and 

in between the two caster leg locks (Figure 4.12.1).  This spring pin is considered 

locked or unlocked by the same definition discussed in Section 4.6.   

 
Figure 4.12.1: Spring lockout location, middle knob in unlocked position 
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 When the spring lockout pins are orientated in the locked position, the spring-

loaded pin inside the pin housing mates with one of a number of holes drilled through 

one face of the inner telescoping square tube (Figure 4.12.2-b).  The reason for the 

long series of holes is to allow the upper and lower frame to be “locked” together at 

various heights.  As explained in Sections 4.4 and 4.5, the gas springs and crank 

knobs create a difference in height between the upper and lower frame anywhere 

from approximately 1 to 13 inches.  Once the user sets the crank knobs and gas 

springs to a specific height, the compression springs only allows a maximum of 3 

inches of travel between the upper and lower frames.  Having several mating holes 

for the spring lockout, at 1-inch intervals, guaranteed that the user only has to push 

down on the lower frame (compressing the coil spring) a maximum of 1-inch.   

a)  b)  
Figure 4.12.2: Spring lockout hole locations, a) full assembly, b) lower frame 

removed 
 

 The holes in the upper frame are larger in diameter than the spring pin head in 

order for there to be a slight amount of “play” between the pin head and mating hole.  

This “play” helps when disengaging the spring lockout due to the shear force acting 

between the hole and pin caused by the compression of the coil spring when the pin 

head and hole are aligned.   

 

4.13 Gas Spring Release Head 

 In order to actuate the lockable gas springs, an apparatus was designed to 

depress the release plunger located at the end of the gas spring rod (Figure 4.13.1).  
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The end of the rod comes already threaded from the manufacturer, and is used to 

thread the rod into an aluminum block.  This block contains a lever to actuate the 

release plunger, and is known as the “gas spring release head” (Figure 4.13.2).  A 

wire cable system, similar to that of the rear caster brake system, is used to pull the 

lever inside the aluminum block.  When this lever rotates, 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) locked, b) unlocked 

 

 
Figure 4.13.2: Gas spring release head, final design 

 

 The initial renderings of the gas spring release head differ only slightly from 

that of the final design.  The only significant difference is the change from a cylinder 

body to a rectangular rod style release head as shown in Figure 4.13.3.  As discussed 

in Section 4.4, the orientation of the gas spring positions the release plunger near the 

floor end of the telescoping square tubes.  Other slight design variations included how 

the gas spring release head was mounted to the outer square tube, and how the lever 

(connected to the release head) extended outside of the square tube.  Figure 4.13.4 

depicts the gas spring mounted to a washer that was welded to the square tube.  The 
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gas spring was held in place by clamping the washer between a nut and the release 

head.  Additionally, it shows that the release wire was short, and did not extend out of 

the square tube.  Both of these ideas were rejected because using welded-in-place 

washers to mount gas springs would create difficult welding operations.  Also, a short 

lever would require users to exert more force to actuate the release plunger as 

compared to a longer lever that sticks out the side of the square tube via a slot in the 

tube.   

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

 

 
Figure 4.13.4: Gas spring release head initial mounting and lever setup 

 

 The lockable gas springs are mounted to the 2.5-inch outer square tubes 

through the gas spring release heads.  To do so, the release head has a hole drilled 
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through its largest face, as shown in Figure 4.13.2.  This hole accepts a stainless steel 

roll pin that is driven through holes in the 2.5-inch square tubing (Figure 4.13.5).  The 

location of these roll pin holes on the square tubing, along with bushings on either 

side of the gas spring release head, help keep the lockable gas spring assembly 

centered inside the square tube.  The lever that depresses the gas release plunger is 

made from steel, and zinc plated to prevent corrosion.  One end of this lever pivots 

about a small roll pin that is driven through the release head.  The other end has s 

small hole to accept a wire cable.  Like the rear caster brake cable system, this wire 

also has an aluminum crimp on its end.  Therefore, when the user pulls the cable 

(discussed in Section 4.14), the lever pivots clockwise (as viewed in Figure 4.13.5) 

and depresses the gas spring release plunger.  The user must apply tension to the wire 

(as just described) to change the stroke of the lockable gas spring.  The release 

plunger is pressurized to always stay in the extended or locked-stoke position, and 

must be overpowered by the lever to depress the plunger to 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 actuates the lever attached to the 

gas spring release head.  This wire runs up to another lever, known as the “gas spring 

release handle,” located at the apex of the horizontally aligned “U” tube (Section 

4.15) in front of the user’s waist area.  The location of the gas spring release handle 

makes it possible for the user to actuate the lockable gas springs while they are in the 

Gait Master™.   
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 Initial designs of the gas spring release handle placed the handle in a vertical 

(z-direction) position with the wire cables connections to the left and right sides of the 

lever (Figure 4.14.1-a).  The wire cable mounting locations were mirrored and 

transposed about the pivot of the release handle because both of the wires had to be 

pulled in tension at the same time to actuate the lockable gas spring.  As with the rear 

brake wire system, the cable’s conduit had to be mounted to the frame.  One 

mounting location was directly above the gas spring’s release head lever as seen in 

Figure 4.13.5.  Just as before, two nuts clamped the conduit against these mounts.  

The initial design (Figure 4.14.1-a) used the same mounting technique near the gas 

spring release handle as shown in Figure 4.13.5.  The user had to push the release 

handle to their left (-x-direction) in order to unlock the stroke position of the lockable 

gas spring.  The wire was connected to the release handle by a crimped aluminum 

stop sleeve.  Note, the views in Figure 4.14.1 are cropped portions of old bill of 

material lists, and the circled numbers have no further meaning.   

a)  b)  c)  
Figure 4.14.1: Gas spring release handle designs, a) round tube mount assembly,  

b) square tube mount wire assembly, c) square tube mount wire assembly 
 

 The final design differs slightly in the fact that the gas spring release handle is 

mounted horizontally to a vertically aligned square tube instead of the “U” tube.  

Additionally, wire conduit mounts are located on this square tube and align the wire 

cables in a vertical fashion (Figure 4.14.2).  In this setup, the user pulls up (+z-

direction) to apply tension to the wire cables (Figure 4.14.3) to release the stroke lock 

of the gas spring (Figure 4.14.4).  Wires were secured to the release handle by 

inserting them through small holes, and crimped aluminum stop sleeves were used to 

keep the wires from being pulled back out of the holes.   
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a)  b)  
Figure 4.14.2: Gas spring release handle final design, a) computer model,  

b) physical model 
 

a)  b)  
 

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

 

a)  b)  
Figure 4.14.4: Effects of the gas spring release handle on the gas spring plunger 

lever, a) at rest and gas spring locked, b) actuated and gas spring unlocked 
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 The gas spring release handle is zinc-plated steel, and has a rubber-type grip 

handle to make it easier for the user to grasp.  A round knob, welded to a vertical 

square tube, acts as the handle’s pivot point.  A washer and button head cap screw 

keep the handle secured in place.  The wire cable must be able to accommodate 

various height differences between the upper and lower framework.  One cable end is 

attached to the upper frame, and the other end is connected to the lower frame.  The 

wire must be long enough to reach from the floor end of the lower frame, to the 

maximum extended height of the upper frame’s handle mounting location.  When the 

upper and lower frames are not at their maximum distances apart, the extra wire and 

conduit needed someplace to go so they would not get in the way of the user.  To 

solve this problem, the wire conduit was run from the gas spring mount location 

through, and out the top of the vertical section of the caster leg.  It then traveled 

through the lower cross support tube near where it was mounted to the outer square 

tube.  The remaining conduit forms an “S” shaped bend where the conduit is mounted 

near the release handle (Figure 4.14.5).  To prevent rubbing of the wire conduit 

against the holes in the caster leg and lower cross support tube, the wire conduit is 

inserted into clear, wire-reinforced PVC tubing at these locations.  PVC tubing runs 

the entire length of the conduit for better overall appearance.   

a)  b)  
Figure 4.14.5: Gas spring wire cable conduit path, a) computer model,  

b) physical model 
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4.15 “U” Tube 

 The upper frame is comprised of a “U” shaped tube that is welded to two 

square tubes (the inner telescoping square tubes of each side) as shown in Figure 

4.15.1.  The two square tubes are the inner tubes of the telescoping square tubes.  The 

purpose of the “U” shape is to connect the left and right sides of the lower frame 

together, and to provide a mounting location of the two-track (Section 4.16) by means 

of a short length of square tubing at the apex of the “U” shape.  Also fixed to the “U” 

tube are the height adjustment crank levers (Section 4.5).  The square and round tubes 

of the upper frame are electropolished for a nice shine and 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” shaped tube was whether it would 

hold up to the forces applied to it when someone put their full body weight on the seat 

frame.  This raised the question about how thick the tube wall needed to be.  

Combinations of shear and moment forces are applied to the “U” tube at the apex of 

the “U” when someone sits completely on the seat frame (Section 4.18).  In order to 

find the answer, a Finite Element Analysis (FEA) was preformed on the “U” tube 

using the Unigraphics program.  The focus of the investigation looked at stresses and 

deflection of the “U” tube under loading conditions as seen by 200 and 250-pound 

people sitting on the seat frame.  Results of the FEA test are provided in Appendix A.  

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

pound loads respectfully.   

 

4.16 Two-Track 

 As discussed in Section 3.8, an adjustable clamping frame, known as the 

“two-track”, was developed to attach the sternum support, thoracic support, and seat 

frame to the upper frame.  This frame is comprised of 6061 aluminum, and formed by 

an extrusion machine.  For strength, the extruded aluminum is heat treated to a rating 

of T6.  This rating gives the aluminum extrusion a yield strength of approximately 

40,000 psi.  After the extrusion piece is cut to length and bent, it is anodized for 

appearance and corrosion resistance.  This extrusion is not an off-the-shelf item, and 

is custom made for Mulholland Positioning Systems. 

 Two basic design shapes of the extrusion’s cross-section were explored.  Both 

designs had to fit inside a 1.25-inch square tube with a 0.065-inch wall thickness.  

Therefore, the maximum square width of the extrusion was 1.12 inches.  To allow 

room for variation in the 1.25-inch tube, the maximum width of the extrusion was set 

to 1.11 square inches.  This left a 0.005-inch equally spaced gap between the 

extrusion and the inside wall of the square tube.  This gap distance also allowed the 

extrusion to easily slide into the 1.25-inch square tube.  As discussed in Section 3.8, 

the extrusion has a “T” shape slot to accept the shaft of a bolt and offers a mounting 

location for a nut threaded to the bolt.  Examples of this setup are shown in Figure 

4.16.1, which also shows how a stainless steel block can be inserted into the track to 

provide even more rigidity to the aluminum extrusion.  Examples of the cross-section 

of the aluminum extrusion are shown with one “T” and two “T” slots in Figure 

4.16.2.   

a)  b)  
Figure 4.16.1: Two-track setup, a) clamping of a square tube with a steel bar 

inserted, b) physical model of nut and bolt clamping setup 
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a)  b)  
Figure 4.16.2: Two-track cross-section designs, a) one “T” slot, b) two “T” slots 

 

 A FEA study, using Unigraphics, was preformed on variations of the one and 

two “T” slot designs in order to verify they would not yield from a user’s weight.  

Very early frame designs used an extruded track piece bent with a radius to a 90-

degree angle.  This setup had a general “L” shape to it, where the vertical (z-

direction) “L” leg was mounted to the “U” tube, and the free end of the horizontal 

“L” leg was where the seat mounting bracket was located.  An FEA was preformed 

using the one “T” slot design noted in Figure 4.16.2-a.  The length of the legs forming 

the “L” shape stayed constant at 10 inches, and FEA was preformed on bend radii of 

3, 4, and 5 inches.  Additionally, tests were preformed with the face of the extrusion 

containing the “T” slot (top face in Figure 4.16.2-a) on the outside and inside curved 

faces of the bend (Figure 4.16.3).  Detailed results of the FEA test on the single “T” 

slot are included in Appendix B.  The results in Appendix B concluded that for a 200 

pound load at the end of the horizontal “L” shaped leg, it is best to have the extrusion 

bent with the “T” slot on the outside of the bend radius, and to have a bend radius of 5 

inches.   

 
Figure 4.16.3: “T” slot on inside (left) and outside (right) of bend radius 

 

Force 

Fixed 
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 After the initial FEA results were completed, it was decided to incorporate 

two of the “T” slots into the extrusion instead of just the one “T” slot.  Therefore, nut 

and bolt type mountings, shown in Figure 4.16.1, could be applied on opposite faces 

of the extrusion.  The double slot design used a two-tiered “T” shape (Figure 4.16.2-b 

verses Figure 4.16.2-a).  The second tier eliminated aluminum material in order to 

reduce weight and cost without significantly influencing the extrusion’s structural 

properties.  With the double “T” slot, or “two-track” setup, the aluminum extrusion 

was not bent in the “L” shape as earlier described.  Instead, it was changed to be 

straight and vertical, and a steel frame replaced the horizontal section of the “L” that 

extended to the seat bracket.  Various widths and depths of “T” slots were tried using 

the FEA analysis to analyze their effects on deflection and stress.  The detailed results 

of the double “T” slotted aluminum extrusion are displayed in Appendix B, and 

conclude that a 2,000 inch-pound moment would give a safety factor of 

approximately 2.  Therefore, an extruded aluminum two-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, a) detail, b) physical 

 

 Early versions of the Gait Master™ had the opening of the “T” slot facing 

towards the front and back of the unit (Figure 4.16.5-a).  The orientation of the “T” 

slot was rotated 90 degrees to slightly decrease the internal stresses in the extrusion 

(Figure 4.16.5-b).  This orientation also proved to offer more accessibility for 

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

back, b) to the left and right 
 

 “T” slot widths are very important when it comes to mounting items to the 

aluminum extrusion.  The width of 0.255 inches is just wide enough to accept a 0.25-

inch diameter shaft of a bolt.  Additionally, the 0.440-inch slot width allows just 

enough room for the nut of a 0.25-inch bolt to slide along the length of the slot, but 

not allow it to rotate in the slot.  Most hexagonal shaped nuts for a 0.25-inch bolt 

have a face-to-face width of 0.4375 inches.  This means that the nut is held in place 

by the walls of the “T” slot and will not rotate when the bolt is being loosened or 

tightened.  This allows for easy one-tool adjustments, and keeps most of the hardware 

hidden from view.   

 To make the assembly of the Gait Master™ easier for factory workers and 

end-users, standard 0.25-inch nuts were replaced with custom made “long nuts.”  

These new nuts are made out of 0.4375 by 0.1875-inch rectangular steel rod.  

Basically, the old nut shape was elongated to make aligning the nut with the “T” slot 

easier to perform.  Two examples of the long nuts are shown in Figure 4.16.6.  

Sternum and thoracic supports are clamped using nuts with a single tapped hole, and 

both the upper and seat frames are clamped by using double 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 in Figure 4.16.5, the two-track 

extrusion is mounted to the lower frame at the apex of the “U” tube.  There, the two-

track is clamped to a 1.25-inch square tube via two 0.25-inch button head cap screws 

(Figure 4.16.7-a) or two 0.25-inch ratchet levers (Figure 4.16.7-b) tightened into a 

double tapped nut (Figure 4.16.6).  Two screws were used (instead of only one) to 

double the chances that the two-track was firmly secured to the upper frame, even 

though only one fastener could handle the entire clamping load.  Additionally, ratchet 

levers are faster and easier to use.   

a)  b)  
Figure 4.16.7: Two-track and “U” tube attachment, a) button head cap screws,  

b) ratchet levers 
 

4.17 End-Cap 

 A custom “end-cap” was made to protect the user from being scraped by the 

lower end of the two-track where it is attached below the seat support frame.  The 

end-cap has two protruding fingers that are inserted into the “T” shaped cavities of 
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the two-track.  It also has a 1.1-inch square face to cover the same area as the end of 

the two-track.  The corners of the face have a radius design to protect users from 

scratches by the two-track or end-cap.  The first end-caps made were milled out a 

solid piece of tough, impact resistant APS (acrylonitrile-butadiene-styrene) plastic.  

Future plans are being investigated for mass production of end-caps via injection 

molding techniques.  Views of the end-cap design, and how 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) insertion, c) prototype plug 

 

4.18 Seat Frame 

 A unicycle seat is used to partially support the user’s weight and to help 

relieve loads applied to the legs while using the Gait Master™.  As reviewed in 

Section 4.16, early models of the seat frame comprised of bending the two-track in a 

90-degree angle to provide a surface on which to attach the seat mounting bracket 

(Figure 4.18.1-a).  This frame setup was later changed to a square tubular steel frame 

that fastened to the vertically aligned two-track (Figure 4.18.1-b).   

a)  b)  
Figure 4.18.1: Seat frame, rear angled view, a) bent two-track setup,  

b) square tube setup 
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 A straight tube frame allows for greater height adjustability of the seat frame 

on the two-track as compared to the bent two-track setup.  The square seat frame is 

attached to the two-track in the same manner the “U” tube is attached to the two-

track.  Bolts and nuts are used to clamp a 1.25-inch by 0.065-inch wall square tube to 

the two-track (Section 4.16).  Depending on the orientation of the two-track (Figure 

4.18.2-a verses 4.18.2-c), different styles of fasteners can be used.  If the two-track is 

orientated as shown in Figure 4.18.2-a, then socket head cap screws are used that are 

recessed within a cone piece (Figure 4.18.2-b).  Cones help to protect the user if their 

leg brushes up against these fasteners.  Instead of using the cone system, a button 

head cap screw can be used.  However, the socket drive size of a standard 0.25-inch 

diameter socket head cap screw is 0.1875 inches, and the socket drive size of a 0.25-

inch button head cap screw is less at 0.15625 inches.  Therefore, to ensure that the 

operator of the Gait Master™ can securely tighten the cap screws to the two-track, a 

decision was made to go with the larger socket drive.  A larger socket drive size is 

less likely to strip out and consequently decrease the amount of holding capacity of a 

bolt.  When the two-track is orientated as shown in Figure 4.18.2-c, the use of one (as 

shown) ratchet lever with a socket head cap screw or the use of two ratchet levers is 

employed.  Ratchet levers can be used with this orientation of the two-track because 

levers do not obstruct leg movement when properly secured.  Two fasteners are used 

to attach the seat frame to the two-track to double the chances that the user will 

securely fasten the seat frame to the two-track, even though only one fastener can 

handle the entire clamping load.  The final design of the seat frame is shown in Figure 

4.18.3.  The dark rectangle hanging from the underside of the seat frame, as shown in 

Figure 4.18.2, is a tool pouch.  It holds allen wrenches required for end-user assembly 

and adjustments.  A Velcro flap keeps the tools from falling out of the pouch.   
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a)  b)  c)  
Figure 4.18.2: Seat frame fastener connection to two-track, a) side mount,  

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 frame by a welded bracket (Figure 

4.18.4).  This bracket allows the position of the seat to be shifted front to back (+/-y-

direction) as well as the pitch (rotation about an x-axis) of the seat.  The horizontal 

section of the seat frame is made from 1.0-inch square tube, and fits just inside 1.125-

inch by 0.049-inch square seat bracket tube.  A nut is welded over a hole on the 

underside of the seat bracket.  A socket head cap screw is inserted into this nut and is 

forced against the seat bar frame, thus securing the position of the bracket on the 

horizontal seat frame (Figure 4.18.5-a).  The unicycle seat comes furnished with four 

threaded studs, protruding from its underside, for mounting purposes.  The bent plate 

that is part of the welded seat bracket has four milled slots.  These slots accept the 

four threaded seat studs, and nuts are used to clamp the seat to the bracket.  

Loosening the four nuts, adjusting the pitch, and then retightening the nuts is the 

process used for changing the seat’s pitch (Figure 4.18.5-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 both the square tubular seat frame 

(Appendix D) and the curved frame shown in Figure 4.18.1-a (Appendix B).  

Conclusions from these tests show that the square tube seat frame can handle a user 

who weighs 200 pounds.   

 

4.19: Rear Seat Pad 

 A moveable pad located at the end of the seat frame prevents a user from 

sliding off the rear of the unicycle seat.  The user is restricted from sliding off the seat 

in any other direction because they are blocked by the upper frame’s “U” tube and 

two-track.  In order for the user to be able to get in and out of the Gait Master™, the 

rear seat pad is repositioned to allow direct access to the unicycle seat.  To 

accomplish this, a lockable pivot was developed.   

 The first variation of the lockable pivot incorporated an interlocking tooth 

clamp.  One half of the clamp was fixed to the rear back end of the seat frame.  The 

other half was mounted to a shaft and pad setup (which actually blocked the user 

from sliding back off the seat).  Figure 4.19.1 shows the interlocking tooth clamp 
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attached to the seat frame (note that the vertical shaft and pad setup is hidden in this 

view).  Mulholland Positioning Systems already incorporated this kind of interlocking 

aluminum tooth clamp in some of its other products.  One example of a current clamp 

design is shown in Figure 4.19.2.  To make the clamp work on the Gait Master™, a 

bolt acted as the pivot, and went through both clamp halves via the hole encircled by 

the teeth.  A nut aligned the teeth and locked the rotation of the pivot.  To change the 

position of the pivot, the nut was backed off to permit clearance between the 

interlocking teeth to allow rotation between the two halves.  In the end, the 

interlocking tooth clamp design was discarded because of its bulkiness and difficulty 

encountered using the clamp once a user was in the Gait Master™.   

 
Figure 4.19.1: Rear seat pad interlocking tooth clamp pivot on seat frame 

 

a)  b)  
Figure 4.19.2: Example similar to the interlocking tooth clamp pivot, a) ratchet faces 

interlocked, b) ratchet faces apart for observational clarity 
 

 A completely different system was used to change the position of the rear seat 

pad.  A sliding pin was used to automatically lock the rear seat pad into place.  Now, 

all the user has to do to release the lock is slide a knob attached to the sliding pin.  

The pin joint is comprised of a sliding pin, threaded stud, plastic ball knob, 
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compression spring, roll pins, yoke, and a notched pivot stud.  The yoke is welded to 

the end of a 0.625-inch diameter tube (Figure 4.19.3-b) that runs vertically up behind 

the unicycle seat (when the latch is locked).  Inside the end of this tube, where the 

yoke is welded, is the sliding pin.  A compression spring, held in place by a roll pin, 

applies constant force to the sliding pin, forcing the sliding pin against the curved and 

notched face of the pivot stud.  The stud is stationary and welded to a bracket at the 

rear end of the seat frame (Figure 4.19.3-a).  The yoke pivots about the stud via a roll 

pin.  In the locked position, the sliding pin is forced into the stud’s notch, preventing 

the tube (containing the sliding pin) from rotating.  The user unlocks the joint by 

pulling a knob attached to the sliding pin.  This disengages the sliding pin out of the 

notch in the stud, thereby allowing the yoke (and the rest of the vertical tube) to rotate 

and swing down toward the floor.  Figures 4.19.4-a & c both show sectional views of 

this rear seat pad pivot in locked and unlocked positions.  Figures 4.19.4-b & d show 

the pivot in the locked and unlocked positions; however, the vertical tube and yoke 

are hidden from view.  Figures 4.19.5-a & b show the physical model of the rear seat 

pad pivot in the locked position, and Figures 4.19.5-c & 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 notched stud, b) with yoke 
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a)  b)  

c)  d)  
Figure 4.19.4: Sliding pin lock mechanism, a) sectional view, locked,  

b) locked with vertical tube and yoke hidden, c) sectional view, unlocked,  
d) unlocked with vertical tube and yoke hidden 

 

a)  b)  
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c)  d)  
Figure 4.19.5: Sliding pin lock of physical model, a & b) locked position,  

c & d) unlocked and vertical tube swung down 
 

 After the design of the rear seat pad pivot was completed, the rest of the 

vertical tube design was planned.  As shown in Figure 4.19.5, the final design of the 

rear seat pad uses a straight tube with a cushioned pad clamped to it.  However, this 

was not the original design.  Instead of clamping a pad to the tube, the tube was 

originally bent in a question mark “?” shape as shown in Figure 4.19.6.  The curved 

part of the tube was covered in neoprene foam to add cushioning for the user’s 

comfort.  This design was later rejected because it did not offer any pad placement 

adjustability.  Additionally, the sliding pin, spring, and roll pin of the round tube had 

to be assembled before the yoke was welded to the straight end of the tube.  A new 

design used a 0.5 by 4 by 8-inch neoprene pad attached to the vertical tube via two 

clamp blocks.  A 0.25 by 4 by 8-inch piece of ABS plastic backs the neoprene 

padding (Figure 4.19.7), and provides rigidity to the neoprene padding.  A nylon 

fabric slipcover encases and protects the neoprene and ABS.   
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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 neoprene padding, ABS, and 

slipcover 
 

 The clamp blocks used to attach the pad to the 0.625-inch diameter vertical 

bar are made from solid aluminum rod, and have a half-moon shape cut into one face 

(Figure 4.19.8-a).  The diameter of the half-moon cut is equal to the diameter of the 

0.625-inch vertical tube.  Therefore, a pair of these blocks fit snuggly around the 

0.625-inch diameter vertical tube.  Two socket head cap screws are used to clamp the 

two blocks around the tube, and are threaded into “T” nuts that are inserted into the 

ABS backing of the neoprene pad.  This setup allows the translation and rotation 

(about the tube axis) of the seat back pad to be adjusted by loosening and tightening 

the caps screws.  The heads of the socket cap screws are recessed and flush with the 

face of the clamp blocks for appearance and user protection (Figure 4.19.8-b).  The 

0.625-inch vertical tube, yoke, and notched stud are made from steel and zinc plated 

for corrosion.  The sliding pin, spring, threaded stud, and roll pins are all made from 
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stainless steel.  A round plastic end cap is placed over the open end of the vertical 

tube to protect the user.  All of the “real” pictures taken of the actual pad used in the 

rear seat pad setup use a 4 by 5-inch neoprene and ABS backing, whereas the final 

design will have a 4 by 8-inch setup as shown in the computer generated model in 

Figure 4.19.9.   

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

 

 
Figure 4.19.9: Final design of rear seat pad setup 

 

 Even though the rear seat pad can be adjusted in height and rotation, it also 

needed to be adjustable in depth.  To meet this need, a telescoping square tube design 

was used with a special “sliding face lock” to keep the pad at a fixed depth.  The 1.0-

inch square horizontal tubing of the seat frame acts as the outer telescoping tube.  

Wall thickness of the 1.0-inch square tubing is 0.049 inches; therefore, a 0.875-inch 

square tubing with 0.049-inch wall thickness was used as the inner telescoping square 

tube.  This simple design worked quite well, but a problem was encountered when 
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deciding how to fix the two telescoping tubes together in a desired position.  A setup 

similar to that used to attach the unicycle seat (Figure 4.18.5-a) to the seat frame 

could not be used (where a nut is welded to the external surface of the outer square 

tube over a hole to allow a screw to be threaded through and be tighten against the 

wall of the inner square tube).  If this kind of setup was used, the unicycle seat 

bracket mount (Figure 4.18.4) would not slip over the nut welded to the 1.0-inch 

square seat frame tube. 

 To overcome this obstacle, a sliding face lock was used to clamp the 

telescoping square tubes together from inside the tubes.  The exposed rear face inner 

telescoping square tube was welded to a small rectangular steel plate.  This plate 

acted as the mounting location for the notched stud of the rear seat pivot (Figure 

4.19.3-a).  The welded location of the notched stud was offset from the end face of 

the inner square tube.  This allowed room for a 0.25-inch hole to be drilled through 

the steel plate along the central axis of the inner telescoping square tube.  This hole 

was counter-bored, and accepted a 5-inch long socket head cap screw.   

The face of the opposite end of the inner telescoping square tube was cut at a 

45-degree angle.  A 5-inch long cap screw was long enough to protrude past the end 

of the angled face of the inner tube.  The screw was then threaded into a 0.875-inch 

square aluminum block.  One face of this block was also cut at a 45-degree angle, and 

was placed parallel with the angled face of the inner telescoping square tube as shown 

in Figure 4.19.10.  When the 5-inch long screw was tightened, the two 45-degree 

faces meet, and tend to slide along each other as the screw is tightened further.  The 

sliding action between the face of the aluminum block and the steel tube causes the 

distance between one set of opposing faces (between the block and tube) to increase.  

Therefore, when the two angled faces are not in contact with each other (as shown in 

Figure 4.19.10-a) the setup can easily be inserted into the 0.902-inch square opening 

of the horizontal tube of the seat frame (the outer square tube).  To lock the 0.875-

inch square inner telescoping tube in place, the 5-inch cap screw is tightened (Figure 

4.19.10-b).  This compresses one face of the inner square tube and one face of the 

aluminum block to opposite inner faces of the outer telescoping tube.  A sectional 

view of this sliding lock, inside the seat frame tube, is shown in Figure 4.19.11.  The 

inner steel tube is zinc plated for corrosion resistance.  Additional information on the 

overall assembly of the seat frame, unicycle seat, and rear seat pad is shown in Figure 
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4.19.12.  The circled numbers in this figure are in reference to the drawing’s bill of 

material found in Appendix H. 

a)  

b)  
Figure 4.19.10: Sliding face lock of the rear seat pad depth adjustment setup,  

a) bolt loose and unlocked, b) bolt tightened and sliding between faces 
 

 

Figure 4.19.11: Sectional view of the rear seat pad depth adjustment 
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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 some kind of upper body 

support.  Therefore, a thoracic support was designed to provide support to either side 

of the user’s chest, as well to their upper back.  The thoracic support also includes a 

section that bridges the user’s abdominal area.  However, this part of the thoracic 

support is not intended to be placed against the user’s body during normal use.  

Essentially, the thoracic support design provides a surrounding ring barrier to the 

upper body, and in turns, keeps the user in a properly aligned position for gait training 

purposes.  There is also a support for the sternum area, and this is discussed in 

Section 4.21. 

 In order for the user to enter from the rear, the thoracic support ring is opened 

to allow the user access to get into the Gait Master™.  Information about how the rear 

seat pad gets flipped down is discussed in Section 4.19.  In this case, instead of being 

flipped down like the seat, the thoracic support is opened like a book.  The left and 

right sides of the support swing outward, away from the two-track center column.  

The design of the thoracic support requires that the user be able to open and close the 

thoracic support while they are fully secured inside the Gait Master™.  Also, the 

frame that makes up the thoracic support must be able to be angled so that the front 

portion of the support goes in front of the abdomen area, and is located vertically 

lower than the rear thoracic pads that support the user’s upper back.  The angle made 

by the front and back pads is approximately 20 degrees in relation to the floor (xy-

plane), and is able to be adjusted in order to best fit a user’s body characteristics.   

 To accomplish the swing away and adjustable action of the thoracic support, 

an existing joint made by Mulholland Positioning Systems was modified.  This joint 

design is used on their Acrobat wheelchairs (Figure 4.20.1-a) to position an armrest 

(Figure 4.20.2-b).  A spring-loaded sliding pin and knob allows the armrest to be 

locked into multiple angled positions by aligning a bolt fixed to the sliding pin with 

various notches (Figure 4.20.2-a).  Also, there is a universal joint connecting the 

armrest to the chair allowing for two-axes rotation (Figure 4.20.2-b).   
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a)  b)  

Figure 4.20.1: An Acrobat wheelchair, a) overall view, b) hinge of armrest 

a)  b)  
Figure 4.20.2: Acrobat armrest hinge joint, a) locked and closed (hinge removed 

from chair), b) unlocked and opened (attached to chair) 
 

 The basic idea of the Acrobat’s armrest joint was modified for mounting to 

the center vertical column (which was later designed into the two-track column) of 

the Gait Master™.  A variant of the notched plate (Figure 4.20.2-a) is welded to a 

square tube that fits around the two-track (instead of being mounted to the two-track 

via a nut and bolt system).  This plate is depicted in Figure 4.20.3-a.  One plate is 

welded to the left side of the center column, and another plate is welded to the right 

side.  Figure 4.20.3-c shows the assembly of the left side bracket welded to the 

vertical square tube.  A sketch of the assembly of the joint, welded to the square tube, 

is shown in Figure 4.20.3-b.  A user pushes a round knob toward the joint in order to 

unlock the sliding pin from the notched plate.  This movement is just opposite of the 

direction of the Acrobat chair’s joint setup.  The reason for the opposite direction is to 

allow the tube frame of the thoracic support to be bent closer in proximity to the joint.  

Using this joint setup provides easy access by users to the joint’s locking and 
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unlocking mechanism.  It also allows the thoracic support to be swung out away from 

the user in order for the user to get in and out (Figure 4.20.4-b).  Finally, the series of 

notches in the welded plate allows the angle of the support to be varied (Figure 

4.20.4-c). 

a)  b)  

c)  
Figure 4.20.3: Modified Acrobat bracket, a) ratchet plate, b) close side view of 

assembled joint, c) overall side and top views of thoracic support 
 

a)  b)  

c)  
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Figure 4.20.4: Left side thoracic support movement about a torso via the modified 
Acrobat joint, a) closed and locked, b) unlocked and swung out, c) angle variation 

 

 The above design was later rejected because the joint had too many degrees of 

freedom.  A decision was made to use a simpler joint design that swung the thoracic 

support open using only one rotational axis.  Therefore, the exact same type of 

sliding-pin joint setup used for the rear seat pad joint (Section 4.19) was applied to 

this design.  The only difference between the rear seat pad joint and the thoracic 

support is that the notched stud is welded to a tube, instead of a flat palate (Figure 

4.20.5 verses Figure 4.19.4).  This setup allows easier access and operation of the 

thoracic support locking mechanism by the user.  The side tubes of the thoracic 

support swing away from the sides of the user to allow access into the device (Figure 

4.20.6).   

 
Figure 4.20.5: Thoracic support with rear seat pad type joint, closed and locked 

 

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

 

 The design configuration of the thoracic support still had to overcome two 

problems.  One problem was altering the angle of the support, and the other problem 

was how to mount it to the two-track.  To solve both of the above problems, a 

“heftier” version of the rear seat pad clamp blocks (Figure 4.19.7) was used, the 
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details of which are shown in Figure 4.20.7-a.  As evident in Figures 4.20.5 and 6, the 

thoracic support frame is made of tubing.  This tubing is steel, and zinc plated for 

corrosion resistance.  Also, two different sizes are used to permit telescoping action 

and allow for the width and depth of the thoracic opening 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 attachment point between the thoracic 

support and the two-track column.  The front section of the thoracic support (that 

bridges the user’s abdomen area) is comprised of a 0.875-inch outside diameter zinc-

plated tube with a 0.058-inch wall thickness.  This tube is surrounded by neoprene 

foam, which adds comfort for the user.  The thoracic clamp blocks are made of 

anodized aluminum, and firmly clamp the steel tube at the middle of its length 

(Figures 4.20.6 & 4.20.8).  An early version of the thoracic clamp blocks (Figures 

4.20.7-a & 4.20.8) had locations for six 0.25-inch socket head cap screws.  Figure 

4.20.7-a shows where the four corner screws were sunk into the face of one clamp 

block, and then threaded into the other block.  When tightened, these four screws kept 

the position of the 0.875-inch tube of the thoracic support fixed in relation to the 

clamp blocks.  The remaining two centrally located screws were also sunk into the 

face of one clamp block, and passed completely through the other clamp block.  

These two central screws were long enough to be threaded into nuts located within 

the two-track column, and kept the vertical location of the thoracic clamp blocks 

fixed.  Loosening and tightening of the cap screws allowed the angle of the thoracic 
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support to be altered.  Therefore, this clamp block setup solved the two problems of 

mounting and changing the angle of the thoracic support.   

 
Figure 4.20.8: Fully assembled thoracic clamp blocks with six screws 

 

 The above thoracic clamp block setup works great, with one exception.  In 

order to change the angle of the thoracic support, the two central screws clamping the 

blocks to the two-track need to be loosened along with the four corner screws.  

Therefore, when the angle of the support needs to be altered, the clamp block 

becomes vertically “loose” on the two-track.  This happens because the two screws 

that keep the blocks clamped to the two-track also clamp the blocks around the 0.875-

inch tube.  Even if all four of the corner screws were completely removed, the two 

center screws would still keep the rotation of the 0.875-inch tube fixed as long as they 

were securely fastened into their nuts within the two-track.   

 To solve this problem, the two holes for the center screws were drilled 

completely through at a diameter of 0.358 inches so the diameter of a #12 cap screw 

could pass completely through the counter-bored block of the previous design.  

Therefore, the heads of the two #12 cap screws could only fasten the threaded 

thoracic clamp block to the two-track column.  As a result, only the four corner 

screws need to be loosened and tightened to change the angle of the thoracic support.  

The screw size was changed from the 0.25-inch cap screw (0.375-inch head diameter) 

to a #12 cap screw (0.216-inch shaft diameter and 0.343-inch head diameter) in order 

for there to be room for the #12 cap screw head to rest on the threaded clamp block 

next to the 0.875-inch tubing running between the clamp blocks.   

 The new thoracic clamp block design worked perfectly.  However, after the 

change was made to rotate the two-track column by 90-degrees, the two center screws 

no longer had the slit of the two-track directly underneath them to contain their nuts.  

Therefore, another modification was made.  Two #12 cap screws were eliminated, 
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and two aluminum “L” shaped brackets were welded to the backside of the threaded 

clamp block as shown in Figure 4.20.7-b.  The internal distance between the two 

walls of the “L” shaped brackets is 1.11 inches, which is just wide enough to fit the 

1.1-inch square two-track.  A hole drilled on the long face of each “L” bracket is 

aligned with the side-facing the two-track slot.  Through these holes, a studded 

ratchet lever is inserted and threaded into a nut within the two-track slot (Figure 

4.20.9).  In this figure, the two-track and left side neoprene 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, the frame tubes of the thoracic 

support will telescope.  The 0.875-inch outside diameter tube, previously discussed 

for use with the thoracic clamps, has a 0.058-inch wall thickness, and is considered to 

be the outer telescoping tube.  The inner telescoping tube has an outside diameter of 

0.75-inches, and a 0.058-inch wall thickness.  Therefore, the inner tube slides 

smoothly inside the 0.759-inch inner diameter of the outer tube.  Both tubes are zinc-

plated steel to prevent corrosion.  This telescoping design feature is desirable because 

it facilitates the adjustable width and depth of the thoracic support.  The yoke and 

notched stud joint are both welded to the 0.75-inch tubing.  Also, the 0.75-inch tubing 

attached to the joint’s notched stud is inserted into the 0.875-inch tubing clamped by 

the center thoracic blocks.  The 0.75-inch tubing attached to the joint’s yoke is 

inserted into a curved 0.875-inch tubing (Figure 4.20.10).  The curved 0.875-inch 

tubing is also covered in neoprene foam for added comfort 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, a) adjustment slots,  

b) difference in minimum (left) and maximum (right) adjustments 
 

 Slots along the length of the 0.75-inch tubes allow for the inner and outer 

telescoping tubes of the thoracic support to be arranged in a variety of positions.  

These slots are located on the underside of the thoracic support, and are normally 

hidden from view (Figure 4.20.10).  Located over each slot is a 0.25-inch hole drilled 

through the outer tubing.  This hole provides an access point for a 0.25-inch socket 

head cap screw to be inserted and threaded into a cylindrical plug located within the 

inner tube.  A square washer with one face milled equal to the radius of the outer tube 

is located between the outer tube and head of the cap screw, and is shown in Figure 

4.20.11.  The screw is inserted into the inner tube via the long slot of the inner tube.  

Therefore, when the cap screw is loosened, the inner and outer telescoping tubes are 

free to slide over one another equal to the length of the slot.  The slots give the 

thoracic support a 9.5 to 15.75-inch width range, as well as an 8.25 to 11.25-inch  

depth range.   
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Figure 4.20.11: Underside of thoracic telescoping tubes with neoprene foam removed 
 

 The heads of the socket head screws are accessible by means of holes through 

the neoprene tubing shown in Figure 4.20.10-a.  In order for the user to easily find the 

socket head screws located within the thicker neoprene tubing on either side of the 

thoracic clamp blocks, hollow stainless steel spacers are used to raise the head of the 

cap screw off the face of the square washer.  This spacer is also shown on the left 

screw in Figure 4.20.11.  Depictions of the final assembly of the thoracic support, 

with and without the neoprene foam, are shown in Figure 4.20.12-a, & b.  To protect 

the user from the open rounded ends of the curved tubing, plastic tube plugs are 

inserted into the ends of the tube.  Neoprene foam covers the thoracic support, and is 

removed for illustrative purposes in figures to show hidden parts.  A close-up view of 

the completed thoracic support assembly (minus the foam tubing) is shown in Figure 

4.20.13, and an exploded view of the support is exposed in Figure 4.20.14.  Note that 

Figure 4.20.14 is a cropped view of the thoracic support’s bill of materials drawing.  

A complete drawing, with references made to the circled 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) as assembled,  

b) with thoracic neoprene foam removed 
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Figure 4.20.13: Thoracic support assembly with neoprene foam removed 

 

 
Figure 4.20.14: Exploded view of complete thoracic support assembly 

 

4.21 Sternum Support 

 

 The sternum support is the last design component of the Gait Master™.  This 

device prevents the user’s torso from bending into a slouched position, thereby 

keeping the body properly aligned for gait-training.  Few changes were made to the 

original sternum support design.  A slightly curved, but basically horizontal padded 

round tube is placed at the top exposed end of the two-track, and lies across the upper 

chest area of the user.  Additionally, the two-track was bent at an angle going toward 

the user’s chest to better position the support.  To connect the horizontal round tube to 

the two-track, the round tube was welded to a square tube that fits around and is 

clamped to the two-track.  An early depiction of the sternum 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 attached to the two-track 

 

 The round tube of the sternum support is steel with an outside diameter of 

0.875-inches and a wall thickness of 0.065 inches.  The square tube it is welded to is 

also steel, and is 1.25 inches square with a 0.049-inch wall thickness.  This allows the 

1.152-inch square inner opening of the square tube to smoothly fit over the 1.1-inch 

square end of the two-track.  The round and square tube weldment is zinc-plated to 

protect against corrosion.  To keep the sternum support fixed to the two-track, one 

button head cap screw is inserted into a hole in the square tube and then threaded into 

a nut inside the slot of the two-track.  Similar to the thoracic support, the round tube 

of the sternum support is covered in neoprene foam for user comfort.  Plastic end-

caps also protect the user from the otherwise exposed ends of the round tube.  

Computer and physical model views of the fully assembled sternum support are 

shown in Figure 4.21.2.  The only variation between the two models is the location of 

a 0.25-inch cap screw clamping the support to the two-track.  The computer view 

shows the final true orientation of the two-track slot.  A cropped, exploded view from 

the sternum support’s bill of material drawing is presented in Figure 4.21.3.  The bill 

of material’s circled numbers are referenced in Appendix H. 
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a) b)  

c) d)  
Figure 4.21.2: Sternum support final assembly, a & b) computer models,  

c & d) physical models 
 

 
Figure 4.21.3: Sternum support exploded view 

 



M. E. Steele 2005 106 

CHAPTER 5: FABRICATION 
 
 
5.1 Machine Shop 

 Mulholland Positioning Systems has a large machine shop where it makes a 

wide variety of parts for its various products.  Practically every part that goes into one 

of their units is made in-house.  Things such as nuts, bolts, washers, springs, wheels, 

etc. are bought.  Most of a unit’s parts are formed or machined by Mulholland, and 

sent out for paint or anodizing treatments.  Therefore, when new parts were fabricated 

for the Gait Master™ prototypes, Mulholland Positioning Systems hired more 

machinists, and rearranged its production schedule to meet the added demand.  The 

recourses that were tapped into in order to product the Gait 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 important final aspect in the 

product design phase.  User comments helped recognize potential difficulties over 

looked during the design stage that could arise from user interactions with the Gait 

Master™.  Suggestions obtained at user trial sessions were studied, and modifications 

were made in order to manufacture a more user friendly gait-trainer.   

 One way users were provided with the chance to tryout the prototype Gait 

Master™ was by sending prototype units to salesmen and distributors, as well as 

exhibiting it at shows and conventions.  One prototype was sent to David Glancy, a 

Mulholland salesman in the Detroit, Michigan area, and another unit was sent to the 

Pacific Supply Co. Ld. of Daito-shi, Osaka, Japan.  Therapists and patients who 

attended convention shows where the prototype Gait Master™ was on display were 

another valuable source of feedback.  When Gait Master™ prototypes were located at 

distributors and shows, therapists and patients were given the opportunity to get in 

and actually use this equipment. 

 One of the first concerns users expressed had to do with a slight tilt of the Gait 

Master’s™ frame when users leaned far to their left or right sides.  This excessive 

leaning caused a person’s center of gravity to shift in the unit.  As further discussed in 

Section 7.1, this leaning action was enough to offset the force applied to the 

compression springs and caused a slight tilt of the frame about a y-axis.  To correct 

this problem, a second cross support tube was welded to the left and right lower frame 

members, and this helped to prevent the Gait Master™ from tilting when the user’s 

center of gravity shifted.   

 Changes were also requested concerning different sizes of the thoracic and 

sternum supports.  Therefore, a larger version of the thoracic support was created that 

increased the width range by 2.5 inches and the depth range by 1.5 inches, as 

discussed in Section 9.2.  Additionally, a smaller version of the sternum support was 

requested, since the original sternum pad was slightly long for smaller individuals.   

Another sternum pad option was developed that was 2 inches less in length, and this 

is discussed in detail in Section 9.3. 
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 The last major request came from the Japanese distributor (Pacific Supply of 

Daito-shi, Osaka, Japan).  Because of the overall smaller stature and body size of the 

Japanese verses the American population, the Japanese distributor asked if the Gait 

Master™ could also be made in a narrower version.  Therefore, an option of the Gait 

Master™ will be to have an overall frame width 2 inches smaller (26 inches) as 

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

 

6.2 CE Mark Approval 

 In order for the Gait Master™ to gain wider acceptance in the European 

market, the CE (non-acronymic) mark approval is currently being sought.   

 The CE mark is the official marking required by the European 
Community for all electric and electronic equipment that will be sold, 
or put into service for the first time, anywhere in the European 
Community.  It proves to the buyer, or user, that this product fulfills all 
essential safety and environmental requirements as defined by the so-
called European Directives. (CE-Mark) 
 

 When CE mark approval is given to a specific product, the manufacturer gets 

the opportunity to sell the product to the entire European market via completion of 

this single approval process.   

 The Medical Directives Directory is a sub-category of the CE Marking 

Directive.  This category applies to all medical devices, whether they contain any 

electronics or not.  This is why the Gait Master™ requires a CE mark for the 

European market.  The CE marking being sought is Class 1, Annex VII (Cooke).   

 At this point, the application process for the CE mark has not been completed 

by Mulholland Positioning Systems.  It is anticipated that no changes will have to be 

made to the current Gait Master™ in order to satisfy the CE mark testing facility.  

However, if requested, changes will be made in order to obtain 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™ only had one cross member 

connecting the left and right sides of upper frame.  The lower frame was not 

connected on the left and right sides.  When a downward force (negative z-direction) 

was applied to the seat, both the left and right sides of the Gait Master™ would 

compress equally.  This would happen only if the user’s center of gravity was located 

approximately on the central yz-plane.   

 Some users of the Gait Master™ may not have sufficient upper torso control, 

and tend to lean to their left or right side.  Other users may get tired, and give their 

upper body a rest by leaning against the left or right thoracic pad.  Leaning to the side 

shifts the user’s center of gravity away from the central yz-plane.  If the user leans to 

one side and relaxes their leg muscles, an unequal force is applied to the left and right 

compression springs.  The coil spring on the side being leaned into will see a larger 

force and therefore compress more than the coil spring on the other side.  This uneven 

compression slightly tilts the Gait Master™ about a y-directional axis.  The user 

might notice this tilt, and feel less secure in the unit.  Even though the tilt of the unit 

did not make the Gait Master™ structurally unstable, users might not use the unit to 

its fullest extent due to an insecure feeling when relaxing in the unit.   

 To eliminate the tilt between the left and right sides, a lower cross support 

tube was connected to the left and right sides of the lower frame.  This design makes 

it unlikely there will be any significant difference in the compression forces between 

the left and right compression springs.  The lower support tube is similar in shape and 

structure to the “U” tube, except that it is positioned at a tilt about the x-axis.  The 

support tube protrudes forward and up off of each front face of the lower frame, and 

then turns inwards to meet itself.  This lower support tube crosses the front of the Gait 

Master™ in front of the upper thigh area in a location that does not impede normal 

gait-training leg movement.  An example of the Gait Master™ 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 cross support tube,  

b) with the lower cross support tube 
 

7.2 Optional Wider Stance 

 It was decided that the Gait Master™ would later be available in two different 

overall caster leg widths.  The typical width is 28 inches, and an optional feature 

allows the overall front leg width to increase to 31.9 inches.  The rear caster leg 

overall width remains at 28 inches even with the wider front leg option.  The normal 

position of the front legs is at a 10-degree outward angle from the yz-plane, and the 

wider stance option positions the front legs at an 18-degree outward angle.   

Placing front caster legs at a wider stance increases the stability of the Gait 

Master™.  However, as discussed in Section 7.1, the reason to increase the front leg 

width was not a structural one.  Instead, it was more of a confidence booster for the 

user.  Users felt much more secure when seeing the caster legs at a wider stance.  

Adding a second leg-lock pin to each of the front caster legs allowed the caster legs to 

increase in total width.  These pins acts in the same way as the pins already in place 

to keep the caster legs locked at an outward position.   

However, the second set of locking pins allows for a second locking position 

for the front legs, thus allowing the legs to be rotated even further outward.  

Depictions of the Gait Master™, with and without these pins, are shown in Figure 

7.2.1.   
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                  a)  

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 length to allow for easier exit from 

the Gait Master™.  During the exiting process, the user positions the Gait Master™ 

(with themselves inside of it) so the rear of the unit is directly in front of a fixed chair.  

The chair is what the user is going to transfer into from the Gait Master™.  During 

the transfer procedure, the rear seat pad is swung down from the vertical locked 

position.  This allows the back the Gait Master™ to be completely free of 

obstructions (after the thoracic supports have been unlocked and opened, too).   

Typically, a user will want to get as close to the fixed chair as possible in 

order to make the transfer into the chair as easily and safely as possible.  If the Gait 

Master™ is positioned too close to a chair, the rear seat pad cannot swing all the way 

down as shown in Figure 7.3.1.  This is not a serious problem because the pad can 

also act as a type of guide and slide for moving between the Gait Master™ and down 

into the seat of the fixed chair.  The original rear seat pad was four inches wide and 

five inches long (as shown in Figure 7.3.1).  If the position of the rear seat pad was 

placed near the end of the support bar it is connected to, the pad tended to slightly 

catch the user’s rear inner thighs as the user lowered them self into the chair.  

Therefore, the length of the seat pad was increased to 8 inches 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 gas spring release handle at the 

apex of the “U” tube in front of the user.  However, a revised design placed the 

handle at a new location.  The handle is located directly in front of the user, and 

attached to the lower cross support tube as shown in Figure 7.4.1.  This new location 

still offers easy access to the lever, but now the handle is vertically positioned instead 

of horizontally positioned.  Additionally, the wire cable conduit is mostly hidden by 

running them inside the lower cross support tube and down the front caster legs.  This 

setup eliminates the possibility of the loose wire cable conduit interfering with the 

user.  Additionally, if desired, the upper frame can be completely removed from the 

lower frame.  With the earlier prototype, the upper frame was connected to the lower 

frame by the wire cables.  Now, the cables are located only on the lower frame.  Also, 

this new setup is cheaper to produce because the length of wire cable required for the 

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

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

 As mentioned in Section 4.16, and shown in Figure 4.16.5, the orientation of 

the two-track changed after the first prototype Gait Master™ was built.  The two-

track was rotated 90-degrees about its own central vertical axis from its original 

position (shown in Figure 4.16.5-a) to the position shown in Figure 4.16.5-b.  

Rotating the two-track offered a slightly larger value for the cross-section moment of 

inertia.  Using Hook’s Law and the Parallel Axis Theorem, moments of inertia of the 

two-track were found about the A and B axes as shown in Figure 7.5.1.  Due to the 

placement of the seat on the seat frame, a large moment is placed on the two-track 

when the user sits or places their weight on the seat.  Stresses in the two-track are 

consistent between the two orientations, except for the stress caused by bending.  This 

occurs because the moment of inertia value is different between the two positions.  

The first prototype was made with the bending moment about the A-axis.  Later 

designs placed the bending moment about the B-axis.  Moment of inertia calculations 

used the dimensions shown in Figure 7.5.1.  The 1.105+/-0.006-inch values were 

changed to 1.10 inches for calculations, and all radii were ignored.  Design criteria 

suggested the two-track should be orientated in such a way as to have the greatest 

moment of inertia value.  The two-track’s moment of inertia values about the A and 

B-axes are 0.080255 inches cubed and 0.104831 inches cubed respectfully.  Therefore 

the final orientation of the two-track placed most of the bending stress about the B-

axis.  This meant that the A-axis is now perpendicular to the user’s chest.  Moment of 

inertia calculations about both axes are shown in Appendix E. 

 
Figure 7.5.1: Two-track cross section with moment of inertia axes 

A 

B 
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CHAPTER 8: TECHNICAL DATA 
 
 
8.1 Overall Width 

 One very important design specification of the Gait Master™ was that it had 

to be able to fit through doorways.  Not all door widths are equal.  However, as stated 

in the Section 4.13.5 of the “ADA Standards For Accessible Designs”, “Doorways 

shall have a minimum clear opening of 32 in (815 mm) with the door open 90 

degrees, measured between the face of the door and the opposite stop” (Department, 

527).  This guideline is for all “accessibility to places of public accommodation and 

commercial facilities”, as stated in the Purpose of Appendix A (Department, Sec. 1, 

492).  A depiction of the width requirements is shown in Figure 8.1.1.  The Gait 

Master™ was designed in accordance with these regulations, yet it is not uncommon 

to have doorways in older buildings or residential homes that are less than 32 inches.  

Therefore, the max width of the Gait Master™ (with the front and rear caster legs 

both at a 10-degree outward position) is 28 inches (Figure 8.1.2-a).  This width is able 

to fit through most common thresholds while still providing stability to the user.  If a 

Gait Master™ user wishes to have slightly wider width, an optional design is to have 

the front casters positioned at an 18-degree outward angle.  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, Fig. 24) a) detail,  

b) hinged door, c) sliding door, d) folding door, e) maximum doorway depth 
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a)  b)  
Figure 8.1.2: Gait Master™ overall width, a) front legs at a 10-degree outward angle, 

b) front legs at an 18-degree outward angle 
 

8.2 Ridge Length 

 The rigid length of the Gait Master™ is the measurement from the front most 

fixed part to the furthest back fixed part.  Casters are not included in this 

measurement because they can swing about their vertical (z) axis, making the rigid 

length variable.  The rigid length is 33.7 inches, measured from the front bumper 

wheel to the rear bumper wheel (Figure 8.2.1).  Based off of the four “rigid” locations 

of the four bumper wheels (with 10-degree outward front leg setup), the minimal 

turning diameter of the Gait Master™ is 42.5 inches (Figure 8.2.2-a).  As stated in 

Section 4.2.3 of the “ADA Standards For Accessible Designs”, “The space required 

for a wheelchair to make a 180-degree turn is a clear space of 60 in (1525 mm)” 

(Department, 505) (Figure 8.2.2-b).  Therefore, the Gait Master™ can easily turn 

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

 

 
Figure 8.2.1: Rigid length 

 

28” 31.9” 

33.7” 
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a)  b)  

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

 

8.3 Footprint 

The Gait Master™ was designed to take up the same allowable floor space 

allocated for a normal wheelchair.  This space is the rectangle formed by the width of 

and length of the Gait Master™ as it is rolled forward.  The width used for the 

footprint measurement was 28 inches (Figure 8.1.2-a), and the length used was 

slightly longer than the rigid length because of how the casters track and stick out 

behind the rear bumpers when the unit is pushed forward.  The footprint length 

measured on the Gait Master™ was the distance from the front most point of the 

bumper wheel to the furthest back point of the rear caster as shown in Figure 8.3.1.  

This distance is 35.8 inches as measured with the front caster legs at a 10-degree 

outward angle.  Therefore, the Gait Master’s™ rectangular floor space of 28 by 35.8 

inches is within the ADA’s requirement of 30 inches by 48 inches as noted in Section 

4.2.4.1 of the “ADA Standards For Accessible Designs”, Part 36 Appendix A of the 

“Code Of Federal Regulations” and shown in Figure 8.3.2 (Department, Sec. 4.2.4.1, 

506).   

42.5” 
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a)  
Figure 8.3.1: Gait Master’s™ footprint length 

 

 
Figure 8.3.2: Minimum clear floor space for wheelchairs (Department, 508, Fig. 4), 

a) clear floor space, b) forward approach, c) parallel approach 
 

8.4 Wheelbase 

 The wheelbase measurement of the Gait Master™ is similar to the wheelbase 

measurement of a car.  By definition, a wheelbase is the distance from the front wheel 

axle axis to the rear wheel axle axis.  The Gait Master™ has a wheelbase of 27.9 

inches as measured when the unit is pushed forward (+y-direction).  This wheelbase 

is 1.7 inches longer, and thus more stable, than the leading competitor’s Meywalk 

(Chapter 12).  See Figure 8.4.2 for a visual representation of the Gait Master’s™ 

wheelbase.   

35.8” 
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Figure 8.4.1: Gait Master’s™ wheelbase 

 

8.5 Unit Weight 

 The weight of the Gait Master™ prototype, after the addition of the lower 

cross support tube, was 44.4 pounds.  Overall weight of the unit was considered 

throughout the entire design process.  However, safety was not compromised in order 

to reduce weight.  As discussed in Section 12.1, the Gait 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™ was set at 190 pounds for 

the current model.  The limiting factors for setting the weight limit were the designs 

used for the “U” tube (Appendix A), two-track (Appendices B, C, & E), seat frame 

(Appendix D), and the caster legs (Appendix F).  As stated in the Appendices, all of 

these features can withstand a 190 to 200-pound user.  The 190-pound weight limit is 

between the 50th and 95th percentile of U.S. adult male body weights of 171.6 and 

224.4 pounds respectfully, and is just under the 95th percentile U.S. adult female body 

weight of 195.8 pounds (MacLeod, 95). 

 

8.7 Seat Height 

 Seat heights vary considerably on the Gait Master™.  For example, the lowest 

height from the floor to the top middle part of the seat is 14 inches.  This dimension is 

created when the gas springs are completely extended, the coil springs are not 

compressed by anything other than the weight of the upper frame, the crank knobs are 

turned clockwise to their fullest rotational extent, the seat frame is lowered as much 

as possible on the central vertical column, and the central vertical column is lowered 

all the way on the upper frame.  The maximum height of the seat is 36 inches as 

27.9” 
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measured from the floor.  To reach maximum height, gas springs are completely 

extended, coil springs are not compressed by anything other than the weight of the 

upper frame, the crank knobs are turned counterclockwise to their fullest rotational 

extent, and the seat frame is slid up the central vertical column until the seat frame is 

in contact with the central square tube of the upper frame.  According to MacLeod, 

the 50th percentile adult U.S. male and female floor to tailbone height is 37.2 and 35.2 

inches respectfully (95).  The Gait Master’s™ seat range from 14 to 36 inches will 

accommodate about half of the U.S. adult population.  Having a seat positioned much 

higher on the current model would result in a high center of gravity, and make it 

unstable. 

 

8.8 Sternum Support Height 

 The height of the sternum support varies widely as well.  Depending on the 

user’s preference, the sternum support can be positioned against the body in several 

locations.  Positioning is typically below, across, or just above the pectoral area.  

Height measurement of the sternum support is from the floor surface to the vertical 

center of the round sternum pad.  The minimum height of the sternum support is 35 

inches, and the maximum height is 60 inches.  The Gait Master’s™ frame setup for 

the minimum and maximum heights is the same as the frame setup previously 

described for the minimum and maximum seat height measurements.   

 

8.9 Thoracic Support 

 The thoracic support can be adjusted in three main ways.  Adjustments can be 

made to the width, depth, and angle that the padded support arms are positioned in 

relationship to the floor.  Adjusting the thoracic telescoping tubes changes width and 

depth distances of said support.  Chest width of the thoracic support ranges from 9.5 

to 15.75 inches as measured between the innermost surfaces of the left and right side 

pads (Figure 8.9.1).  This width range will fit over 95% of U.S. adult females, and 

almost 95% of U.S. adult males (MacLeod, 95).  Chest depth ranges from 8.25 to 

11.25 inches as measured between the innermost surfaces of the front and back pads.  

This depth range will fit over 50% of U.S. adults (MacLeod, 95).  The suggested user 

chest depth is two inches less than the actual thoracic ring’s depth because the front 

of the user’s chest is not intended to be placed against the front thoracic ring.  The 
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thoracic support can also be adjusted to any angle chosen by the user as shown in 

Figure 8.9.2.  This allows the back pad of the thoracic support to be positioned at 

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

 
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™ is approximately $3,500.  This 

amount covers materials, machining, finishing, and fabrication costs along with a 

portion of the deign cost.  Depending on whether a customer, dealer, or insurance 

company purchases the Gait Master™, the price can be adjusted appropriately.   

Gait Master’s™ retail selling price is slightly more than the leading 

competition: the Meywalk 2000 by Meyland-Smith A/S, and the Movita by Elmi 

(discussed in Chapter 12).  The retail price for the medium and large Meywalk 2000 

is $2,997 (Pacific 2), and the retail price for the medium and large Movita is $3,299 

(Mulholland 1).  As shown in Chapter 12, the Meywalk and Movita are basically 

identical designs.  The price for the Gait Master™ is a few hundred dollars more than 

Width 

Depth 
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the comparable Meywalk and Movita models.  However, the Gait Master™ has many 

more design features that make it a better value to purchase.   
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CHAPTER 9: FUTURE MODELS 
 
 
9.1 Youth Model 

 Mulholland Positioning Systems plans to design and manufacture a smaller 

version of the Gait Master™.  Even though the current Gait Master™ model can 

accommodate a 50-pound child with a 21-inch inseam, an overall smaller frame 

version would better “fit” a child’s physical dimensions.  The overall appearance of 

the frame will be the same as that of the larger Gait Master™ version, but will use 

lighter gauge material, be less in overall height, and have a smaller footprint.  The 

smaller version will not have lockable gas springs like the adult version.  Because the 

side frame height of the child’s version is considerably less than the adult’s side 

frame, there is not enough room to have both gas springs and coil springs.  Coil 

springs will be used in the smaller version because they offer important dynamic 

weight relief, whereas gas springs are more of a convenience item to help position the 

seat.  Design details for the child version of the Gait Master™ will be completed at a 

later date by Mulholland Positioning Systems, and are not a part of this research or 

thesis.   

 

9.2 Thoracic Support 

 The thoracic support needed to be able to fit a wide variety of users.  

Therefore, another version of the thoracic ring was made to fit a larger thoracic width 

and depth.  The current model discussed in Section 8.9, has a width and depth range 

of 9.5 to 15.75 inches and 8.25 to 11.25 inches respectively.  In order to fit a larger 

thoracic size, another version of the thoracic support was designed.  This new version 

is not a replacement, but instead, it provides the customer with an option of which 

thoracic support size best suits their needs.  The second version has a width range of 

12.0 to 18.25 inches, and a depth range of 9.75 to 12.75 inches.  The design of the 

larger thoracic support is the same as the smaller thoracic support, except the length 

of the telescoping tubes was increased to accommodate a larger width and diameter 

range.  The small and large versions of the thoracic support are interchangeable.  A 

customer can own one Gait Master™, and can operate it with multiple users with 

different thoracic support needs.  Changing the thoracic supports from one size to 
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another is easy and includes these four steps: (1) loosen and slide out the two-track 

column from the upper frame, (2) loosen and slide out one thoracic support, (3) slide 

on and tighten the new thoracic support, and (4) replace and tighten the two-track to 

the upper frame.   

 

9.3 Sternum Support 

 The sternum support pad consists of a straight tube with curved ends as shown 

in Figure 4.21.2.  The pads on the support help cushion the upper chest when a user 

leans forward when secured in the Gait Master™.  While some adults may find the 

current width of the sternum support tube suitable to meet their needs, other adults 

may find it to be too cumbersome.  Therefore, a smaller version of the sternum 

support was made that has a support tube length that is 2 inches smaller than the 

larger version, for a total length of 8 inches.  Just like the two sizes of thoracic 

supports, customers can order sternum supports that best meet their individual needs.  

Also, sternum supports are very easy to interchange on a single Gait Master™ by 

loosening and tightening just one socket head cap screw.   

 

9.4 Overall Width 

 Mulholland Positioning Systems is very interested in marketing the Gait 

Master™ overseas, especially to Japan.  Because of the common differences in body 

stature, the overall frame width of the Gait Master™ was decreased by 2 inches to 

better accommodate smaller Japanese body dimensions.  This design change makes 

the adult Gait Master™ available in either the standard 28 or 26-inch frame width 

size.  All other features, functions, and options remain constant between the two 

model sizes.   

 



M. E. Steele 2005 124 

CHAPTER 10: NEW INVENTORY CLASSIFICATION 
 
 
10.1 Part Numbers 

 Part numbers are extremely important in the organizational process at 

Mulholland Positioning Systems because they are a good indicator as to what the part 

is and where it is used.  Examples of part numbers are: 102-502, 102-502-04, and 

405080063.  The “###-###” or “###-###-##” pattern includes one or more dashes to 

designate that a part is made internally by the company’s machine shop.  It also 

specifies on what product and in what section of the product the part is used.  The “-

##” ending refers to a specific part drawing.  Long part numbers with no dashes in 

them, like 405080063, specifies that the item was a purchased part, such as raw 

material or hardware.  A number like 102-502 (without any “-##” ending) indicates 

that the item is made up of other sub-parts.  These sub-parts contain the parent part 

number, 102-505, and also have a suffix like -01, or-02, -03, etc.  Dashed part 

numbers will have a “callout” for a non-dashed number.  This shows what specific 

raw material the part is made from.  An example of the relation between part numbers 

is shown in Figure 10.1.1, which is a weldment drawing of 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 number is assigned to it so the part 

can be added to the inventory of parts already being made by the shop.  Additionally, 

for each new part, a bill of material for that part is created.  If a new type of raw 

material is purchased in order to make the part, an additional new part number is 

created to specify that new raw material.   

 Not just any new part number could is used for the new raw material.  A 

specific number is chosen in accordance with the material’s characteristics and 

specifications.  For example, a 1/4-20 by 0.75-inch long socket head cap screw has a 

part number of 4060140112, and a 1/4-20 by 0.875-inch long socket head cap screw 

has a part number of 4060140114.  If a new item is added to the inventory system that 

was a 1/4-20 by 0.8125-inch long socket head cap screw, it would be assigned the 

product number of 4060140113 (Note that the “113” ending of the new product 

number is between the other two product numbers).  This part numbering system 

takes into account the length of the new bolt as being between the lengths of the other 

two bolts already in the system.  Also, the “113” ending was not previously used 

because it was “pre-assigned” to that particular bolt setup.  This is because for each 

0.0625-inch increment of the bolt’s length, the product number increases by one.  So 

the “113” number was automatically skipped when the other bolts were entered into 

the system.  Therefore, care must be taken when entering in new product numbers to 

make sure consistent and understandable coding is used.  For every new part and 

component of the Gait Master™, this author created new part numbers in accordance 

to Mulholland’s part numbering system.   

 

10.2 Bill Of Material Numbers 

 In addition to all new parts needing part numbers, all new bill of material 

documents needed numbers too.  The bill of material number classifications is much 

simpler to understand because the number is actually built right into the part number.  

For example, several components are used in the left rear leg.  It has a caster, levers, 

nuts, bolts, and various other parts.  When all of the hardware type pieces are 

excluded from the assembly, only the parts made by the machine shop are left.  All of 

those parts fall under the “102-505-##” series of drawings.  Therefore, the bill of 

material assembly for the rear left leg is 902-505L.  One important change is the use 
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of the “902” suffix, and this indicates that it is a bill of material number.  The “505” is 

left alone so the location (left rear leg of the Gait Master™) of the bill of material 

parts is known.  The “L” (or sometimes an “R”) is added on to the end of the number 

when necessary to designate between “Left” and “Right” sides.  The 902-505L bill of 

material lists all manufactured parts plus all necessary hardware for the assembly of 

the Gait Master’s™ left rear leg.  The entire Gait Master™ has a parent bill of 

material number that is less descript (902-260100), and lists all of the sub-bill of 

material numbers (or sub-assemblies) that the final product is composed of, along 

with the necessary hardware to connect all sub-assemblies together.   

 

10.3 DBA Manufacturing 

 Database Accounting (DBA) Manufacturing is a small business software 

program produced by DBA Software Inc. and is aimed at manufacturers and job 

shops.  It provides the core functions that are required to run a business.  Mulholland 

Positioning Systems uses DBA Manufacturing software extensively to help organize 

and keep track of items such as: inventory, work orders, bill of material lists, sales 

orders, customer information, and accounting records.  Every single part used to 

make the Gait Master™ was entered into Mulholland’s DBA system by this author, 

and included documenting numbers, names, descriptions, material components, 

amounts and types of raw materials used, and to what bill of 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 show machinists important 

design detail specifications.  Therefore, a part drawing for every single component 

(besides common hardware) was created.  The program SolidWorks was used to 

create computerized part drawings of all parts.  Usually, one or two parts were 

specked out on the same printed page.  The drawing for a specific part consisted of 

one to four views of the part that best depicted the part’s aspects.  Then, views of the 

part had to be dimensioned in a clear and concise way to ensure proper formation of 

the physical part.  Each part drawing contained: line sketches with dashed hidden 

lines in several different views, dimension callouts, material type, finish, part 

numbers and names of shown items, and if needed, special instructions to the 

fabricator.  In all, this author created 49 part drawings for the Gait Master™, and are 

included in Appendix G.   

 

11.2 Weldment Drawings 

 Weldment drawings are similar to part drawings.  Part drawings are 

commonly used for parts that are made out of one piece of material (such as a tube 

with holes drilled into it or a piece of milled aluminum).  Weldment drawings consist 

of parts that are welded together.  In addition to everything shown on part drawings, 

weldment drawings show part names, numbers, and material types of all component 

parts in the weldment.  An example of a weldment drawing is shown in Figure 10.1.1.  

This author created a total of 11 weldment drawings for the 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, drawings with a visual 

representation of the component parts of a bill of material that make an assembly.  An 

exploded view of an assembly was created using SolidWorks’s assembly program, 

and then the view was imported into the SolidWorks’s drawing program.  Bill of 

material drawings rarely contain any dimensional aspects of the assembly as 
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compared to part or weldment drawings.  The main purpose of assembly drawings is 

to show individual parts and where parts are used in a specific assembly.   

Bill of material drawings are very useful when someone in the factory 

assembles a Gait Master™.  Drawings show how each component needs to be 

installed for proper assembly.  This is done by adding guidelines between the parts on 

the sheet to show in what order, and were each part goes.  Additionally, there is a 

typewritten list of every part needed along with its corresponding part or weldment 

number, how many parts are required for the particular assembly, and callout 

numbers.   

Bill of material drawings are also included in the Gait Master™ manual.  

These drawings provide customers and dealers with a way to view and order 

replacement parts to help get the exact part numbers needed.  Also, drawings help 

save time with trying to figure out what a customer wants, and helps avoid 

discrepancies between the desired item and the part that actually gets sent out for 

replacement.  This author created a total of 11 bill of material drawings for the Gait 

Master™, and are shown in Appendix H.   

The callout number is part of a sequential set of numbers.  The first written 

line item on the bill of material list is assigned the number one; the second line item is 

number two, and so on until the end of the list.  These numbers match up “floating” 

numbers located in the exploded view of the assembly, and arrows point from the 

floating numbers to the visual representation of the parts noted in the written list.  

This makes it very easy to match parts with their respective names and part numbers.   

As discussed in Section 10.3, the DBA manufacturing system is used to 

organize the bill of materials.  It is extremely important to match the DBA’s bill of 

material numbers (refer to Section 10.2) to the ones used in the bill of material 

drawings crated by SolidWorks.  In the DBA program a bill of material is also 

created.  This bill of material is a very detailed list of all assemblies, parts, and 

amounts of materials needed to build the Gait Master™.  The DBA version of the bill 

of material is shown in Appendix I, and was initially inputted into DBA by Larry 

Mulholland.  However, with many changes occurring throughout the design project, 

this author continuously updated the DBA’s bill of material 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 Gait Master™.  It describes all 

the information, functions, and safety concerns of the unit.  It also provides important 

warning and operational information that Gait Master™ users are required to read 

prior to operating the device.  This helps to promote user safety, and shows users how 

to correctly operate the unit.  A sticker placed on the frame of the Gait Master™ tells 

users that they are required to read the user’s manual before operating the device.  

The user’s manual provides detailed descriptions and pictures about how to get in, 

operate, get out, adjust, and store the unit.  The user’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 for distribution to customers, 

therapists, or anyone who wanted to know more about this new product.  

Additionally, this brochure will be sent to along with the material required for CE 

mark approval.  The brochure contains four sections: a cover page, a features page, a 

benefits page, and a specifications page.  It was printed front and back on 11 by 17-

inch paper by a professional printing company.  After printing, the brochure was 

folded in half the long way, making it the size of a normal 8.5 by 11-inch piece of 

paper.  Chris Mulholland and this author created the brochure as a team.  Chris 

focused on the layout and wording on the front, features, and benefits sections.  This 

author created all the photographic images and details for the specifications section.  

The brochure is shown in Appendix K.   
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CHAPTER 12: SIMILAR PRODUCTS 
 
 
12.1 Comparison Criteria 

 A wide range of devices are available on the market today that are designed to 

assist in gait-training or getting around on two feet.  In order to discuss products 

relevant to the Gait Master™, the field of choices was narrowed down in several 

ways.   

First, the device had to be completely human powered.  That meant no 

electrical components could be used.  Products that use electricity tend to be heavy 

due to electric motors used to assist in lifting a user into and out of a standing 

position.  One goal of the Gait Master™ was to have it be lightweight, so no motors 

were used. 

 Second, only models that could accept an occupant weight of at least 130 

pounds were chosen.  This weight was chosen because it defines devices that can be 

used by adults.  A rough average weight for a 20 to 29-year-old female is 132 pounds 

(Halls).  Many companies have up to four or five sizes of gait-training devices to 

cover users from toddlers to large sized adults.  When picking a company’s device for 

comparison, only the smallest gait-trainer that accepted a 130-pound user was chosen.   

 There were several main reasons for the choice of the 130-pound minimum 

rating.  The current Gait Master™ setup is designed for a young-adult to adult user 

who can use the device without any assistance.  The comparison weight limit was set 

to narrow the field of choices to those designed for young-adult to adult users.  

Secondly, it was thought that adult users would have a greater aptitude to perform 

independent/out-of-clinic gait-training exercises verses younger children.  This 

restriction does not suggest that the devices chosen for comparison cannot be used by 

a child (someone under 130 pounds).  Some units have wide ranges regarding what 

kinds of users can operate the devices.  Additionally, many companies have carbon 

copies of the adult units, but “downsized” them to better suit a smaller body.  Using a 

consistent 130-pound user weight rating kept device size choices consistent between 

companies.   

 The last universal restriction was that the unit had to offer complete “hands 

free” operation while the user was using it to walk around.  Use of the hands to assist 
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in getting in and out of the unit was permitted.  This eliminated the very large field of 

hand-held or assistive-walker type devices (Figure 2.3.1) where use of the hands and 

arms are necessary to support some of the user’s weight while they walked.   

 In all, eleven other gait-training devices were selected for comparison to the 

Gait Master™.  These choices are the most commonly used gait-training products that 

meet the above criteria.  The following attributes were 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 alphabetical order by model 

name) showed similarities to the characteristics of the Gait Master™.  A comparison 

between the Gait Master™ and its competition is shown in 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.l 
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. 
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Table 12.1.1: Comparison between similar products 

 
 

12.2 Chief Competitors 

 The Meywalk 2000 by Meyland-Smith A/S and the Movita by Elmi are the 

chief competitive models for the Gait Master™ in today’s market.  The other gait-

trainers were eliminated from this comparison because they did not have as many of 

the common features of the Gait Master™, Meywalk and Movita.  Some of the major 

reasons why other products were discarded were due to: 

·  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 transportation 

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

three other models showed the highest level of similar attributes as the Gait Master™.  

Of the nine attributes of the Gait Master™ (with 10 being the highest number of 

attributes and the exclusion of weight of the device), only the Meywalk (seven 

similarities), Movita (seven similarities), and Walkabout (eight similarities) came 

close to the Gait Master™.  The next highest-ranking models had only four 

similarities with the Gait Master™.  The total number of attributes a particular model 

has is shown in the last row in Table 12.1.1.  The Walkabout was not selected as a 

competing model because it is made by the same manufacture as the Gait Master™.   
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 The Meywalk and Movita models are very similar in design and function as 

shown in Figure 12.2.1 and also in Table 12.1.1.  The only easy way to tell the 

difference between the two is to look at the lower frame structure near the floor 

between the wheels.  The Movita’s tubular frame is slightly arched, while the 

Meywalk’s frame is straight.  There is a story behind the German company who 

originally designed and produced the Meywalk.  Apparently, the German company 

annoyed an Italian company to the point where the Italian company decided to split 

relations with the German company and make their own Meywalk type device (the 

Movita).  The Meywalk was not patented, so the Italian company had free rein to 

make their own carbon copy of the Meywalk.  Therefore, in design and function, the 

Movita and Meywalk are considered to be the same device in this thesis.  For this 

reason, the Gait Master™ was only compared to the Meywalk in a detailed evaluation 

(Section 12.3), since the Movita is essentially the same design for all practical 

purposes.   

a)  b)  
Figure 12.2.1: Side by side comparison, a) Meywalk medium and large (Meyland-

Smith 2), b) Movita adult (Elmi 2) and junior (Elmi 3) 
 

12.3 Gait Master™ Verses Meywalk 

 The Gait Master™ and Meywalk are similar in many ways, yet still very 

different in others.  A side by side comparison of the Gait Master™ and Meywalk 

models is shown at the end of this section in Tables 12.3.1 & 12.3.2.  The following 

discussion explains more in depth of what is found in the tables.   

 One of the major selling points of the Gait Master™ is the ability for the user 

to not need assistance in order to use the gait-trainer, especially while getting in/out 

and securing themselves into the unit.  The Gait Master™ utilizes latches for the 
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upper back pads and seat back pad that can be operated by the user while in the unit.  

These latches automatically lock into position while being closed.   

Meywalk users are unable to get in/out of the unit without the assistance of 

another person.  To get the user from a sitting to standing position (and visa versa), 

the Meywalk uses a 4-bar slider mechanism that has to be operated by an assistant.  In 

contrast, the Gait Master™ utilizes lockable gas springs to assist in the lifting and 

lowering process.  The user can easily operate the gas springs by use of a lever, which 

is located in front of the pelvic area.  Therefore, an assistant is not required by a Gait 

Master™ user if body strength and coordination is sufficient as determined by a 

professional. 

 The Gait Master™ is less confining in the way that the tubular frame is 

designed.  While in use, the Gait Master™ does not have any cross-members that 

restrict foot movement in front of or to the rear of the unit.  The Meywalk has a 

horizontal obstruction limiting leg flexion.  Four swivel casters in the Gait Master™, 

instead of two swivel casters as in the Meywalk, allow the user to easily maneuver the 

device.  The Gait Master™ has a zero turning radius, and can be easily maneuvered 

from side to side.  In contrast, the Meywalk cannot perform either of these 

maneuvers.  The sternum and thoracic supports of the Gait Master™ are attached to 

the main frame by the two-track center column.  Therefore, arm-swinging motions are 

not restricted as much as compared to the Meywalk, where the sternum and thoracic 

supports are connected from the side of the main frame.   

 The Gait Master™ weighs approximately 44.4 pounds, which is over 10 

pounds less than the large and medium size Meywalks (55.1 and 57.3 pounds 

respectfully) (Meyland).  The rigid frame length of the Gait Master™ is about 3.7 

inches shorter than both of the Meywalk models of 37.4 inches (Meyland).  However, 

the distance between the front and rear wheel axles (wheelbase) of the Gait Master™ 

is 27.9 inches, which is 1.7 inches longer than that of either Meywalk model.  The 

larger wheelbase makes for a more stable frame.  The 28-inch width of the Gait 

Master™ is only 0.5 inches more than the Meywalks (Meyland), and another version 

of the adult model Gait Master™ is 2 inches shorter in width than the current Gait 

Master™ model.  Additionally, if the option is chosen were the Gait Master™ comes 

with two different setting for the outward caster leg angles, then the width can be 

extended to 31.9 inches, surpassing Meywalk’s width of 27.5 inches.   
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 The Gait Master™ can accept a very wide range of users, and was designed 

for a target audience of late teens to adults.  However, it can also be configured to 

accept many sizes of children.  For example, a 50-pound child with a 21-inch inseam 

is able to comfortably use the Gait Master™.  This would be impossible to do with 

the adult versions of the Meywalk.  A future smaller version of the Gait Master™ will 

have fewer features (such as the assisted gas spring lifts) whose target population will 

be smaller children.  A smaller overall frame size will make the Gait Master™ more 

comfortable for a small child to use. 

 Adjusting the seat height, while a user is in it, is extremely easy on the Gait 

Master™.  There are two ways of doing this, one is to use the lockable gas springs 

and the other is to use the crank knobs.  The gas spring’s main function is to assist in 

relieving the user’s weight as they transition to a standing position.  Gas springs are 

lockable, meaning that the overall length of the springs can only be changed when a 

lever is actuated.  Once the user engages the gas springs by using the lever, the seat 

can move up or down until the lever is released.  The user can choose any position 

throughout the stroke of the gas springs to release the lever and lock the overall 

length of the springs.  The second height adjustment comes in the form of crank 

knobs.  There is one on each side of the frame near the hips.  These knobs are fully 

operational while the unit is supporting the user.  Turing a knob allows a screw to be 

threaded in or out of a block inside of the frame.  This allows the seat height to be 

adjusted by about 8 inches.  This feature makes it very easy for the Gait Master™ 

users to adjust the seat to the perfect height, whereas the gas springs assists the user to 

the standing position.  During gait, the seat of the Gait Master™, as with the 

Meywalk, moves up and down providing dynamic weight relief to the user.  In both 

units, this is done by use of coiled compression springs.  For both the Gait Master™ 

and Meywalk, coil spring strength is chosen during the ordering process in 

accordance with the user’s weight.   

 On the Gait Master™, the seat, thoracic support, and sternum support are all 

attached to a slotted two-track system.  This two-track is then attached to a cross 

member of the main frame, the “U” tube.  Everything attached to the two-track can be 

independently positioned up and down along the track.  Therefore, infinite variations 

can be made to suit the user’s preferences.  This two-track system is the major reason 

why the Gait Master™ can be adjusted to fit so many different people.   
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 Unlike the Meywalk, the Gait Master’s™ thoracic support can be positioned 

at an angle, and its position is independent of the front/sternum support.  

Additionally, for the Gait Master™, the width and/or depth of the thoracic support 

can be adjusted independently on either the left or right sides.  Another feature on the 

Gait Master™, that the Meywalk does not have, is the ability to collapse its frame for 

easy transportation and storage.  Each of the four caster legs of the Gait Master can be 

easily folded inward to reduce its length to just 17.5 inches.  Additionally, the slotted 

track can be quickly removed by use of ratchet levers to 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 models 

Specifications (lbs, in) Gait Master™ Meywalk 2000 Med. Meywalk 2000 Lg. 
Weight Of Unit 44.4 55 57 
Rigid Length 33.7 37.4 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 in detail 
 
Attributes        Gait Master™    Meywalk 2000 Med. 
Height Reducing Feature Yes Yes 
Front Swivel Casters Yes Yes 
Swivel Lock Front Casters Optional Yes 
Swivel Lock Rear Casters Yes na 
Rear Swivel Casters Yes No 
Rear Wheel Brake Yes Yes 
Rear Wheel Drag Brakes No Yes 
Rear Wheel Swivel Lock Yes No 
No-Back Brakes, Rear No Yes 
User Controlled Brakes Yes Yes 
Outdoor Use Capable Yes Yes 
Vertical and Prone Positions Yes Yes 
Anti-Tipper Supports No Optional 
Hip Pads No Optional 
No Seat Option Yes Yes 
Leg Separation Plate Option Yes Yes 
Dynamic Weight Relief Yes Yes 
 Spring Strength Choice Yes Yes 
One-Step Sit-to-Stand Yes Yes 
One-Step Stand-to-Sit Yes Yes 
Collapsible Yes No 
Upper Back Width Adjustment Yes No 
 Stepless Width Adjustment Yes na 
Upper Back Depth Adjustment Yes No 
 Stepless Depth Adjustment Yes na 
User Operated Back Pads Yes No 
Sternum Height Adjustment Yes Yes 
 Stepless Height Adjustment Yes Yes 
Seat, Padded Unicycle Yes Yes 
Seat Height Adjustment Yes Yes 
Seat Slide Adjustment Yes Yes 
Seat Back Stop Pad Yes Yes 
 User Controlled Seat Back Pad Yes Yes 
 Seat Back Pad Height Adjustment Yes No 
In-Use Seat Height Adjustment Yes No 
Frame Color Choice Options Yes Yes 
Obstruction Free Front, For Gait Yes No 
Obstruction Free Rear, For Gait Yes Yes 
Bumper Wheels Yes Yes 
Can Be Used By Children Yes No 
 A Children’s Model Available Early 2006 Yes 
“Grows” With the User Yes Yes 
1 Year Parts and Labor Warranty Yes Yes 
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CHAPTER 13: PATENT SUBMISSION 
 
 
13.1 Humanoids 

 Upon the request of Larry Mulholland, assistance was provided to Mulholland 

Positioning Systems regarding the submission of a patent for the Gait Master™.  The 

focus of the patent assistance was to help an outside patent attorney in acquiring the 

needed images and explanations of the unit’s operating systems.  Almost all of the 

images produced for the patent attorney were later used as the actual patent drawings 

submitted to the United States Patent Office. 

 In order for an individual to understand how a human figure interacted with 

the Gait Master™, several “humanoid” type figures were created in I-DEAS and 

SolidWorks design programs.  These gender-neutral human figures were digitally 

placed within a computer model of the Gait Master™ in a position that made it look 

like the humanoid was using the device.  The first humanoid was designed using I-

DEAS program.  Basic layout dimensions of the humanoid figure were:  72-inch 

stature, 60-inch to top of shoulder, 40-inch to hipbone, and 22-inch patella height.  

All dimensions were measured from the floor as shown in Figure 13.1.1.  Also, 

shown to the left in Figure 13.1.1 is an early version of the humanoid figure.  This 

first design attempt of the humanoid form was rejected due to its unnatural body 

shape.  Anthropometric dimensions were roughly modeled after measurements taken 

from the author of this thesis.  However, the hip breadth was increased to represent 

wider hip dimensions of women (MacLeod, 95).  Several views of the humanoid 

body are shown in Figure 13.1.2 as it appeared in early versions of the Gait Master™.  

As clearly shown in these figures, the humanoid has no arms.  Arms were 

intentionally left out in order to more clearly show how the Gait Master’s™ frame fits 

around a human form.   
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Figure 13.1.1: Humanoid height characteristics 

 

a)  b)  c)  
Figure 13.1.2: Humanoid figure model in an early version of the frame setup,  

a) side view, b) front view, c) angled view 
 

 Another version of the humanoid was created to give the appearance of 

someone walking while using the Gait Master™.  The walking humanoid was created 

to submit with the patent drawings to show how a walking figure uses the device.  

Examples of walking humanoid images sent as part of the patent submission are 

shown in Figure 13.1.3.  To make the humanoid appear to be walking, the hip, knee, 

and ankle joints were modified to give the appearance that the right leg was just about 

at the heal strike position, and the left leg was just about to toe-off.   
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a)  b)  c)  
Figure 13.1.3: Walking humanoid figure in early version of the frame setup,  

a) side view, b) front view, c) angled view 
 

13.2 Descriptions 

 The attorney working on the patent approval for the Gait Master™ needed to 

have a very detailed understanding of the device in order to properly describe its 

features and operations to the patent office.  To complicate issues, the patent attorney 

was not able to see a physical model or demonstrations of the Gait Master™ while the 

patent paperwork was being complied, because the Gait Master™ only resided on 

drawings and in computer programs.  Therefore, the patent attorney obtained all of 

the required information through phone calls, faxed, or mailed still images and 

descriptions of the device.  In order to assist the attorney, this author provided 

detailed images of the inner workings of the Gait Master™ and provided verbal and 

written descriptions of parts and features.  Examples of drawings submitted to the 

patent attorney are shown in Figure 13.2.4.  Images of the Gait Master™ from 

different views and configurations, with and without a humanoid figure, were sent to 

the patent attorney for submission to the patent office.  Appendix M has a complete 

set of all 23 drawings submitted to the patent attorney.  Currently, Larry Mulholland 

is still in the approval phase of obtaining a patent for the Gait Master™, which is 

listed under the name “Assistive Walking Device” under the parent number 

11/119,202, first applied for on April 29, 2002.  Larry Mulholland is the only inventor 

listed on the patent application.  The above information was retrieved off of the 

Utility Patent Application Transmittal form, dated July 20, 2005, and was provided to 

this author by Larry Mulholland.   
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a)  b)  c)  
Figure 13.2.4: Sample of drawings submitted to patent attorney,  

a) overall frame with collapsed legs, b) descriptive exploded 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 therapists, potential users, and 

distributors, the Gait Master™, manufactured by Mulholland Positioning Systems, 

looks to have a very bright future.  There is no single product available on the market 

today that competes with all the available options and versatile features of a Gait 

Master™.  Its sleek appearance, adjustability features, collapsible design, and 

independent user operation potential makes it a valuable gait-training tool.   

 The Gait Master™ works.  I have personally observed people who are 

normally restricted to wheelchairs for most of the day, get in a Gait Master™ and 

begin walking within a matter of minuets.  All of Gait Master’s™ separate 

component systems have been successfully brought together to function in perfect 

harmony.  Even though the Gait Master’s™ design can accommodate a wide range of 

people, it is still very user friendly, and can easily be adjusted to fit users.  People 

who use Gait Masters™ for gait-training therapy can potentially benefit by reducing 

the frequency of expensive hospital stays, costly operations, and extensive recovery 

time.  Also, design features make it easy to collapse for storage and/or transportation.  

The Gait Master™ is an excellent investment in a high quality, versatile and effective 

devise for gait-training needs. 
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