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Beneficial Designs’ 

Mission Statement

Beneficial Designs works towards 

universal access through research, 

design, and education. We believe 

all individuals should have access 

to the physical, intellectual, and 

spiritual aspects of life. 



Beneficial Designs’ 

Mission Statement

We seek to enhance the quality of 

life for people of all abilities, and 

work to achieve this aim by 

developing and marketing 

technology for daily living, 

vocational, and leisure activities.
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Design of Consumer 

Products

Product Development

Assessment of Products

Universal Design of Products



Product Development

Mainstream Products

Opportunity for Universal Design

Adaptive Products 

Personal Technologies

Activity Specific Technologies



Establishing Balance

Physical

Intellectual

Spiritual



















Sociological Dimension

Dependence

Independence

Interdependence









Personal Technologies

Activity-Specific Technologies

Environmental Technologies



Activity-Specific 

Technologies 



Arroya Sit Ski





Mono Ski











Dynamic 

Seating

Spring 

Assist



Cross Country Ski







Pax

Back

Available from

BES Rehab Ltd





Clutch, Brake and Gas 

on Hand Control



Dynamic 

Seating



Dynamic Seating





Hand

Bike



Hand

Bike



Contoured 

Seating





Seat Cushion 

Testing



SKELI Used on Foam





ASLI Prototype

ISO Part 2 Shape



Pressure 

Measurements

Symmetric 



Pressure 

Measurements

10 Pelvic 

Obliquity



Pressure 

Measurements

15 Posterior 

Pelvic Tilt



Pelvis Movement During 

Extensor Thrust Activity

Force at Thigh 

and Backrest 

During Extension 

Pelvis Moves Up, 

Out and Rotates



Variations of Belt Angle

Downward Pull 
Limits Upward 
Movement

Allows Posterior 
Pelvic Rotation

Limits Full Anterior 
ROM



HipGrip Concept



HipGrip Ph1 - Prototype 2

  



What Is the HipGrip?

Dynamic Pelvic 

Support

Provides Pelvic 

Stability

Allows Controlled 

Anterior Tilt ROM





HipGrip 

Test 

Fixture



Functional Forward Reach



Functional Reach Downward



HipGrip

Available from 

Bodypoint



FlexRim – Combining the 

discrete compliant fasteners 

into one



The best profiles were 

fully developed and 

tested



FlexRim Ergonomic 

Pushrim 

Deforms

B



Frictional improvements

Preliminary tests show over a 2x 

increased frictional coefficient



Impact absorption



Applied a 120 lb repetitive 

load in one place until failure

Pushrim cracked

after 444,072 cycles



Baseline study – FlexRim 

adapted for 

propulsiometer



Subjects are tested over a wide 

variety of usage environments



respiration

motion capture

pushrim forces

heart rate

grip EMG



FlexRim



GripRim



Adaptive 

Canoe 

Seating









Methods - Endurance

MedGraphics VO2000 

portable metabolic 

system



Lateral Balance

Test



Water Egress 

Testing



Wave Ski



Environmental 

Technologies

Things that do not move



Small Watercraft 

Launch Access





Universal Trail Assessment 

Process (UTAP)



Key UTAP Information

Length 

Width

Cross
slope

Grade

Surface

Features & 
Facilities



UTAP Assessment Team



UTAP – Implementation 

Status

Over 1200 people trained to lead UTAP 

assessments

Over 155 trainers to teach UTAP 

workshops



High Efficiency Trail Assessment Process 



HETAP-

Rollawheel





Stations Screen



Developed

Outdoor

Recreation

Assessment

Process



Outdoor Constructed Features

Bench

Camp Shelter

Cooking Surface/Grill

Fire Ring, Wood 

Stove/Fireplace

Outdoor Rinsing 

Shower

Parking Area

Picnic Table

Pit Toilet

Tent Pad/Platform

Toilet Building

Trash/Recycling 

Receptacle

Utility/Sewage 

Connection

Viewing Area at 

Overlooks

Viewing Scope

Water Spout



Adjustable Height Cooking Grill



Water Pump with Closed Fist Operation



Water Pump Actuation Force



Water Pump Height Measurement



Picnic Table Clearance Space





Trail Access Information 

……..in a Food Facts Label Format



TAI on Narrow 

Trail/Logo









www.trailexplorer.org



Trails with desired access features



Develop standards 

for trail and 

sidewalk design

Architectural Barriers Act Outdoor 

Recreation Access Guidelines

Public Rights of Way Access 

Guidelines



ADA Recreation Trail

Grade

up to 30% of length > 8.33%

5% for any distance

8.33% for 200 feet

10% for 30 feet

12.5% for 10 feet

14% for 5 feet in drains if cross slope < 5%



ADA Recreation Trail

Cross Slope

5%

10% in drains if width > 42 inches

Rest Areas

60 inches length, trail width, 5% slope

Edge Protection

3 inches minimum height when provided



ADA Outdoor Access Route

Surface

firm and stable

Width

36 inches

exception 32 inches for up to 24 inches 

Openings

< 0.5 inch sphere







Rotational Penetrometer

Objective surface  

measurement device

Available from 
Beneficial Designs





Trail with firm 

but unstable 

sandy surface



Gravelpave2



Gravelpave2



Trail after 

Installation 

of surface 

stabilizer

Gravelpave2



Rotational Penetrometer 

Readings-Gravelpave 2
Before Application After Application

Firmness    Stability Firmness        Stability

0.18 0.77 0.17 0.37

0.17 0.87 0.17 0.38

0.17 0.77 0.18 0.42

0.18 0.88 0.17 0.35

0.18 0.79 0.18 0.40

0.18 Avg 0.82 0.17 Avg 0.38









Sidewalk Assessment Process





Digital Measuring Wheel

Wireless 

High accuracy 

with resolution of 

0.1 Inches (1 mm)



Digital Height Measuring 

Device

High accuracy 

Fast measurement 

Resolution of 

0.01 inches (0.1 mm)



Data Collection Software













NDOT

Right of Way 

in 

Minden, NV

Tread Width



NDOT

Right of Way 

in 

Minden, NV

Cross Slope



NDOT

Right of Way 

in 

Minden, NV

Hazard 

locations



NDOT

Right of Way 

in 

Minden, NV

Tripping 

hazard height



Universal Design 

Standards for Products 



Universal Design of Fitness 

Equipment (UDFE) Standards



Low Step-

up Height 

Design

















Universal Design of 

Products used by persons 

with Cognitive Impairments

Goal – To increase Access to 

Technology 

for People with Cognitive 

Impairments





Universal Design of 

Amusement Park Rides for 

Persons with Mobility and 

Sensory Impairments























Focus on Air Travel

One focus area is air travel

Assistive technologies

Standards



Paralyzed Veterans of 

America (PVA) Grant

This project was supported by award 

#3028 from the Paralyzed Veterans 

of America Research Foundation.



Issue 1: Steep Jetway Slopes

Typically steeper than standard ramp

Dangerous for Mobility Device users

Exempt from ADA guidelines





6°



6°



Aircraft Travel Issues for Non-

Ambulatory Passengers



Dangerous Environment

Over 300 non-ambulatory 

passengers have been surveyed 

12% have tipped over laterally in 

boarding chairs because of this 

problem 

Causation is Jetway bubble area 

cross-slope of 6 to 14 degrees

Boarding chairs have to be narrow 

and  tip over at 7.5 degrees



Potential Solution to Issue 1

Develop technologies to level surface 

of bubble area of jetways



Issue 2: Poor Boarding Devices

Non-ambulatory passengers are 

transported onto aircraft using 

narrow boarding devices

Current boarding devices have many 

design issues that non-ambulatory 

passengers are dissatisfied with



Boarding devices



Assessment of 

Traditional 

Aircraft Boarding 

Devices—

Stability

Chest support straps



Assessment of 

Aircraft Boarding 

Devices

Observation

Arm supports provide 

lateral stability 

Foot support issues



Potential Solutions to Issue 2

Develop design specifications for

improved boarding devices and

on-board aisle chairs



Typical specifications of a BD

Seat depth – 14.9 to 18.0

Seat width – 13.5 to 14.0

Foot support to seat – 15.3 to 12.7

Floor seat height – 18.8 to 21.4

Arm support height – 8.8 or none

Foot support length – 5.8 to a bar



Issue 3: 

Dangerous Transfer Methods

Passengers who are non-ambulatory 

must often be physically transferred 

by untrained contractors to 

boarding chairs and then into AC 

seating

This results in injuries to the 

contractors and the passengers





Aircraft 

Compatible 

Wheelchair 



Aircraft Boarding 

Using a 

Personal 

Aisle Chair

Removable 

Wheels



Aircraft Boarding

Using a 

wheelchair with 

narrow accessory

wheels

Fewer

Transfers



Aircraft Seating Using a 

Personal 

Aisle Chair

Feet Remain

Secure



Transfer 

Assist 

Technology

Overhead Lift track

Safety for 

passengers

attendant providers



Transfer Assist 

Technology

Overhead Gantry Style 

Boarding Device



Moves laterally

over aircraft seating 

Transfer 

Assist 

Technology



Potential Solutions to Issue 3

Just like hotels and fitness centers 

are required to provide lifts…

Require the use of technologies that 

do not require physical lifting of 

non-ambulatory passengers that 

are unable to independently 

transfer onto boarding devices and 

AC seating 



Issue 4: 

Hazardous Sitting Pressures

Persons without sensation need 

pressure spread out to avoid sores



Boarding devices



Sitting on an S boarding device 

without cushion
0 0 0 0 0 0 0 0 0 6 1 0 0 0 0 0

0 0 0 0 0 0 0 1 11 25 13 7 2 0 0 0

0 0 0 0 0 0 0 13 15 10 8 13 16 0 0 0

0 0 1 0 0 1 3 10 36 16 42 56 13 0 0 0

0 0 1 0 0 0 5 46 93 200+ 180 74 27 5 7 0

0 0 0 0 0 1 12 74 64 200+ 99 62 20 1 0 1

0 1 0 1 18 2 26 200+ 114 54 106 200+ 200+ 4 0 0

0 0 0 0 0 2 69 200+ 200+ 29 128 200+ 151 2 3 0

0 0 0 0 0 1 11 83 66 20 32 200+ 23 2 1 0

0 0 0 0 0 0 3 2 22 9 9 4 3 9 0 0

0 0 0 0 0 0 0 1 3 8 8 5 8 2 0 0

0 0 0 0 0 0 5 5 5 3 1 8 10 0 0 0

0 0 0 0 0 0 4 4 3 3 1 4 6 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 2 0 0 1 1 1 0 0 2 0 0 0 0 0

Minimum (mmHg)

Maximum (mmHg)

Average (mmHg)

Variance (mmHg²)

Standard deviation (mmHg)

Coefficient of variation (%)

Horizontal center (in)

Vertical center (in)

Sensing area (in²)

Regional distribution (%)

0.00

200.00

15.64

1823.88

42.71

272.99

10.47

10.20

289.27

100.00

0

20

40

60

80

100

120

140

160

180

200

mmHg







Aircraft seating

with  

pressure relief 

cushion from 

wheelchair

legs hanging

shoulders forward

neck extended

arm not supported



Aircraft seating

with  

pressure relief 

cushion and 

―accessories‖

foot support

lumbar and spine

support

neck/head support

arm support



Aircraft seating

with  

pressure relief 

cushion and 

―accessories‖

feet supported

lumbar and spine

supported

neck/head support

arm supported



Potential Solution to Issue 4

Educate travelers without sensation 

to use pressure relief seating 

accessories when sitting in aircraft

Educate health-care professionals 

who serve travelers without 

sensation



Issue 5: Lack of Accessible 

Bathrooms

Wide body aircraft have two aisles 

and bathrooms that transform into 

one large accessible bathroom

Medium and large size single aisle 

aircraft cannot do this without 

blocking the aisle



Issue 5: Lack of Accessible 

Bathrooms

Passengers needing a personal 

caregiver are not accommodated 

by the current size of bathrooms

Including infants and older adults and 

non-ambulatory passengers that 

must us an on board aisle 

wheelchair



Issue 5: Lack of Accessible 

Bathrooms

Would only fly 2-3 hours without 

bathroom access



Issue 5: Lack of Accessible 

Bathrooms

Explained that removal of three seats 

to create an more accessible 

bathroom would cost a 2% increase 

in fare (based on 145 person cap)

9 of 14 knew persons that need 

assistance in a bathroom

14 out of 15 people indicated they 

would pay for one larger bathroom



Issue 5: Lack of Accessible 

Bathrooms

Explained that removal of six seats  

creates 1.2 inches of increased 

legroom which would create a 4% 

increase in fare

11 out of 14 people indicated they 

would pay some amount for more 

legroom – 50% want 2.4 inches 

more



Potential solution to Issue 5: 

Provide one larger bathroom at the 

rear of the aircraft to accommodate 

passengers with different needs



Issue 6: Narrow Aircraft Aisles

Lack of standards for the minimum 

width of the aisle way in aircraft..

Leads to narrower and narrower aisle 

width in aircraft..

Boarding device manufacturers are 

unable to optimize the design of 

boarding devices for stability



Potential Solutions to Issue 6

Develop minimum clear width 

requirements for commercial 

aircraft….

To allow boarding device 

manufacturers to optimize the 

lateral stability of boarding devices



Issue 7: Mobility Device 

(MD) Damage 

MDs are often damaged

MDs typically stored with baggage

Manual wheelchairs

Powered wheelchairs

Scooters







Examples of Damage

Rehabilitation Institute of Chicago/ Beneficial Designs/ PVA #3028

Courtesy Open Doors and Global Repair Group



Rehabilitation Institute of Chicago/ Beneficial Designs/ PVA #3028

Courtesy Open Doors and Global Repair Group



Damage to drive 

wheel that came off 

powered wheelchair

Rehabilitatiaon Institute of Chicago/ Beneficial Designs/ PVA #3028



Potential Solution to Issue 7

Create design standards for Air 

Transportable Powered 

Wheelchairs through the RESNA 

Assistive Technology for Air Travel 

Standards Committee



Potential Solution to Issue 7

Standards will cover…

Instructional handling and labeling 

information

Standard handling procedures

Design of powered wheelchairs for 

air travel



Assistive Technology for 

Air Travel Standards

Airline carriers and manufacturers

Wheelchair manufacturers

Disability organizations

Government agencies – DOT - FAA 

Wheelchair repair companies



Scope of Assistive 

Technology for Air Travel

Initial priority - powered mobility devices 

Information / boarding card

Handling guidelines

PMDs designed for air transport



Boarding Card Guidelines

Communicate visually…

Location of drive system disconnect

Power disconnect location

Safe lifting point locations

How to verify use of sealed batteries

Location of removable parts

Weight of PMD







PMD Labeling Guidelines

weight 

WHEELCHAIR 

82 kg

180 lb
WEIGHT





PMD Labeling Guidelines

Location of  power disconnect



Development of PMD 

Handler Training 

Procedures
Experience of handling different 

types of PMDs may be 

infrequent for baggage handlers

Prevention of injury to handlers

Prevent damage to PMDs



Standards for PMDs 

designed for air transport

Create specifications for design 

features that will enable powered 

mobility devices to be able to 

withstand the rigors of being loaded 

and unloaded from aircraft 



PMD with transit option

WHEELCHAIR 

82 kg

180 

lbWEIGHT





Identification of 

Power Disconnects



Air Transportable PMD 

design specifications

Folding or removable back support to 

reduce height

Height of typical baggage access door 

can be as short as 30 inches on DC-9 

models















Protect

input 

control

device



Fully 

protect 

input 

control 

device



Elastic strap to 

hold WC folded



Typical 

location 

of 

webbing

with 

elastic 

and side

release 

buckle





Beneficial Designs, Inc.
Minden, Nevada

www.beneficialdesigns.com

peter@beneficialdesigns.com

775.783.8822 voice

775.783.8823 fax


