
Stanford University

Peter Axelson

2024-02-27









The need:
To get back out on the snow















The Mono Ski
Now a Paralympic sport





Initial intentions and objectives

Redirected with a new purpose 

Found another great place to grow 

Personal needs directed my designs 

Focused on AT and access for life

How I got to where I am… 



research

design

education



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.

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.

Mission Statement
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to design, test and assess

to write, map and build

to plan, support and present

It takes a team of people…



Bill Blythe
IT and facility manager



Stephanie Stephens
research assistant – remote from India



Stephen Pieters
wheelchair test lab leader



Ben Hubbard
graphic artist GIS map designer



Debbie Hester
GIS technician



Ria Axelson
office manager and welder



Paul Schnorbus
machinist



Thomas Lee
IT and quality control



Todd Ackerman
sidewalk assessment coordinator



Travis McDonald
assessment technician



Jeremy Kennemur
assessment technician



Abraham Lesiuk
assessment technician



Sam Finley
assessment technician



Wynter Sturtevant
data analyst



Jonathan Miller
technical assistant



Wiu Wiu
test lab assistant



Joshua Wetmore
test lab assistant



Maegan Elkaraki
bookkeeping and financial



Annabeth Johnson
administrative assistant



Paola Vazquez
office assistant



Sharon Vazquez
bookkeeping assistant – remote 



Julia Woodruff
office assistant



Peter Axelson
Director of R&D



to design and create 

to build, test and break 

with material and stuff to assemble

A working space with tools…















Testing

Wheelchairs

Surfacing

Adaptive sports equipment

Forensics



Wheelchair testing

People get hurt using them

Design and manufacturing defects

Making sure the product is safe

Determine the performance of the product

How fast will it go?

How far it will go?

How high it can climb?



Wheelchair testing

American RESNA Vol. 1 & 2 test procedures

International Standards Organization ISO 

testing procedures Sections 1 through 30

European National EN12183 and 12184 

testing requirements and test methods













Rehabilitation Institute of Chicago/ Beneficial Designs/ PVA #3028

Damage































Surface testing

People get hurt using playgrounds

Soft but firm and stable

Making sure the product is safe

Making sure I don’t get stuck in them

How firm is the surface?

How stable is the surface?



Firmness and stability testing

ASTM F1951 Playground testing

Instrumented Surface Indenter ISI

Calibration laboratory for ISI













Rotational Penetrometer

objective surface measurement device









Trail surface

Trail with firm but 

unstable sandy 

surface



Gravelpave2



Gravelpave2



Trail surface

Trail after installation

of surface stabilizer



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

Rotational Penetrometer readings
Gravelpave 2



Seat cushion testing

People die from pressure sores

Soft but firm and stable

Making sure the product is safe

Making sure I don’t get a pressure sore

How high are the sitting pressures?

How long can I sit on it?





Seat cushion testing



SKELI used on foam





ASLI prototype
became an ISO shape



Pressure 

measurements

symmetric



Pressure 

measurements

10° pelvic 

obliquity



Pressure 

measurements

15° posterior 

pelvic tilt



Personal technologies

Activity-specific technologies

Environmental technologies



Personal technologies
Things that you wear



My personal wheelchair



The need:
More comfort sitting



Deforms

B

The need:
A better grip

Solution: an ergonomic pushrim



FlexRim

Combining the discrete compliant fasteners into one



Frictional improvements

To reduce the grip force required to push



Impact absorbtion
Like running shoes



Subjects are tested
over a wide variety of usage environments



respiration

motion capture

pushrim forces

heart rate

grip EMG



End product – the FlexRim



Activity-specific technologies
And the desire to recreate





v

seat angle
10 degrees from horizontal







v

seat angle
19–20 degrees from horizontal





























Dynamic seating spring assist







The desire:
Get back into the backcountry







The need:
Use the pedal again to play the piano



The desire:
Drive a manual shift vehicle



The desire:
Balance and ride a bike again



The desire:
Ride a tandem bike with a friend



The desire:
Paddle a canoe again without the required balance





lateral balance test



water egress testing





Creating Ability

Canoe and Kayak Seating



The desire:
Surf again



The problem:
Unwanted pelvic movement due to spasticity



Concepts developed
to allow the movement, but return to the desired position



  

Early prototypes



Fatigue testing 

of concept



The finished product







Environmental technologies
Things that do not move



grade

> 8.33% up to 30% of length

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 recreation trail



Universal Trail Assessment Process (UTAP)



length

width

cross slope

grade

surface

features & facilities

Key UTAP information



UTAP assessment team





Over 1900 people

trained to lead UTAP assessments

Over 155 trainers

to teach UTAP workshops

UTAP implementation status



High-Efficiency Trail Assessment Process 

(HETAP)



HETAP wheel





Stations Screen





Trail Access Information

TAI for Users

Grade

Cross Slope

Tread Width

Surface

Obstructions

Grade

Cross Slope

Tread Width

Surface

Obstructions







Developed

Outdoor

Recreation

Assessment

Process



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

Outdoor constructed features





Knee & Toe Clearance Profile Tool

unobstructed knee & toe space



Adjustable height cooking grill



Water pump
Actuation force



Campsite
Access Information



Architectural Barriers Act (ABA) 

Outdoor Recreation Access Guidelines

Public Rights of Way Access Guidelines 

(PROWAG)

Develop standards for

Trail and sidewalk design









Sidewalk assessment
Public Rights-of-Way Assessment Process (PROWAP)





Digital Measuring Wheel (DMS)



Digital Height Measuring Device







NDOT Curb Ramps



PROWAP



PROWAP



Universal Design of Fitness Equipment 

(UDFE) Standards



Low step-up height design







Finding the

Weight Adjustment Pin



color contrast value contrast



color contrast value contrast























6°



6°



Boarding devices



Assessment of

Traditional aircraft boarding devices

Stability







Boarding device seating pressures

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 boarding using a wheelchair with

Narrow accessory wheels

Fewer transfers



Aircraft-compatible wheelchair







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





PWC tilted on side to fit through door



Rehabilitation Institute of Chicago/ Beneficial Designs/ PVA #3028

Damage

Damage to drive wheel 

that came off powered 

wheelchair





RESNA AT-1 Section 4 Standard



International Air Transport Association (IATA)

IATA Guidance on the Transport of 

Mobility Aids











WHEELCHAIR

WEIGHT

150 kg

330 lb

PMD Labeling Guidelines

Weight



https://wheelchairtravel.org/air-travel/reduce-risk-wheelchair-damage/





For existing devices, create an

Air Travel Information Card





www.beneficialdesigns.com

peter@beneficialdesigns.com

775.783.8822 voice

775.783.8823 fax




