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Function

The main function of this device is to transport non-weight-bearing patients both up and down an outdoor
staircase consisting of 3 to 5 stairs. It should also allow for easy access into and out of the device for the patient. The
device should be an inexpensive alternative to electric stair lift systems, as well as being resistant to conditions that come
with Wisconsin winters. Additionally, the device should be light, but sturdy enough to withstand frequent use across eight
to ten-week windows when patients are non-weight bearing.

Client requirements

● The client requests a proof of concept for a mobile stair chair that non-weight bearing patients of his can use to
travel up and down between 3 to 5 stairs

● The device should be free-standing to make the device accessible for patients that do not have sturdy rails leading
up to their residences

● The device must be durable enough to withstand heavy use during eight to ten-week windows
● The device must be reusable once a patient no longer needs to use it to travel up and down stairs
● The chair must be able to swivel and support up to 140 kilograms
● Given the old age of some of the patients, the ratchet system should not require more mechanical power than an

80-year-old could output with one leg
● The chair must have a seat belt attachment to keep patients secure as they use the device

Design requirements

1. Physical and Operational Characteristics
a. Performance requirements

The device will be used frequently during largely eight to ten-week spurts, but should also be able to withstand up
to twenty-six weeks of frequent use for patients that remain non-weight-bearing for longer. The device should also be
capable of holding up to 140 kg.

b. Safety

The chair should have an attached seat belt to keep patients from falling off during use. The device should also
have stable legs that keep it from tipping over, as it will be a freestanding unit. A ratchet system will be used on the rails
to prevent patients from accidentally sliding down five steps while attached to the device. The chair will also be able to be
sanitized easily as it will be made from plastic. Given the originality of the idea, there are limited standards to be
concerned with beyond ISO 13485, the standard of quality for medical devices [1].

c. Accuracy and Reliability

The device should be able to ratchet up the stairs without enduring significant wear and tear that could render it
unusable. The attached seat should swivel without much force, allowing a patient to twist the seat and get off of the chair
once they have reached the top of the stairs.
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d. Life in Service

The assisted stair chair is built with the assumption that it will be rented out by DME (durable medical equipment)
rental companies. That being said, it will deteriorate from transport, installation, patient use, removal, and cleanings.
Altogether the assisted stair chair can expect a lifetime of 5 years as compared with other DME [2].

e. Shelf Life

Due to the metal component of the assisted stair chair, the device should be stored in a dry, climate-controlled
environment to prevent corrosion. Additionally, the device should be protected from high pH conditions, salt, and other
corrosive materials.

f. Operating Environment

The assisted stair chair should be able to withstand routine weather conditions as well as tougher conditions. It
should be able to withstand temperatures between -18°-52°C and should be able to function within the normal
atmospheric pressure range between 751-767 mmHg [3]. Additionally, the assisted stair chair should be able to handle
outdoor conditions such as dirt, snow, rain, humidity, and other common conditions.

g. Ergonomics

The stair chair should be accessible to a wide range of individuals, specifically those with limited strength in one
leg. The force required to raise the chair should be feasible for all, meaning a force of 20 kg should be able to cause
upward motion [4]. Additionally, the plate should be reachable for all users from a seated position, and getting onto and
off of the chair should be seamless regardless of height.

h. Size

Staircases in Wisconsin must be at least 91.44 cm wide [5], so the stair chair should be able to accommodate
staircases of that width and greater. This means that the product should be able to be installed and function within that
91.44 cm range without causing discomfort for the user. With a wider staircase, room should be made to the side of the
product to allow for walking.

i. Weight

Because the individual will be propelling both themselves and the product up the staircase, the weight of the
product should be minimized, with a maximum product weight being 30 kg. This maximum weight is adjustable if added
weight allows for more mechanical advantage. An ideal weight is from 10-15 kg, and there is no concern with a minimum
weight, as long as the product can withstand the performance requirements stated earlier. The track portion of the product
does not have weight requirements.

j. Materials

The material for the chair portion should be a strong and durable yet relatively lightweight plastic, with metal
included where needed to strengthen the product. The rails for the device will likely be made out of some aluminum alloy,
given the material’s high strength-to-weight ratio, excellent corrosion resistance, and high ductility that allows them to be
shaped without damage to the material [6]. Additionally, a fabric cover could be included to keep the product out of the
elements.
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k. Aesthetics, Appearance, and Finish

The finish on the product should be a texture that is not overly slippery to prevent injuries. As far as color, many
stair lifts come in a cream, beige, or light gray color [7] to not draw attention to the product. A neutral color such as those
will be the initial goal for the product but can be expanded on with additional time.

2. Production Characteristics
a. Quantity

Client is seeking a proof of concept item.

b. Target Product Cost

Production cost will be determined once the feasibility of the product is determined through proof of concept.

3. Miscellaneous
a. Standards and Specifications

Standards are limited due to the novelty of the product. Related standards include:

i. ADA §405 - ADA Standards for ramps. [8]
ii. S. Hrg. 111-1138 - Hearing before the Senate Subcommittee on Employment and Workplace

Safety of the Committee on Health, Education, Labor and Pensions - discusses patient lifting
standards. [9]

iii. FDA CFR Title 21, Volume 8 §850.5150 - FDA standard on powered chair lifts. [10]
iv. ASME A18.1-2017 - American Society of Mechanical Engineers standard on safety for powered

chair lifts. [11]
v. ISO 13485 - international standard on quality and safety of medical devices. [2]

vi. Premarket Notification 510(k) - “A 510(K) is a premarket submission made to FDA to
demonstrate that the device to be marketed is as safe and effective, that is, substantially
equivalent, to a legally marketed device.” Premarket Notifications can only be used for Class I
and II devices. There is no classification for our proposed device, however the powered chair lift
is classified as a class II device. [12]

b. Customer

The client intends to rent out the apparatus to patients at the Encompass Health Rehabilitation Hospital of
Fitchburg. Patients are typically older people with short term mobility issues, most often with one usable leg.

c. Patient-related concerns

Since the device is intended for short term use, comfort is not necessarily prioritized. Safety is important to
address since patients are already dealing with injuries. The device should require little effort to use.

d. Competition

Current solutions for ascending and descending stairs with a mobility issue include electric stair lifts, wheelchair
lifts, wheelchair ramps, and elevators. The goal of this project is to provide a cheaper, temporary, and more practical
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solution than these alternatives. Few stair assist devices exist that are portable, lightweight, and safe. One dubbed the
“Step by Step” is another UW Madison BME design project that Daniel Kutschera was involved in [13].
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