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on the motor and drive system. 

A 1/6 horsepower DC electric gear motor supplies 
the necessary rocking force for the chair (Fig. 14.14). 
The motor is powerful enough to rock users well 
beyond the specified user weight limit of 190 
pounds. This will ensure that the motor is not 
stressed which should improve its lifetime. The 
motor has a speed of 80 RPM which is well above 
the desired speed of 20 RPM. The motor was slowed 
using a gear system. A 12 tooth gear is attached to 
the motor shaft. This gear is in contact with a larger 
50-tooth gear, and slows the rocking speed to the 
desired 20 RPM.  

A cam and linkage bar system attached to the back 
of the chair provides the rocking motion. The cam 
converts the rotational motion of the gear motor into 
the desired rocking motion. The size of this cam 
determines the range of rocking.  It was found that a 
1.4” cam provided an optimal rocking range. The 
cam is attached to the shaft of the large gear and 
therefore spins at 20 RPM. A linkage bar connects 
the cam to a pivot on the back of the chair frame. 
This pivot was placed in order to minimize the 
required rocking force. 

Power is supplied by a 216W 12VDC, which plugs 
into a standard wall outlet. A caretaker control 

tower houses the caretaker control panel and a CD 
player. From this control panel the caretaker can 
switch on and off all parts of the chair. The panel 
also houses circuit breakers which protect the motor 
and CD player. The CD player feeds speakers which 
are implanted inside of the chair. A motor controller 
is also placed in this tower. This controller allows 
the caretaker to slow the speed of the rocking by 
turning a potentiometer on top of the control tower. 

The user controls the rocking motion and music by 
two large switches: a touch switch and a squish 
switch. The switches are designed for simple 
operation with the physical and mental capabilities 
of the target user in mind. The motor control switch 
starts and stops the rocking motion. The music 
control switch functions as a mute switch for the CD 
player. If the caretaker shuts off the chair at their 
control tower the two user switches have no effect. 
The caretaker can interchange the function of these 
switches by changing socket connections on the 
caretaker control tower. 

For safety, all electrical wires are run within the 
extrusion tubing and hidden by extrusion covers. 
The power supply and the drive system are covered 
by plastic shields. 

The cost of parts and materials was about $1100. 

 

 

 

 Fig. 14.14.  Drive System. 
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 INTRODUCTION 
The goal of this project was to build a safe, user-
friendly, low-maintenance, and battery-powered 
device for the multi-sensory stimulation room for an 
agency serving adults with developmental 
disabilities.  The goal was to stimulate the olfactory 
senses of adults with disabilities. Olfaction 
Satisfaction (Fig. 14.15) emits scents upon input from 
a simple adaptive switch interface that is controlled 
by the user. Simple interactive devices had 
previously been developed to stimulate individuals' 
senses of touch, sight, and hearing.  However, the 
sense of smell was not tapped by existing devices. 
Olfaction Satisfaction stimulates the olfactory senses 
in conjunction with the other senses of touch, sight, 
and hearing.  

SUMMARY OF IMPACT 

Olfaction Satisfaction was designed with the 
cognitive and physical abilities of the user in mind. 
Users can select from multiple scents by using two 
interchangeable switches: a large touch-pad and a 
squish switch. Ultimately the device serves to 
improve the client‟s quality of life by promoting 
interaction with the environment and providing 
adequate stimulation of visual, auditory, olfactory, 
and tactile senses. Client supervisors expressed a 
need for research about any potential hazardous 
exposure to the scents used. Further strengthening 
of the structure is required to avoid damage when 
used. In a future design, elimination of sharp 
corners would be helpful. 

 TECHNICAL DISCRIPTION 
The user interface is easy to use. A versatile interface 
consisting of interchangeable switches connected via 

¼ “ stereo jacks ensures that the device can be used 
by any user regardless of motor skill or disability. 

The base and device casing are constructed out of 
0.125” Gray PVC sheeting. The smooth exterior of 
the design also contribute to user safety.  

A lever system was incorporated with a 12-Volt 
solenoid to provide the force necessary to release 
fragrances from the aerosol cans contained within 
the fragrance chamber.  Since the aerosol cans can be 

 

 Fig. 14.15.  Olfaction Satisfaction. 
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removed from the fragrance chamber, it is easy to 
clean, and to install new fragrances. This allows 
Olfaction Satisfaction to accommodate a wide 
variety of scents, giving the device the ability to 
offer a constantly changing and engaging sensory 
experience.  

 A PIC16F874 Microcontroller is responsible for 
taking input from the switches and processing them 
into output, which controls activation of the various 
sound chips, LEDs, and solenoids of Olfaction 
Satisfaction.  In this regard, the PIC Microcontroller 
is the “brain” of Olfaction Satisfaction.  A control 
circuit containing the PIC, Solenoid Drivers, 7405 
Hex Inverter Chips, Voltage Regulators, and other 
components enable the PIC Microcontroller to 

control every component of Olfaction Satisfaction. 
The main circuit is shown in Fig. 14.16. Pull-up 
resistors make interactions with the user interface 
seen as a binary pattern of high (+5 Volts) or low (~0 
Volts) voltages at the input terminals of the PIC 
Microcontroller. In response to a specific input 
pattern from the switches the device will: 1) indicate 
the currently selected fragrance and wait for input 
from user; 2) change the currently selected fragrance 
and play a sound; or 3) release the fragrance, play 
sounds and display an LED visual  stimulation 
pattern. 

The cost of parts and materials for the device was 
approximately $650. 
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 Fig. 14.16.  Main Circuit. 
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 INTRODUCTION 
A Patient Positioning Aid (Figs. 14.17 and 14.18) 
improves patient positioning, which includes 
transferring patients onto medical devices and 
maintaining static positions during medical 
procedures.  

Static positioning aids, such as foam wedges and 
wraparound coils, in use today for CT and MRI scan 
technologies are not especially effective.  The current 
options only satisfy the needs of specific patients.  A 
broader positioning aid with a wider range of 
capabilities is needed. The goal of this project is to 
create a versatile, low-cost, easy-to-adjust patient 
positioning aid that will work with a range of 
examination tables and imaging platforms.   

When designing The Positioning Aid, hospital staff 
and the patient needs were taken into consideration. 
It was to be lightweight and easy to adjust, transfer, 
and store. It also had to be comfortable for the 
patient, sturdy, strong, and able to immobilize 
patients. A fairly lightweight and strong material, 
PVC, was chosen for the base. Foam padding and a 
gel-based headrest ensure comfort. Arm and leg 
stabilizers control the patient‟s extremities.   

SUMMARY OF IMPACT 

The Positioning Aid eliminates the need for hospital 
staff to purchase multiple components in efforts to 
meet the needs of various patients.  This device 
incorporates upper body and lower body-
positioning components, and both are easily 
adjustable using a track system. The track system 
helps in accommodating the different sizes and 
heights of patients.  Foam padding was added to 
provide additional comfort during the often-lengthy 
imaging procedures. It is strong so that the segment 
weight of patients weighing up to 500 lbs can be 
supported and transported. The device better 
immobilizes patients so that, for example, patients 
with diseases such as Parkinson‟s, can have an 

accurate image taken without having to worry about 
tremors. Since it is thin, it does not add extra height 
to imaging tables.  It is also durable.  Lastly, The 
Positioning Aid is compatible with various imaging 
technologies including but not limited to MRI, CT, 
and x-rays by using all non-ferrous materials as well 
as radiolucent materials. 

 TECHNICAL DESCRIPTION 
The first major component of our design is the base. 
A polyvinyl chloride (PVC) board was selected as 
the  base, because it is lightweight and durable. The 
board dimensions are 72“x 22“ x 0.5“.  The tables 
and platforms at the hospital measure 6‟ long and 
22” wide; therefore, the transfer board is compatible 
and interchangeable with the various imaging 
device platforms.  

Due to the large weight that needs to be lifted on 
this board, cross members are needed to ensure 
structural integrity.  Two aluminum cross members 
(which are nonferrous and therefore safe in an MRI) 
that measure 1“ x 0.5“ x 72“  run the length of the 
board set 2.25“  from the sides of the board. Along 
with these, three PVC cross members measuring 1” 
x 1” x 17“run laterally across the board between the 
aluminum cross members. Attached to the PVC 

72"

16"

 

 Fig. 14.17.  Overall Device. 
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board are four aluminum handles, which are used to 
lift the board. Also, foam is attached to the bottom of 
the board along the sides and top and bottom, 
allowing the user to lift from the bottom side of the 
board as well. 

The second major component of the design is the 
arm bar and head rest. The rod of the arm bar is 1” 
in diameter, and the handle bar is 16.5 “ wide. The 
headrest is a donut shape and is 8.5 “ in diameter for 
the adult size.  The donut shape benefits patients 
because it allows them to place both the back of their 
head and their forehead on it.  

The arm stabilizers consist of a base, a pivot, a linear 
bearing and an arm rest.  The base has the 
dimensions of width 2”, length 7”, and thickness 1”. 
Attached to the base is a piece of gray PVC (type 1), 
3” x 6” x 1”, on which the patient‟s arm can rest.  
The leg fixation device is comprised of two bases, 
measuring 10” x 2” x 0.75 “ and is made of gray PVC 
(type 1). Along with these two bases, there are two 
leg stabilizer bars.  The bars consist of a piece of high 

density polyethylene (HDPE). The bar was cut so it 
has a recess in it where the legs will be stabilized. 
The bar has dimensions of 2.5“ x 1”.  On each side of 
the bar an aluminum linear bearing is attached by 
aluminum bolts.  These bearings attach to one of the 
aluminum extrusions on one of the leg stabilizer 
bases, and the other bearing attaches to the 
aluminum extrusion on the opposite leg stabilizer 
base. The bearings have a hand knob on them 
allowing users to position themselves.     

The part of the fixation bar that comes in contact 
with the patient has a T-foam covering it to ensure 
comfort.  This T-foam eliminates pressure points, 
absorbs shock and vibration and recovers 
completely after being used.  The foam is breathable 
and lightweight. The track system used in this 
design involves silicon bronze carriage bolts. The 
bolts go through a slit in the base and attach to the 
arm stabilizer and knee fixation device.   

The cost of parts and materials was about $1100. 

 

 

 Fig. 14.18. Prototype. 
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 INTRODUCTION 
 An adjustable art table (Fig. 14.19) was designed for 
artists with cognitive and physical disabilities at an 
art studio for adults with disabilities. The project 
was to fulfill a need for a wheelchair-friendly art 
table. The client requested that the table be sturdy, 
not electronic and accommodate multiple users at 
once. A mechanical approach was taken and various 
raising devices were explored. A mechanical height 

adjustment makes for   greater stability and does not 
require electricity or a motor. The table was built 
with a large, smooth tabletop, designed specifically 
for multiple users making art. The height 
adjustment feature allows the table to adjust 
between 29 and 42.5 inches. The table requires just 
one person to raise it, and two people to lower it.  

 

 

 Fig. 14.19. Final Product. 
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 SUMMARY OF IMPACT 
 The art table adjusts to different heights smoothly 
and efficiently. This table is useful in that it can seat 
three wheelchair users comfortably on each side. 
There are also no sharp edges. The tabletop is made 
of plastic and has smooth corners and round edges 
for safety. The hydraulic release button is placed so 
that if the tabletop were bumped on any side, the 
button would not be able to be activated 
accidentally. If this does happen however, the table 
will raise instead of lowering onto the user. 

The table allows people with disabilities to easily 
and safely pursue their artistic endeavors. The artists 
will feel a greater sense of independence due to the 
lack of assistance they will need when using the 
table. Artists can easily hit the release button and 
raise the table to a desirable height independently. 
Further efforts to ensure a consistent height on both 
ends, yielding a consistently flat surface are in order. 

 TECHNICAL DESCRIPTION 
The table (Fig. 14.20) adjusts using a simple 
pneumatic device. There are two gas springs located 
at opposite corners of the tabletop, which, when 
engaged, each apply 14 pounds of force to the 
tabletop. The gas springs are nitrogen-gas-filled 
cylinders that apply a constant pressure against a 
piston. When unlocked, the piston is free to move. 
When the load applied to the two gas springs is less 
than 28 pounds, the combined force of the two gas 
springs, the piston will extend from the gas spring 
and raise the tabletop. The piston can be extended 13 
inches, which allows the table to be adjustable 
between 29 and 42 inches high. The locking nature 
of the springs also allows the tabletop to be stopped 
at any position in this range. The gas springs are 
controlled using a parallel hydraulic release system. 
The release system controls both gas springs using 
one button, which allows them to adjust equally. 
This also makes it easy to adjust the table because 
only one person is needed to press the button. 

Since there are only two gas springs, the tabletop 
would be unsteady if there were not supports in the 
other two corners.  This is accomplished using 
aluminum legs that are composed of two separate 
bars, one attached to the upper framing of the table 
and the other attached to the base, joined by a linear 
motion bearing.  This bearing allows for unhindered 
sliding between the two parts of the leg, which 
allows them to adjust easily when the gas springs 

are in use.  The bearings are equipped with brakes 
that lock the leg securely in place.  These brakes 
were tested to hold at least 300 pounds without 
failing. These legs also maintain stability if the gas 
springs are accidentally engaged while someone is 
using the table, providing vital safety measures for 
protecting the artist.  The brakes must be disengaged 
before adjusting the height of the tabletop, and 
locked again before use. 

The tabletop is made of a strong plastic, but it is also 
very light.  The table is 30 by 72 inches in size, but 
only weighs approximately 20 pounds.  This means 
that the gas springs can raise the tabletop without 
the assistance of the user. The large table surface 
allows for a great group area for producing art 
work.  A smooth surface allows for easy cleaning. 

The tabletop is attached to an aluminum framing 
that runs under the middle of the table and along 
the sides.  This framing provides support under the 
table to prevent any bending of the table when 
under large stresses.  It also provides an area for the 
attachments of the gas springs and the aluminum 
locking legs.  The locking legs are attached using 
simple L-shaped brackets.  The gas springs are 
attached by screws in the top of the hydraulic 
release.  Brackets are attached at the two sides of the 
gas spring to prevent sideways torque.  The legs are 
attached to bases that are three inches wide by 30 
inches long.  The bases extend along the sides of the 
table.  The locking legs were mounted to this base in 
the same way as they were to the top framing.  The 
bottoms of the gas springs are threaded, so special 
mounts were made with a hole that screwed onto 
the gas springs.  The mount was then screwed onto 
the base. 

To adjust the tabletop, one simply presses the 
release button.  To lower the table, a second user is 
needed to provide force to press the piston back into 
the gas spring.  A person stands at each end of the 
table and applies five to ten pounds of force down 
on the tabletop while pressing the release button.  
The button is released when the table is at the 
desired height. During initial tests of the prototype 
there were issues with friction between the two 
parts of the locking legs.  The weight of the corner, 
which is unsupported during adjustments, caused 
the corner to dip slightly instead of remaining even 
with the corners supported by the gas springs.  This 
caused the top parts of the legs to press against the 
bottom part and to come slightly off of the bearing.  
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To fix this an additional bearing pad between the 
two legs was inserted.  This kept the table more level 
because the top leg could not move closer to the 
bottom leg.  Also, it made the movement between 
the two parts much smoother by providing a surface 
with less friction and also by forcing the parts to stay 
aligned in the bearing.  The table is easy to adjust, 
and its price is comparable to other art tables on the 

market, many of which are difficult to adjust or 
require electricity.  

The table cost about $710 to manufacture; this was 
mostly due to the expensive gas springs, which cost 
about $300. 

 

 

 

 

 Fig. 14.20.  Adjustable Art Table. 




