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 I        

Abstract 
 
This project will provide a solution to the need for a workstation computer desk for people 
with physical disabilities that will allow the height of the monitor table and the keyboard 
table to be adjusted individually by means of power driven mechanisms that are operated by 
an adaptive control system. 
 
The adaptive control system for this project will consist of an infrared transmitter (like a 
remote control for a television) that will direct power to the height adjustment mechanisms of 
the computer desk. 
 
The customers for this project are the residents of the Beechwood Home in Cincinnati, Ohio, 
who are typically wheelchair bound, and use the computer lab at Beechwood on a regular 
basis. They currently require assistance to adjust their computer desk. 
 
The goal of this prototype is to allow someone with physical disabilities to setup their 
computer desk independently. 
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1.0 Introduction 
 
The scope of this design is to provide a workstation computer desk that has separate 
tables for the monitor and keyboard, whose heights can be adjusted by a person with 
physical disabilities. This introduction will describe the current situation, state the 
problem with the existing computer desks, and analyze the special needs of people with 
physical disabilities. 
 
The Beechwood Home in Cincinnati, Ohio [1] is a residential housing facility for people 
who suffer from some type of physical disability and need special care. There may be 
various reasons for their disability. Muscular Dystrophy is one that attacks people of 
various ages and requires them to use a motorized wheelchair for mobility, and weakens 
and/or limits the use of their arms or hands. Many of the residents of Beechwood have 
enough functionality in their hands that they can operate the mouse and keyboard of a 
standard workstation computer. While their bodies may be weak, their minds are strong, 
and they need a creative outlet. The computer lab provides that outlet. Many of the 
residents create greeting cards that are sold in the gift shop at Beechwood. One 
gentleman is writing a book. Whatever their reason, the computer lab is popular with 
many of the residents. 
 
 The computer lab at Beechwood has eight workstation style computer desks that various 
residents use throughout the week. There are different people using the lab at various 
times of the day, or days of the week. As different people come in to use the lab they 
must adjust the height of the monitor and the keyboard tables to fit their need. This is 
where they have a problem. 
 
1.1 Problem Statement 
Ms. Kay Barker, a physical therapist at the 
Beechwood Home [2], states that the residents 
that use the computer lab cannot setup and operate 
the computer desks independently. The computer 
desks in the lab are manufactured by the Mayline 
Company of Sheboygan Wisconsin [3]. The desks 
are a Model No. 650 (See Figure 1), and have a 
motor driven mechanism that raises and lowers 
the main table that supports the monitor and the 
computer (CPU). The users disability prevents 
them from using the standard type of switches 
that are supplied with the existing desk. The 
switch for this table is located under the keyboard 
table. The keyboard is mounted on a separate table that has a separate manually operated 
mechanism to raise and lower the keyboard. An attendant at the computer lab is required 
to set the height of the desk for the residents.  
 

Figure 1-Mayline Desk 
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Ms. Barker also states that the telescoping column that is located in the center of the desk 
is an obstruction for residents whose legs cannot be bent into the standard sitting position. 
In addition, the CPU sits on the larger table next to the monitor. The users cannot reach 
the CPU to either turn on the computer, or reach the drives to insert their CD’s or disks. 
 
1.2 Design Requirements 
Ms. Barker has requested that the monitor and keyboard tables be adjustable separately 
by power-activated mechanisms through a range of motion in the Z-axis (vertical), so the 
user can set the height of the tables to fit their needs. She further request that the power 
driven mechanism be controlled by switches that are adaptable to function within the 
physical limitations imposed by a persons given disability. This could either be an 
infrared remote control, or a voice activated system. 
 
Furthermore, the frame of the desk and the mechanisms must be designed for proper 
ergonomics (ergonomics is the science of fitting the environment to the person). This 
would require relocating the column to the side, and providing the necessary space under 
the desk for a person in a typical motorized wheelchair.  Also, a platform must be 
provided for the CPU that would provide the appropriate reach factors for a person in a 
wheelchair. 
 
1.3 Scope of Report 
From this initial analysis, an overview of the problem and the basic design requirements 
has been established. Before the design process can begin, it is necessary to research all 
available data relevant to the design of workstation style computer desks, and the special 
needs of people who are physically disabled.  
 
The next section of this report will show the research of products, patents, and people that 
laid the foundation for the design of an adjustable workstation computer desk. With the 
research in hand, the process of evaluating various design concepts is outlined with the 
result of this process being the measurable performance objectives for the desk design. 
The remaining sections will highlight the features of the desk, explain how it was built 
and tested, and end with the conclusion and recommendations for the future. 
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2.0 Research 
 
The design process begins with research of the potential market for an adjustable 
computer desk for people with physical disabilities, research of existing computer desk 
designs, patents related to computer desk design, industry standards that have been 
established for proper ergonomic design of workstation computer desks for office use and 
for people with physical disabilities, and a survey of the residents of the Beechwood 
Home. 
 
2.1 Research of Market 
The National Center for Medical Rehabilitation Research in their publication titled, “The 
Scope of Physical disability in America”, states that there are currently 1.2 million people 
in the United States who are partially or completely disabled, and 1 million people who 
use wheelchairs [4]. 
 
The Physically Disabled 
For people with mobility impairment, computer technology provides an opportunity to 
gain independence in daily living and working activities. With one million people in the 
United States being wheelchair bound, of which 238,000 are quadriplegics, there is a 
significant market for computer furniture that will allow for independent use of a 
workstation computer regardless of someone’s disability.  
 
While there are several manufacturers of adjustable computer desks, a power-operated 
mechanism to adjust the height of the monitor and keyboard separately, with a control 
system adaptable to an individuals needs, would provide for the independent operation of 
the system that people require. 
 
2.2 Research of Existing Products 
I have found nothing on the market that will allow for the positioning of the monitor and 
the keyboard separately, with a power driven mechanism that has an adaptive control 
system for people with physical disabilities. 
 
1. Mayline Co. Inc., Model No.: 605 (See Figure 2), 
Motor Spec: 115V, 60Hz, 2 amps. Price: $1,500 [3]. 
       
Patents: 
1,155,162 1,171,899 1,575,795  
1,608,586 2,188,543 4,381,095 
4,431,153 4,666,221 4,999,922 
5,301,616 4,330,147 5,339,750 
5,443,017 
 

The desks that they currently use at Beechwood have 
a tabletop approximately 42” wide x 17” deep, which Figure 2-Mayline, Model 650 
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supports the monitor and the CPU at the users eye level when they are in a wheel chair. 
This tabletop can be raised and lowered by an electromechanical device with the use of a 
rocker switch positioned at the left front edge of the keyboard table. The keyboard and 
mouse are supported on a separate tabletop 42” wide x 12” deep that has a manually 
adjustable height and tilt mechanism.  
 
 
2. ErgoPOD 300 (See Figure 3), sold by EnableMart.com [5].
         
The ErgoPOD 300 workstation computer desk is similar to the 
Mayline product in that it has an adjustable height mechanism 
for the table except that the support for the table has a cantilever 
design that allows it to be used over a bed. The height adjustment 
for the table is motor driven, but the keyboard adjustment is 
manual. There is no adaptive control system like a joystick or 
remote control system for the table height adjustment. 
 
        
    
 
 
3. Waterloo Conquest Momentum Low-Profile 22 
inch Arm (See Figure 4), sold by EnableMart.com 
[5]. 
 
This product is an articulating keyboard support 
arm that allows for the keyboard table to be 

adjusted in and out, vertically by 6 inches total, tilt 
to –15 degrees, and rotate 360 degrees. All 
adjustments must be made manually and locked 
into place with a knob that tightens a screw mechanism. 
 

   
 
 
4. Anthro Corporation, Fit System, Adjusta-Unit (See 
Figure 5) [6].  
 
This table has (4) legs with holes in 1’ increments for 
variable table height that must be set manually. The 
mechanism for the keyboard is manually adjustable. This 
computer desk does not have a power driven mechanism to 
adjust the height of the table for monitor or the keyboard. 
 
 

Figure 3-Ergopod 
300 

Figure 4-Waterloo Keyboard Support 

Figure 5-Anthro Desk 
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2.3 Research of Patents 
The patent that relates to the telescoping column for the Mayline Computer Desk, Model 
No. 605, is patent number 4,381,095 titled Apparatus for Supporting a Work Surface, 

 

(See Appendix B) [7]. It states the following: “An apparatus for supporting a work 
surface, such as a drafting table, that requires both vertical adjustability and a greater 
degree of stability once the desired elevation is achieved. Interposed between two 
telescoping column members are a series of spring-connected wheel assemblies that 
cooperate to apply a holding force to the base column member in order to maintain the 
extended column member at its desired attitude of elevation.” This mechanism was 
designed to eliminate any play between the telescoping columns, while minimizing 
friction between their mating surfaces. 
 
The problem with this design is that the bearing surfaces between the upper and lower 
columns are insufficient to oppose the moment forces created on the tubes. There are 
bearing wheels at each corner of the interlocking tubes, but they only contact the 
opposing tube in one direction at each corner, instead of both directions at each corner. If 
the axis of the interlocking tubes is considered the Z-axis, there must be a bearing surface 
in the X and Y direction at each interlocking corner thereby providing eight contact 
points between the tubes at two different z-axis positions. This would provide a total of 
sixteen contact surfaces between the upper and lower telescoping columns. 

2.4 Research of Industry Standards for Computer Desks 
Various individuals and organizations over the last three to four decades have developed 
standards for the design of workstation computer desks for office use. A compilation of 
this work is presented in the publication titled, Handbook of Human Factors & 
Ergonomics, 2nd

Main Table Specifications 

, Ed., (See Appendix C) [8]. A second publication titled, The Measure of 
Man and Women, [9] provides a detailed analysis of ergonomics for various sizes of 
humans as well as people who are confined to a wheelchair. Ergonomics is the science of 
fitting the environment and activities to the capabilities, dimensions, and needs of people. 
From these sources the following specifications were identified. 
 
 

Dimension (in.) 
  
Viewing distance b/w screen and operators 
eyes [8] 17-20 
Screen distance to table edge [8] 19-29 
Controls for adjustment-easily accessible [8] Infrared Remote 
Tabletop should be as thin as possible [8] 1 max. 
Screen center above floor [8] 35-45 
  
Eye-level height [9] 43-51* 
Maximum worktop depth [9] 20-25 
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Keyboard Table Specifications Dimension (in.) 
  
Keyboard to table edge [8] 4-8 
Angle of keyboard [8]  0-25 degrees* 
Adjustability of keyboard angle helpful [8]  
Keyboard should be at elbow height [8] arm rest height 
Keyboard height [8] 23-31 
  
Armrest height [9] 30* 
Lap height [9] 27* 
  
Frame Size/Clearance Specifications Dimension (in.) 
  
Width for leg clearance [8] 24* 
Space depth at feet level [8]  24* 
Provide unobstructed room under work surfaces [8] 
  
Overall width [9]  22.5-27* 
Low reach [9] 15 

 
2.5 Customer Survey 
Residents of Beechwood Home were asked four questions to determine their level of 
satisfaction with their existing computer desks. The survey was distributed to the 
residents of Beechwood by Ms. Kay Barker, and Ms. Lisa Smith, Technology 
Implementation Specialist at Beechwood Home.  Five surveys were returned. [1, 10, 11]. 
 
 
All survey responses are shown in Appendix D. A summary of the customer’s key 
requests are given here. 
 

1. Adjust the height of the monitor table with a power driven mechanism. 
2. Adjust the height of the keyboard table with a power driven mechanism. 
3. Extend the legs of the wheelchair under the monitor and keyboard tables. 
4. Operate the controls of the tables with a voice activation system. 
5. Operate the controls of the tables with an infrared remote control. 
6. Reach the computer (CPU) to turn it on and to load disks into the drives. 
7. Make the tables semi-circular. 
8. Provide a cup-holder. 
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3.0 Design Solution Process 
 
The aforementioned research provides the data necessary to begin the design solution 
process. The design process uses two tools that aid in converting qualitative data into 
measurable performance objectives that will be used in the design of the computer desk. 
The House of Quality converts customer “Wants and Needs” into quantifiable terms “the 
How’s”, with a numerical rating of importance. The Pugh Matrix provides a numerical 
rating between various design concepts. The result of the design selection process is the 
measurable Performance Objectives for the design of the Adjustable Workstation 
Computer Desk. 
 
3.2 The House of Quality 
The House of Quality is a matrix method that has been developed to quantify the 
customer wants and needs that will lead to the measurable objectives that will determine 
the final design requirements (See Appendix E). From the interviews with the therapists 
at the Beechwood Home and the surveys of the residents of Beechwood, I developed the 
What’s for the House of Quality. These are the criteria that the customer

The What’s from the House of Quality 

 determined as 
the essential requirements for their satisfaction with the computer desk. 
 

Desk Controls 
• Non-manual operation 
• Power to lift person 
• Safe to operate 
• Speed of adjustment 

Ergonomics 
• Controls for adjustment easily accessible 
• Height of monitor 
• Height of keyboard 
• Width for wheelchair clearance 
• Space depth at feet level 
• Be able to reach drives on CPU 
• Semi-circular 

Economics 
• Price 

 
The next step is to develop the How’s to be used in the House of Quality. These criteria 
come from research, customer surveys, and my engineering training. These are the 
quantifiable or technical criteria that will enable the product to achieve the desired 
What’s for the customer. The House of Quality method of selection produces a numerical 
rating for the How’s that determines which criteria are most important. This method 
focuses the development effort to achieve maximum customer satisfaction. 
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The How’s from the House of Quality 

Relative Importance Physical Features 
0.45 Design of Desk Frame 

0.13 Adaptive Control System 

0.13 Power Activated Mechanism 

0.08 Cost to Mfg/Market 

0.07 Separate Mechanism for Monitor/Keyboard 

0.07 Range of Motion in Z-Axis 

0.03 Load Rating 150-250 lbs 

0.03 Low Voltage Power 

0.02 Travel Speed of Table 
The numerical ratings on this chart clearly show the relative importance of the various 
design features. 
 
3.3 The Pugh Matrix 
The next step in the design selection process is to use the Pugh Matrix to rate and refine 
conceptual designs (See Appendix F). This process assures that the final design is 
objectively chosen to be the best design. 
 
Concept 1 incorporates the design features that are outlined in the House of Quality. The 
research of ergonomics, existing products, patents, and customer surveys provide the 
dimensional data necessary to design the form, fit and function of the desk. The only 
variation between Concept 1 and 2 is the controls for the electric motors that raise and 
lower the monitor and keyboard tables. 
 
Concept 1 uses a voice activated control system for the electric motors. This feature was 
requested in the customer survey. This system requires the use of a computer (CPU), 
voice recognition software, an analog/digital input/output card for the computer, and 
custom programming. The cost of the voice recognition software is approximately $600, 
the I/O card $200, plus the computer and the custom programming. This would exceed 
the budget for the computer desk. The use of a separate computer to control the motors 
would not provide a stand-alone solution for a computer desk. A vendor of voice 
recognition systems for word processing told me that this technology is still relatively 
new, and that in the future as its applications are expanded it may be available to control 
everything from toys to cars. 
 
Concept 2 incorporates the same ergonomic features as Concept 1 but uses an infrared 
remote to control the operation of the electric motors. This technology is fairly 
widespread, and I found several vendors that manufacture custom-designed infrared 
transmitter-receivers with 2-16 buttons that can be used to control a variety of electrical 
circuits. The two vendors that I considered offered products in the $150-200 range, which 
met the budget requirements for the prototype workstation computer desk. 
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Concept 1 
Design of Desk Frame (0.45): 

Redesign frame to meet ergonomic specifications. (The Handbook of Human 
Factors & Ergonomics and The Measure of Man and Women). 

Adaptive Control System (0.13): 
Voice recognition control system. Each desk would require a computer, computer 
software, I/O card, and programming. 

Power Activated Mechanism (0.13) 
Provide a linear actuator, self-contained power unit with accurate positioning 
capability, for the monitor and keyboard table. 

Cost to Mfg/Market (0.08) 
Job shop fabrication, structural tube frame, direct sell, and lowest price 
components. 

Separate Mechanism for Monitor/Keyboard (0.07) 
Provide a separate table and power activated mechanism for the monitor and 
keyboard 

Range of Motion in Z-Axis (0.07) 
Redesign frame to meet ergonomic specifications. (The Handbook of Human 
Factors & Ergonomics and The Measure of Man and Women). 

Load Rating 150-250 lbs. (0.03) 
Design frame to withstand 250 lb. load rating. Choose linear actuators for 
required load rating 

Low Voltage Power (0.03) 
 Choose linear actuators rated for 12VDC power. 
Travel Speed of Table (0.02) 
 Based on empirical data (existing product travels approximately 0.75 in/sec). 
Concept 2 
Adaptive Control System (0.13): 

An infrared remote control with a separate transmitter and receiver for each desk. 
Cost to Mfg/Market (0.08) 

Job shop fabrication, structural tube frame, direct sell, and lowest price 
components. 

 
 
3.4 Performance Objectives 
The performance objectives represent the final, measurable criteria for the design 
requirements of the adjustable workstation computer desk. This completes the design 
solution process.  
 

1. All adjustable components of workstation computer desk must be power driven. 
2. All power driven components must be controllable by an adaptive control system 

(infrared remote control). 
3. Power driven components must be low voltage for safety. 
4. For safety, the control system for power driven components must be designed so 

that they automatically return to the off position when not engaged by the user. 
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5. Maximum lift capacity for the computer table is 150 pounds. 
6. Maximum lift capacity for the keyboard table is 10 pounds. 
7. Maximum travel speed for the computer and keyboard tables is 0.70 inches per 

second (empirical data). 
8. Cost to build the computer desks must be approximately $1500-2000 per desk. 
9. Ergonomic Factors: 

a. Monitor height: 41-51 in. 
b. Keyboard height: 27-35 in. 
c. Reach factors for CPU: 15-20 in. vertically, unlimited horizontal reach. 
d. Width for leg clearance: 26 in. minimum. 
e. Space depth at feet level: 24 in. depth, unobstructed. 
f. Controls for adjustment easily accessible 

 
These nine performance objectives comprise the Proof of Design criteria that is outlined 
in section 5.3 Testing and Proof of Design, page 20.  
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4.0 Computer Desk Design 
 
Based upon the nine measurable performance objectives identified through the design 
solution process, design features of the Adjustable Workstation Computer Desk were 
determined. This section outlines the ergonomic design features, the mechanical design, a 
sample of the calculations required for the mechanical design, the design of the electrical 
and control system, and finally the specifications. 
 
4.1 Ergonomic Design 
The frame of the desk has been designed in a cantilevered fashion that will allow the 
customer to roll their wheelchair under the frame of the desk without any obstructions to 
their feet and/or the frame of their wheelchair. This design required moving the 
telescoping tube/mechanism that adjusts the height of the desk, to the side of the frame. 
 
Features of the ergonomic design (See Figure 6 and 
Appendix G): 

1. The monitor and keyboard heights are 
individually adjustable by means of power 
driven mechanisms. 

2. Full wheelchair width under desk. 
3. The space depth for legs is unobstructed. 
4. The CPU platform is located at the lower 

right side of the frame, and mounted to the 
upper movable section of the frame for 
height adjustment. 

5. The tables are semi-circular. 
 
 
 
 
4.2 Mechanical Design 
The main component of the mechanical design is 
the telescoping tube. It must be designed to resist 
the forces of a cantilevered load and still provide a 
smooth, wobble free axial motion implied by the 
linear actuator. (See detail drawings in Appendix 
G.) 
 
The telescoping tube is made of square structural 
tube, four inches square for the lower, inner tube 
and five inches square for the outer, upper tube. 
The tubes are kept in intimate contact by (16)-
1x2” Ultra-High-Molecular-Weight-Polyethylene 
pads that are machined for a tight fit between the 

Figure 6-Adjustable Workstation Desk 
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tubes, and bolted to the lower tube with (2)-1/4-20 x 1.0 inch flat head screws at each 
pad. This material has a low coefficient of friction (0.10-0.20) and has a high resistance 
to abrasion and wear. 
 
The power device that imparts linear motion to the 
telescoping tube is the linear actuator (See Figure 7 
and Appendix H) [12]. The actuator is mounted inside 
the upper and lower telescoping tubes by means of a 
fabricated steel bracket that is bolted to the inside the 
tubes. The actuator has a 12VDC motor that drives an 
acme-screw shaft through a series of gears. It is rated 
at 450 pounds lifting capacity, and a 10-inch range of 

motion. Its speed of motion is 0.75 inches/second, 
which is a safe speed for the adjustment of the desk 
height based on empirical data collected by 
observation of the existing Mayline computer desks [3].  
 
 
 

The keyboard mechanism is other mechanical 
component of the desk (See Figure 8). This 
mechanism is a patented design that is 
manufactured by the Mayline Group [3]. It is an 
articulating arm mechanism that uses a four-bar 
linkage design, which provides approximately a 
ten-inch range of adjustment for the height of the 
keyboard table while keeping the table level with 
the floor. A linear actuator (See Figure 9 and 
Appendix H) [12} has been added to make the 
mechanism power activated. The Electrak Model 
E050 has a 12VDC motor that drives an acme 
screw axially through a series of gears. This 
actuator has a load rating of 112 lb, and travels at 
0.70 in/sec. 

Figure 7-Danaher Motion- 
Electrak Model E150 

Figure 8-Mayline Keyboard 
Mechanism 

Figure 9-Danaher Motion-
Electrak Model E050 
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4.3 Calculations 
The Design Live Load for the computer desk is based on comparable computer desks. 
The standard is 150 pounds. The Dead Load, the weight of the upper frame, will be rated 
at 150 pounds. The Total Load of the desk for calculations will be 300 pounds. 
 
4.3.1 Dynamic Calculation 
The Dynamic Load is a function of the Total Load moving at a speed of 0.75 inches per 
second while the motor is activated. The calculation for the Dynamic Load (Fd) is as 
follows: 
 
W = total load = 300 lb 
g = acceleration of gravity = 386.4 in/sec2 
d = speed of actuator = 0.75 in 
t = time = 1 second 
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4.3.2 Forces and Moments on Frame 
The frame is subject to bending moments due to the eccentric loads imposed on it. The 
resolution of these forces is as follows [13]: 
 
F1 = live load + dynamic load = 201 lb. 
F2 = dead load = 150 lb. 
d1 = 35.5 in. 
d2 = 21.5 in. 
d3 = 39 in. 
R = ? 
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4.3.3 Stress and Deflection in Frame 
The frame will be designed for the stress and deflection created by the applied forces and 
reactions. The material used to build the frame is rectangular and square structural steel 
tubing, A500 Grade B that has the following properties [14]: 
 
Tensile strength = 58,000 pounds per square inch (psi) 
Yield strength (Sy) = 46,000 psi 
Modulus of Elasticity (E) = 29,000,000 psi 
 
(See Appendix I for a chart of the calculations used to design the frame members.) 
 
4.3.4 Designing the Frame for Stress 
The design for stress will be based on the yield strength of the material with an applied 
safety factor of two (2). The calculation for stress will be arranged to solve for the 
required section modulus of a given member [15]. The required Section Modulus of all 
frame members is given in Appendix I. The required section modulus for the upper table 
support is: 
M = moment 
Z = required section modulus 
N = safety factor = 2 
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A 2-inch high x 3-inch wide rectangular tube with a 0.250 wall thickness has a section 
modulus of 1.2968- in3 (See Appendix I)[15,16]. This is over designed, but we need to 
check the deflection. 
 
4.3.5 Designing the Frame for Deflection  
The design for deflection will be based on the modulus of elasticity of the material. To 
determine an allowable deflection we will divide the length of the member by a factor of 
360 (L/360-from beam calculations). The calculation for deflection will be arranged to 
solve for the required moment of inertia of a given member [15]. The required Moment 
of Inertia of all frame members is given in Appendix I. The required moment of inertia 
for the upper table support is: 
 
W = load 
E = modulus of elasticity 
I = required moment of inertia 
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D = length/360 
l = length of member 
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The same 2x3 rectangular tube with a wall thickness of 0.250 inches has a moment of 
inertia of 1.296 in4 (See Appendix I)[15,16]. This value exceeds the required moment of 
inertia by 25% so this will be the size of member we will use for the upper table support. 
 
4.3.6 Calculation of Frictional Forces on Telescoping Tube 
The calculation of frictional forces, resolves the moment forces created by the live and 
dead loads into the reaction force and the resulting frictional forces between the inner 
surface of the upper steel tube and the polyethylene pads [17]. 
 
A. Moments and Reaction Forces 
Live Load: F1=150 lb. 
Dead Load: F2=50 lb. 
d1=35.5 in. 
d2=21.5 in. 
d3=4.5 in. 
d4=4.5 in. 
Reaction Force: R=? 
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B. Frictional Forces 
Coefficient of Friction: 
Ultra-High-Molecular-Weight Polyethylene (UHMW-PE) on Steel 
(www.matweb.com, Poly Hi Solidur TIVAR UHMW-PE Sheet)[18] 
Static: u = 0.15-0.20 
Kinetic: u = 0.10-0.14 
 
 
 

http://www.matweb.com/�
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Force of Static Friction 
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Force of Kinetic Friction 
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From these calculations the maximum frictional force for the design will be 190 lb. 
 
4.3.7 Calculations for the Mounting of the Linear Actuator in the Telescoping Tube 
The linear actuator is mounted to the telescoping tube through a 3/8” diameter hole in a 
cylindrical stem on either end of the actuator. The cylindrical stem will be bolted to a 
mounting bracket that will in turn be bolted to the inside of the upper and lower tubes 
respectively. The maximum force created by the actuator is 450 lb. This will be our 
design load. 
 
A. Shear strength of mounting bolt 
The mounting of the actuator to the mounting bracket will be with one (1), 3/8” diameter, 
SAE Grade 5 hex bolt. This bolt is made of medium carbon steel with a minimum yield 
strength of 50,000 pounds per square inch. The bolt is in double shear. The capacity of 
the joint in shear is: 
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B. Bearing strength of mounting plates 
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The actuator is bolted to the mounting bracket through two (2)-1/4” thick steel plates. 
The plates are made of A36 hot rolled steel with a minimum yield strength of 36,000 psi. 
The bolt bears against the surface of the 3/8” diameter mounting hole that is drilled 
through the plates. The capacity of the joint in bearing is: 
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C. Tensile strength of mounting plates 
A direct tensile force is applied to the mounting plate through the centroid of the hole in 
the plates. The tensile strength of the plates is a function of the number of plates, two (2), 
the width of the plate, 1.25 inches, and the thickness of the plates, 0.25 inches. The plate 
material is A36 steel. The capacity of the joint in tension is: 
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The load capacity of the mounting bolt and plates exceeds the design load of 450 lbs. 
 
 
D. Moment capacity of Mounting Bracket 
The design load of 450 lbs produces a moment reaction in the tubular steel mounting 
bracket that connects the actuator to the inside of the telescoping tubes. The mounting 
bracket will be fabricated from A500 Grade B structural steel tubing with ¼ inch thick 
steel plates welded to each end. This bracket will then be bolted to the inside surface of 
the tube with two, (2)-1/4 inch diameter bolts at each end. Based on the design of the 
actuator, the 450 lb load applied by the actuator is applied off of the center axis of the 
tube. The required section modulus of the bracket at the rated load is as follows: 
 
Rated Load (F1) = 450 lb 
Yield strength of tube (Sy) = 46,000psi/2 = 23,000 psi 
Length of mounting bracket: 
(L) = Width of Tube – (2)*wall thickness = 4.625 inches 
Length (a) = 1.807 inches 
Length (b) = 2.818 inches 
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Required section modulus of tube (Z) =? 
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The tubing purchased for this project is 2x1x0.120 inch rectangular tube with a section 
modulus of 0.2045 in3 (See Appendix I)[17,14]. Even though this is over designed we 
will make use of the available material to make the bracket. 
 
 
4.4 Electrical and Control System Design 
4.4.1 Electric Motors 
The electric motors used in the linear actuators are rated at 12VDC/15 amps for the 
Electrak Model E150, and 12VDC/5amps for the Electrak Model E050 [12]. Each 
actuator has built-in limit switches that open the circuit when the given actuator reaches 
the end of is stroke. The direction of rotation of the motor that will either extend or retract 
the shaft of the actuator is controlled by the polarity of the voltage that is connected to the 
motor. Positive to negative polarity extends the given actuator, and then reversing the 
polarity retracts the actuator. (See Appendix J) 
 
4.4.2 Power Supply 
The power requirement for the linear actuators is 12VDC with a maximum 15-amp 
rating. For the prototype, a 12-volt automotive battery will supply the power. For a 
production unit a 180-watt power supply would be used. A 15-amp slo-blo fuse will be 
connected in line between the power supply and the Electrak Model E150 actuator, and a 
5-amp slo-blo fuse between the Model E050 actuator, to provide over current protection 
for the respective motors. 
 
4.4.3 Infrared Controls 
The direction of the motors is controlled by the use of an infrared transmitter and a 
separate infrared receiver for each motor. This control system is manufactured by GAMA 
Electronics, in Sheboygan , WI (See Appendix K) [19]. Each receiver is rated at 12VDC/ 
40 amps. The infrared transmitter has an UP/DOWN button to either raise or lower the 
given table of the desk. The transmitter also has a selector button that allows the user to 
choose which table (motor) to raise or lower. The receiver uses the infrared signal from 
the transmitter, to activate switches in the receiver that direct current from the power 
supply to the motor. The UP button on the transmitter causes the receiver to pass current 
to the positive through negative poles of the motor. The DOWN button reverses the flow 
of current to the motor.  
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4.4.4 Relay 
A relay is used to switch power from the infrared receiver to the Electrak E150 actuator. 
Each of the infrared receivers has one (1) positive and (1) negative terminal on the input 
and the output side. The E150 actuator has three wires coming from the actuator due to 
the design of the limit switches. When the user pushes the UP button on the transmitter, 
the relay takes the positive-negative current from the receiver, and passed positive to the 
blue wire, and negative to the yellow wire of the actuator. When the user pushes the 
DOWN button, the relay takes the reversed current from the receiver and passes positive 
to the yellow wire, and negative to the red wire of the actuator. A diode is used in the 
circuit from the receiver to the relay, to block current to the coil when the flow is positive 
to negative, but to allow current to activate the coil when the current is reversed. This is 
how the relay switches the incoming power to either two of its four output terminals (See 
Appendix J for wiring diagram)  
 
 
4.5 Specifications 
The specifications for the electrical and control system components are listed in 
Appendix L. 
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5.0 Build and Test 
 
5.1 Fabrication and Assembly 
The tubular steel frame of the desk was fabricated by myself, Robert O’Neill in my 
garage and at the North Lab facility at the College of Applied Science. My qualifications 
for this work come from my ten years of experience as a welder/fabricator/machine 
operator prior to beginning my career in engineering at the University of Cincinnati. 
 
At the North Lab facility, the sixteen (16) UHMW-polyethylene Friction Pads, 1 x 2 inch 
x 0.313 inch-thick, were cut from half-inch thick stock, and machined to the proper 
thickness on a Bridgeport milling machine. Also fabricated at the North Lab was the 
Computer Support. It is made from a 16-gauge steel plate that was sheared to size, then 
formed on a press brake. The remaining components of the Computer Support were 
welded using the MIG welding process. 
 
In my garage, the frames for the Upper and Lower Table Assemblies, were cut, welded, 
drilled, tapped, and painted.  I also fabricated the Mounting Brackets for the linear 
actuators. 
 
The Monitor and Keyboard Tables were fabricated by a local vendor, Mike Sullivan, on a 
programmable router table that cuts the material to size from the actual CAD drawings of 
the tabletops. They are made from 1-1/2 inch-thick particleboard with a plastic laminate 
top and 1 inch-thick plastic edging. 
 
The final assembly of the Adjustable Workstation Computer Desk took place in my 
garage on April 30, 2003. 
 
  
5.2 Wiring 
The electrical controls for the Electrak E150 linear actuator were designed, assembled 
and tested by Mr. Tom Sullivan, an engineer at Southern Ohio Printing, my wife’s 
employer. I took the E150 linear actuator and the infrared remote control unit to their 
shop on April 29, 2003 to wire to components. Using a battery charger as a power supply, 
Mr. Sullivan wired power from the battery charger, to the infrared receiver, to the relay, 
and to the linear actuator. As stated in section 4.4.4 Relay, the key to switching power 
from the positive and negative output wires of the infrared receiver to the three input 
wires on the E150 linear actuator, is the relay with diodes. Mr. Sullivan wired and tested 
this system while I watched, listened, and learned.  
 
The wiring for the Electrak E050 linear actuator was straightforward with the positive 
and negative wires from the infrared receiver connected directly to the red and yellow 
wires, respectively, from the actuator. 
 



  21   

 
Adjustable Workstation Computer Desk  Robert O’Neill        

5.3 Testing and Proof of Design 
The load testing of the Adjustable Workstation Computer Desk took place on the day of 
final assembly, April 30 2003, in my garage. This test was performed by myself, and 
recorded on videotape for confirmation that evening by my advisor, Professor Kettil 
Cedercreutz. Starting at its lowest position, a live load of 225 pounds was placed on the 
Monitor Table and the desk was raised to its full height then returned to its starting 
position. This test was performed three times. The Telescoping Tube mechanism 
performed flawlessly. It raised and lowered the applied load without any stall or 
hesitation from the linear actuator, and there was no binding or looseness in the upper and 
lower tubes. Power to the linear actuator was controlled by the use of the infrared 
transmitter. This test exceeded the design requirement for a live load of 150 pounds. 
 
The test for the Keyboard Table was performed at the same time and recorded on 
videotape for confirmation. A live load of 15 pounds was placed on the table, and it was 
raised and lowered through its range of motion with the use of the infrared transmitter. It 
too performed flawlessly. This test exceeded the design requirement of 10 pounds. 
 
The Proof of Design occurred on May 12, 2003 in the computer lab at the Beechwood 
Home. Participating in the test were Ms. Fran Heffner, a resident of Beechwood, Ms. Kay 
Barker, and Ms. Lisa Smith. Witnesses to the test were Dr. Maria Kreppel and Professor 
Kettil Cedercreutz of the University of Cincinnati. The operational procedure of the desk 
was demonstrated and explained to the test participants, and the infrared transmitter was 
given to them to operate the desk. A monitor, keyboard and a computer (CPU) were 
mounted on the desk to confirm proper ergonomics. Ms. Heffner was able to fit her 
motorized wheelchair under the frame of the desk with no interference, and set the 
heights of the monitor and keyboard tables to meet her requirements (See Figure 10). She 
was also able reach the controls and drives of the CPU without any problem. This 
confirms the ergonomic requirements of the desk. Ms. Barker and Ms. Smith voiced their 
approval of the desk. Professor Cedercreutz stated that the Adjustable Workstation 
Computer Desk had passed the Proof of Design (See Appendix M). 
 

 
Figure 10-Ms. Fran Heffner 
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6.0 Project Management 
 
6.1 Time Schedule 
The proposed and actual time schedule for the project is detailed in Appendix N. The key 
activities are displayed using a Gantt chart that visually illustrates the elapsed time 
required to complete the corresponding task in the horizontal plane. During autumn 
quarter the submission of the final proposal along with necessary research took place. 
The ten weeks of winter quarter, January through March, were devoted to the design of 
the prototype, concluding with an oral presentation to the faculty and a written report 
submitted to my advisor. The building and testing of the prototype occurred during spring 
quarter with the prototype being demonstrated at the Beechwood Home on May 12, 2003 
and presented at the College of Applied Science, Tech Expo on May 16, 2003. A final 
oral presentation of the completed prototype was given to the faculty on May 22, 2003, 
with the final written report delivered to Professor Cedercreutz and Dr. Kreppel on June 
12, 2003. 
 
Prior to fabrication, the critical path items, the motors and controls, were ordered in 
March to allow for extended lead times and possible complications, which there were. 
One of the actuators was damaged in shipment, and the infrared controls took longer than 
expected to ship.  All other tasks in the design and fabrication schedule occurred without 
a problem, and all deadlines were met. 
 
6.2 Budget 
The proposed budget for the project is detailed in Appendix O with a detailed Bill of 
Material and prices in Appendix P. The proposed budget for the prototype of $1500-2000 
was established based upon the price that Beechwood paid for their existing workstation 
computer desks, and similar products that are on the market. 
 
The cost of the prototype of the Adjustable Workstation Computer Desk is $1,551. It may 
be higher than a normal production model because some of the components are being 
purchased at list price due to the low quantity of items that were purchased. The list price 
is typically double the price that a manufacturer would normally pay as an Original 
Equipment Manufacturer (OEM). The cost of the prototype unit is for materials only. It 
does not include any estimated or actual labor costs.  
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7.0 Conclusion and Recommendations 
 
7.1 Conclusion 
From the research of the human aspects related to the design of an Adjustable 
Workstation Computer Desk, the word that was repeated was independence. Many of us 
use the computer in our daily lives, but for the person with physical disabilities whose 
mind is fully functional and full of creative energy, the computer can provide a rewarding 
outlet for their creativity. The existing workstation computer desks that were researched 
had barriers. These barriers were such that a user with physical disabilities required the 
assistance of a normally ambulatory person to adjust the desk to fit their needs before 
they could begin to use the computer. They also could not reach to CPU to turn it on or to 
load their media into to one of the drives. The goal of the Adjustable Workstation 
Computer Desk prototype is that a person with physical disabilities can setup and operate 
their computer independently. The proof that the design goal was achieved was given 
during the demonstration of the prototype at the Beechwood Home on May 12, 2003. 
 
7.2 Recommendations 
7.2.1 Product Liability 
The first issue related to the design of the prototype is product liability. A production 
model would require a safety bar under the keyboard table that would stop either of the 
motorized tables when their height was being adjusted downward. During the 
demonstration we found that the best way to adjust the height of the desk was to raise it 
to its fullest height, then lower the tables into position over the user so that the height of 
the monitor and keyboard was at just the right height for their use. If something 
malfunctioned it would be imperative that there be a kill switch to open the circuit to 
either of the motors to prevent injury to the user. 
 
There may be additional liability issues that may exist. A thorough research would be 
necessary to ensure that the product would be safe for the user, especially taking into 
consideration the special needs and physical limitations related to people with physical 
disabilities. 
 
7.2.2 Ergonomics of Controls 
During the demonstration at Beechwood, it was discovered that Ms. Heffner had 
difficulty depressing the buttons on the infrared transmitter that was used for the 
prototype. What is needed is an infrared transmitter that would fit into the palm of the 
hand comfortably, with large raised buttons spaced approximately one-half-inch apart, 
that require only a light touch to depress similar to the pick button on a standard mouse. 
Again, more research is required to either find the appropriate vendor, or if necessary 
custom manufacture the device. 
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7.2.3 Design for Manufacturability 
The sixteen polyethylene pads proved to be an effective means of providing low friction 
contact between the telescoping steel tubes, as well as providing sufficient bearing 
surfaces to resist the cantilevered loads imposed on the telescoping tube by the desk 
frame. During the fabrication of the prototype, it was necessary to hand sand the 
polyethylene friction pads that are bolted to the lower tube, so that it would fit snugly 
inside the upper telescoping tube without being too tight. This was a tedious and time-
consuming operation. An improved design or method of fabrication would be required to 
reduce production time while providing smooth, wobble-free operation of the telescoping 
tube. 
 
7.2.4 Market Analysis 
Before further product research or design, a detailed market analysis would have to be 
performed to determine the size of the market, required pricing, and any additional 
options or features that the user of a workstation computer desk may need. During Tech 
Expo I received several positive comments from people who thought it was “elegant” and 
very practical. I was also approached by a former nurse who told me of a trade show 
where I could demonstrate my prototype. 
 
While the idea of producing Adjustable Workstation Computer Desks is appealing, a 
market analysis would provide the necessary information for future decisions. I do have a 
standing order for eight desks from Kay Barker, for the computer lab at the Beechwood 
Home. 
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Beechwood Home, 2140 Pogue Ave, Cincinnati, Ohio 
 A residential home for people with physical disabilities. 
 
Kay Barker, Physical Therapist, Beechwood Home 

Ms. Barker is a Physical Therapist at Beechwood Home. I met with Ms. Barker 
on 9/30/02 and 10/21/02 to discuss the needs of the people in her care.  

 
Lisa Smith, Technology Implementation Specialist, Beechwood Home,  

I met with Ms. Smith on 10/21/02 and 11/4/02 to discuss the needs of the people 
who use the computer lab. 
 

Residents of Beechwood Home: The customer for this project. 
 The residents are a resource for how an ideal computer desk should work for 
anyone who is wheelchair bound. They can be a test group for the development of 
a variety of products for the disabled. 

 
Enablemart.com, EnableMart sells a variety of computer related products designed to 
assist people with disabilities. 
 
Danaher Motion Components Group; www.danahermcg.com. 

Danaher manufactures a complete line of motion components that include a large 
variety of Linear Actuators. Their online documentation includes a complete listing of 
applications, product specifications, selection chart, technical explanations, glossery 
of terms, and downloadable drawings of the product. 

 
GEMA Electronics, Inc., P.O. Box 1488, Crystal Lake, IL 60039, Ph: 815-356-9600 

GEMA manufactures a line of wireless control systems that operate by infrared or 
radio frequency. Their applications are typically industrial type where you want to 
operate a motor or any combination of motors from a remote position. Their receivers 
are rated for AC or DC applications, with a heavy amperage rating, up to 40 amps. 
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Handbook of Human Factors & Ergonomics, 2nd

• ANSI/HFS-100 (1988), standard provides guidance in the design and use of 
keyboards. 

 Ed. 
Edited by Gabriel Salvendy, 1997, John Wiley & Sons, Inc. NY 
(OCAS Ref: TA 166 .H275 1997 Copy 2) 
 
Part 8, Human-Computer Interaction 
Chapter 50, Design of Computer Terminal Workstations 
 
Terms used in report: VDT (Video Display Terminal) 
 
50.5 Input Technology Issues 
50.5.1 Keyboards 

• The slope or angle of the keyboard should be between 0-25 degrees measured 
from horizontal. 

• Adjustability of keyboard angle is useful to help in achieving good wrist posture. 
• The home row of the keyboard should be approximately at the elbow height of the 

operator to reduce shoulder load. 
50.5.3 Other VDT Input Devices 

• Other input devises are: a mouse, joystick, trackball, etc. 
• Placement of the device should not induce awkward positions in its use. 
• The device should be placed within easy reach of the operator. 
• Keyboard trays (tables) should allow for placement of other input devices directly 

on the tray instead of other working surfaces. 
 
50.6 Ergonomic Design of VDT Workstations 
50.6.1 Working Surfaces 

• The tabletop should be as thin as possible to provide clearance for the operator’s 
thighs and knees. 

• Provide unobstructed room under the working surface for the feet and legs so the 
operators can shift their posture. 

• Recommended minimum width for leg clearance is 51 cm (20 in), while the 
preferred minimum width is 61 cm (24 in). 

 
50.8 General Design Issues 
50.8.1 What is ergonomics and what does it mean for computer workstation design? 
Ergonomics is the science of fitting the environment and activities to the capabilities, 
dimensions, and needs of people. 
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Customer Survey 
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1. On a scale from one to five, how important is for you to work independently at your 
computer? 
1   2 3 4 5  
Answer: Five 
Answer: Five 
 
2. What problems do you have with your existing computer desk? 
Answer: Inability to raise and adjust the keyboard table mechanism. 
Answer: Cannot independently set it up for myself and I share this computer desk with 
numerous other people here at Beechwood. 
 
3. If you could design your own computer desk, what would it be like? 
Answer: Semi-circular, so that you could move your keyboard to the left or right, the 
desktop would wrap around you. Would have a cup holder. 
Answer: I would be able to independently: 
Adjust the height of the monitor 
Adjust the height of the keyboard tray 
Adjust the angle of the keyboard 
Turn the computer on (cold boot) 
Perform a warm boot when needed 
Select the proper mouse (operate a selector switch) 
Input the needed graphics software independently (be able to reach the drives on the 
computer) 
 
4. What type of control system would you like to have to make adjustments to your 
computer desk? 
Answer: Automated either by voice or button/switch accessible to any user. 
Answer: Switch (minimal to maximum pressure to activate, and/or zero to undefined 
amount of travel for activation, and/or auditory or tactile feedback upon activation) or 
voice activation. 



  E-1   

 
Adjustable Workstation Computer Desk  Robert O’Neill        

Appendix E 
 
House of Quality 
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Safe to operate 9 5 4 5 1.0 6.3

Speed of adjustment 3 4 5 1.0 3.8
Ergonomics

Controls for adjustment easily accessible 9 5 1 5 1.0 25.0
Height of monitor 9 9 3 5 4 5 1.0 6.3

Height of keyboard 9 9 3 5 4 5 1.0 6.3
Width for wheelchair clearance 9 5 1 5 1.0 25.0

Space depth at feet level 9 5 1 5 1.0 25.0
Be able to reach drives on CPU 9 5 1 5 1.0 25.0

Semi-circular 3 4 1 5 1.0 20.0
Cup holder 3 3 1 5 1.0 15.0

Price 9 3 1 5 1.0 15.0
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Pugh Matrix 
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Motorized Computer Desk for 
People with Physical 

Disabilities

M
ay

lin
e 

D
es

k 
(D

at
um

)

C
on
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 1

C
on
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pt

 2

Rel.Imp. Physical Features
0.45 Design of Desk Frame + +

0.13 Adaptive Control System - +

0.13 Power Activated Mechanism + +

0.08 Cost to Mfg/Market - +

0.07 Separate Mechanism for Monitor/Keyboard + +

0.07 Range of Motion in Z-Axis s s

0.03 Load Rating 150-250 lbs + +

0.03 Low Voltage Power + +

0.02 Travel Speed of Table s s

Sum (+) 5 7
Sum(-) 2 0
Sum (S) 2 2
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Appendix G 
 
Mechanical Drawings & Bill of Materials 
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Appendix H 
 
Linear Actuators 
 
 
 



  I-2   

 
Adjustable Workstation Computer Desk  Robert O’Neill        



  I-3   

 
Adjustable Workstation Computer Desk  Robert O’Neill        

 
 
 
 
 



  I-4   

 
Adjustable Workstation Computer Desk  Robert O’Neill        

 



  I-5   

 
Adjustable Workstation Computer Desk  Robert O’Neill        



  I-6   

 
Adjustable Workstation Computer Desk  Robert O’Neill        



  I-7   

 
Adjustable Workstation Computer Desk  Robert O’Neill        



  I-8   

 
Adjustable Workstation Computer Desk  Robert O’Neill        

Appendix I 
 
Calculations 
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Appendix J 
 
Electrical Drawing & Bill of Materials 
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Appendix K 
 
Infrared Controls 
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Manufacturer’s Specifications 
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1. Main Table, Drive Specifications 
Linear Actuator, Danaher Motion Components, Warner Electric, www.danahermcg.com 
Model: Electrak E150 Linear Actuator 
Model Number: DF12-10W51-10LNMHN 
Voltage: 12 VDC 
Amperage (@ 12VDC): 13 amps at maximum load 
Dynamic Load: 450 lbs. 
Static Load: 900 lbs. 
Speed: 0.75 in/sec @ no load; 0.4 in/sec @ 450 lbs. 
End Play: 0.036 in. max less clevis mount 
End of Stroke: Stall, optional limit switches 
Thermal Protection: internal motor breaker 
Drive System: steel spur gears with acme screw drive, self-locking. 
Lead Wires: 16 AWG PVC 80 
Connectors: Packard Electric 56 Series 
Mounting: clevis mount 0.375” diameter 
Duty Cycle: 25% “on-time” at rated load and 70 degrees F 
Weight: 6.03 lbs. 
Dimensions: Retracted length-18.01 inches pin to pin; pin diameter-.375 in. 
 
Options 
Rear Clevis: M-3 rotation (mounting rotated 90 degrees) 
Stroke Length: 10 in stroke 
Limit Switches: Adjustable extend and retract 
Power Switch: optional DPDT 
 
Distributor: Cincinnati Belting & Transmission, Chris-sales, 621-9050, 3/4/03 
Price: $343.00 List Price 
Delivery: two weeks 
 
2. Keyboard Table, Drive Specifications 
Linear Actuator, Danaher Motion Components, Warner Electric, www.danahermcg.com 
Model: Electrak E050 Linear Actuator 
Model Number: DE24-17W41-02FNHHN 
Voltage: 24 VDC (operated at 12VDC to reduce speed) 
Amperage (@ 12VDC): 3.8 amps at maximum load 
Dynamic Load: 112 lbs. 
Static Load: 224 lbs. 
Speed (@12VDC): 0.24 in/sec @ no load; 0.19 in/sec @112 lbs. 
End Play: 0.060 in. max less clevis mount 
End of Stroke: fixed limit switches 
Thermal Protection: internal motor breaker 
Drive System: steel spur gears with acme screw drive, self-locking. 
Lead Wires: 18 AWG PVC 800 
Connectors: Packard Electric Pack-Con 

http://www.danahermcg.com/�
http://www.danahermcg.com/�
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Mounting: clevis mount 0.375” diameter 
Duty Cycle: 25% “on-time” at rated load and 70 degrees F 
Weight:  lbs. 
Dimensions: Retracted length-5.5 inches pin to pin; pin diameter-0.250 in. 
 
Options 
Rear Clevis: M-3 rotation (mounting rotated 90 degrees) 
Stroke Length: 10 in stroke 
Limit Switches: Adjustable extend and retract 
 
Distributor: Cincinnati Belting & Transmission, Chris-sales, 621-9050, 3/4/03 
Price: $168.00 List price 
Delivery: two weeks 
 
3. Infrared Remote Controls 
Manufacturer: GEMA Electronics, Inc., P.O. Box 1488, Crystal Lake, IL 60039 
 Phone: 815-356-9600, Fax: 815-356-9603 
3A. Infrared Transmitter 
Part Number: IRT024M 
Infrared transmitter designed to control a DC motor. The transmitter has two momentary 
switch positions and operates from one 9.0-volt alkaline battery. Typical operating range 
is up to 75-feet. 
Quantity: one 
Price: $60.00 
 
3B. Infrared Receiver 
Part Number: IRR024 
Infrared receiver designed for bi-directional control of a DC motor. The output has 
polarity reversing relays rated at 40 amperes at 12VDC. Terminal blocks are supplied for 
connecting the input and output wiring. 
Quantity: Two (one for each motor). 
Price: $70.00 
 
4. Power Supply (for prototype) 
A standard 12-volt automotive battery. 
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Appendix M 
 
Proof of Design 
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1. All adjustable components of workstation computer desk must be power driven. 
2. All power driven components must be controllable by an adaptive control system 

(infrared remote control). 
3. Power driven components must be low voltage for safety. 
4. For safety, the control system for power driven components must be designed so 

that they automatically return to the off position when not engaged by the user. 
5. Maximum lift capacity for the computer table is 150 pounds. 
6. Maximum lift capacity for the keyboard table is 10 pounds. 
7. Maximum travel speed for the computer and keyboard tables is 0.70 inches per 

second (empirical data). 
8. Cost to build the computer desks must be approximately $1500-2000 per desk. 
9. Ergonomic Factors: 

g. Monitor height: 41-51 in. 
h. Keyboard height: 27-35 in. 
i. Reach factors for CPU: 15-20 in. vertically, unlimited horizontal reach. 
j. Width for leg clearance: 26 in. minimum. 
k. Space depth at feet level: 24 in. depth, unobstructed. 
l. Controls for adjustment easily accessible 
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Time Schedule 
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Time Schedule - Proposed 
Month Nov Dec Jan Feb Mar Apr May Jun

4 11 18 25 2 9 16 23 30 6 13 20 27 3 10 17 24 3 10 17 24 31 7 14 21 28 5 12 19 26 2 9
No. Tasks Days Autumn Winter Spring
1 Analyze Existing Equipment 25
2 Research Continuous
3 Develop Budget 5
4 Fundraising 10
5 Write Proposal 25

6 Preliminary Design 25
7 Design Review by Beechwood 5
8 Interim Report 10
9 Redesign 5

10 Design Drawings/BOM 10
11 Final Design 15
12 Order Supplies/Materials 30

13 Mfg brackets for mechanism 5
14 Install hardware on desk 2
15 Install I/O cards & software 3
16 Wire components to computer 1
17 Program software 9
18 Prototype review by Beechwood 3
19 Adjust Prototype 2
20 Expo (May 9-10) 5
21 Written Report (Due 6/6/03) 20  

 
Time Schedule – (Winter-Spring) 

Month Jan Feb Mar Apr May Jun
6 13 20 27 3 10 17 24 3 10 17 24 31 7 14 21 28 5 12 19 26 2 9

No. Tasks Days Winter Spring
Winter

1 Research Ergonomics 7
2 Design Frame 7
3 Research Controls 5
4 Design Drawings/BOM 21
5 Design Review by Beechwood 1
6 Final Design/Written Report 14
7 Order Supplies/Materials 21

Spring
8 Order Supplies/Materials 7
9 Fabricate/Machine Components 7

10 Build Electrical Controls 7
12 Assemble Desk 7
13 Prototype review by Beechwood 2
14 Adjust Prototype 3
15 Expo (May 9-10) 5
16 Written Report (Due 6/6/03) 28  
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Budget 
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Project Budget 

Prototype Budget

Item/Description Quantity Price Total

Lead 
Time/ 
Weeks Vendor

Table Top-Laminate/Plywood 2 $100.00 $200.00 3.0 TBD
Infrared Transmitter 1 $65.00 $65.00 3.0 GEMA Electronics, Inc
Infrared Receiver 2 $75.00 $150.00 3.0 GEMA Electronics, Inc

Mayline -DataCenter Keyboard Mechanism 1 $300.00 $300.00 2.0 Mayline Group
Steel Mounting Bracket 2 $0.00 $0.00 2.0 TBD
UHMW Polyethelene Friction Pads 16 $0.00 $0.00 2.0 In-Stock

DC Linear Actuator, Model: Electrak E150, 
12VDC, Model No.:DF12-10W51-
10LNMHN 1 $350.00 $350.00 1.0

Danaher 
Motion/Cincinnati 

Belting & 
Transmission

DC Linear Actuator, Model: Electrak E050, 
24VDC, Model No: DE24-17W41-
02FNHHN 1 $200.00 $200.00 1.0

Danaher 
Motion/Cincinnati 

Belting & 
Transmission

Structural Tubing-A500 Gr B 1 $300.00 $300.00 1.0 Riverfront Steel
Adjustable Feet 4 $2.00 $8.00 1.0 Grainger
Misc. Hardware/Fasteners/Welding Rods 1 $75.00 $75.00 1.0 TBD
Wiring 1 $50.00 $50.00 1.0 TBD
Documentation 1 $20.00 $20.00 1.0 Staples
Power Supply 12-Volt Battery 1 $0.00 $0.00 0.0 In-Stock

Total $1,537.00

The prototype will be funded entirely by Bob O'Neill.
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Bill of Material 
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