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ABSTRACT 
 

 

Since 2002 the University of Cincinnati has had at its disposal an engine testing device that 

was designed and fabricated by a student in the Mechanical Engineering Technologies 

program.  The purpose of this device was to educate students on the properties of a 4-stroke 

internal combustion engine.  The device was designed to demonstrate the process and 

function of a simple engine.  The device included multiple sensors that allowed for students 

to take accurate measurements that would later be used to calculate seven of the performance 

characteristics for the engine.  This device was reliable and accurate up until spring of 2010 

when Senior Lab Associate Doug Rife deemed the device unusable. (1)  Without this device 

the College of Engineering and Applied Science has been forced to exclude this lab from the 

current Thermodynamics curriculum.  The purpose of this report is to highlight the design 

and fabrication of a new test stand that will effectively replace the previous device.
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INTRODUCTION 

BACKGROUND 

Since 2002 the University of Cincinnati has had at its disposal an engine testing device that 

was designed and fabricated by a student in the Mechanical Engineering Technologies 

program.  The purpose of this device was to educate students on the properties of a 4-stroke 

internal combustion engine.  The device was designed to demonstrate the process and 

function of a simple engine.  The previous device design can be seen below in Figure 1. 

 

Figure 1- Previous Device Design 

The device included multiple sensors that allowed for students to take accurate measurements 

that would later be used to calculate some of the performance characteristics for the engine.  

This device was reliable and accurate up until spring of 2010 when Senior Lab Associate 

Doug Rife deemed the device unusable. (1)  Without this device the College of Engineering 

and Applied Science has been forced to exclude this lab from the current Thermodynamics 

curriculum.  The purpose of this report is to highlight the design and fabrication of a new test 

stand that will effectively replace the previous device while improving upon durability in 

order to ensuring its longevity. 
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RESEARCH 

The most important factor of this design is that it meets the needs of the faculty and students 

that would be using it.  In order to better define these criteria an interview with the 

Mechanical Engineering Technologies Program Coordinator Muthar Al-Ubaidi was 

conducted.  During the interview Prof. Al-Ubaidi stated, “I want this device to do exactly 

what it did before. I want it to make the same measurements and allow for the same 

calculations, but I want it to work.  I also need it to last longer.” (2)  This shows that the 

device must meet the requirements set in the previous design while improving upon 

longevity.  With this in mind it was necessary to take a closer look at the previous design that 

was fulfilled in 2002. 

EXISTING EQUIPMENT 

In 2002 BSMET student Kevin Do conducted the design, fabrication and testing of the 

current Otto Cycle Lab equipment. (3) His design was similar to this one in that he was 

designing the device to replace a failed device.  Since this design was to be a replacement for 

Mr. Do’s device it was necessary to look at what he had specified to be measured, which 

were; 

A. Engine Torque 

B. Temperature 

C. Airflow 

D. RPM 

E. Fuel flow 

These are the essential measurements necessary in order to make the calculations for 

determining the engine performance principles.  The 7 different engine performance 

principles are; 

1. Energy Balance 

2. RPM 

3. Brake Torque and Power 

4. Fuel Consumption 

5. Thermal Efficiency 

6. Volumetric Efficiency 

7. Brake Mean Effective Pressure 

Given these principles of measurement it is possible to begin looking at design specifics that 

will fulfill these requirements.  In analyzing Mr. Do’s design one of the key features is the 

method in which he measured the torque of the engine.  He utilized a water dynamo or water 

brake, which proved to be a source of failure for the entire system.  The reasoning for this 

was financial, due to the high cost of alternative options.  The measurement of engine torque 

is a necessary key feature of this device, and it has been proven in Mr. Do’s device that a 

water brake is not a viable solution for this application.  In order to gain a better 

understanding of alternative methods of measuring engine torque a closer look at existing 

products available for purchase was taken. 
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COMMERCIALLY AVAILABLE SOLUTIONS 

To gain an understanding of alternative design solutions a close look at commercially 

available systems was taken.  During this phase of research two alternative solutions were 

taken into account.  In comparing these solutions with one another similarities became 

obvious.  These similarities were; 

 

 

 

 

 

 

 

 

 

 

 

 

These congruencies are a key sign that the most successful solution is most likely achieved 

through the use of an electrical brake.  Some of the other key features that could be 

considered as beneficial for this design include, 

Comprehensive instrumentation, optional ancillaries available to extend 

the range of study even further, test bed trolley mounted for mobility, 

quick, convenient and accurate engine mounting and changeover, robust, 

simple hydraulic dynamometer, no need for large electrical supplies, 

instrumentation and test bed are separate to avoid vibration being 

transmitted to measuring devices, self-sealing couplings enable quick and 

efficient connection and disconnection of fuel lines with and minimum 

loss or spillage of fuel (4) 

These features will all be taken into consideration throughout the design of this device, and 

can be used as a benchmark to strive towards in the final product. By taking into account the 

faculty needs, current equipment design and commercially available alternative designs, a 

foundation of information has been laid that will contribute throughout further investigation 

of individual parts and features in this design.  To better understand what features and 

individual parts these are a survey was conducted in order to define a list of features. 

  

Figure 2- Commercially Available System Analysis 

(CT105) (6) 

Electrical Torque Measuring Device 

Air box for Smoothing Intake 

and Exhaust Air 

Real Time Data Display 

Computer interface 
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CUSTOMER FEEDBACK  

In order to gain an understanding of what features are most essential in the design of the 

device a general opinion of faculty was surveyed regarding current lab equipment not 

necessarily related to engine testing.  This survey was conducted within the University of 

Cincinnati College of Engineering and Applied science, consisting of input from 30 faculty 

members ranging from professors to technicians.  The survey consisted of a list of features 

which are based off of research that was discussed in the previous section. These features are; 

Table 1 - Design Features 

Student Involvement 14% 

Durability 14% 

Ease of Use 12% 

Verifying Results 12% 

Reliability/Repeatability 12% 

How Data is Presented 10% 

Ease of Maintenance 9% 

Demonstrating the 
Process 9% 

Ease of Adjustment 5% 

Cost 3% 

These features were directly used in the survey and asked to be given a weighted importance 

by the survey taker in order to generate a level of importance which can be seen above.  The 

survey, and it’s results can be further investigated in APPENDIX B – S. The results of the 

survey were then organized by their relative weights from the survey and sorted to reveal the 

key features that are to be focused on in this design. 

 

SURVEY ANALYSIS 

In order to analyze the results of the survey a Quality Function Deployment chart was used. 

Quality Function Deployment (QFD) is a structured approach to defining customer needs or 

requirements and translating them into specific plans to produce products to meet those 

needs. These matrices are used to translate higher level "what's" or needs into lower level 

"how's" - product requirements or technical characteristics to satisfy these needs. (5)  In order 

to utilize this method of determining how the product requirements would be met a list of 

engineering characteristics was needed to evaluate the solution to each feature.  These 

engineering characteristics and their relative weights are; (next page) 
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Table 2- Engineering Characteristics 

Verifies 7 engine performance principles 18% 

Engine Output demonstrated  visually 16% 

Exposed Throttle Body 15% 

Consistent Results over time 13% 

Accuracy within 2% std of theoretical 10% 

Maintenance Instructions Attached 7% 

Equipment on wheels and not requiring 
utilities 6% 

Set up time 5% 

Exposed Throttle Body 5% 

Component options analyzed to minimize 
cost 5% 

These listed engineering characteristics are measurable in exact value or in a simple yes/no 

evaluation.  With these engineering characteristics, and the previous design features, a QFD 

was generated to develop a relative weight of importance for each design feature and 

engineering characteristic was determined.  The QFD with sorted characteristics and features 

can be found in APPENDIX C - .  As stated earlier, this is not the result of the research; this 

is only a means of determining the relative importance of objectives in this design.  With the 

weighted importance it is possible to determine the focal points of design and allows for 

more accurate predictions of the time and cost requirements that will be necessary throughout 

execution.  These are investigated in the subsequent sections. 
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PRODUCT OBJECTIVES 
 

With a weighted set of characteristics it became necessary to determine how these items 

would be addressed by developing a set of product objectives.  These objectives are used as a 

basis of design and can be used as a checklist to ensure that all objectives are met during both 

design and testing.  This list is meant to include all necessary design features and 

characteristics to ensure a successful design.  On October 30, 2012 Prof. Muthar Al-Ubaidi 

approved the following design objectives and their associated weights for implementation 

and fulfillment. 

1. Student Involvement                      14% 

a. Put in place devices that make student involvement unavoidable  

i. Large readouts viewable at 15 ft. 

ii. Engine output is demonstrating some form of work being done that is 

visible to all students 

 

2.   Durability                      14% 

a. Device offers consistent results throughout multiple lab sections, quarters, and 

for a minimum of 10 years 

   

3. Reliability/Repeatability                     12% 

a. Achieves accuracy within 2% of theoretical values 

 

4. Verifying Results                  12% 

a. Students can compare results to theoretical values 

b. Verify engine performance principles 

i. Energy Balance 

ii. RPM 

iii. Brake Torque and Power 

iv. Fuel Consumption 

v. Thermal Efficiency 

vi. Volumetric Efficiency 

vii. Brake mean Effective Pressure 

 

5.   Ease of Use        12% 

a. Labels are clearly showing all parts needed to conduct the expirement 

b. Faculty will be able to set up the lab in less then 10 minutes before class 

begins 

 

6. How data is presented                     12% 

a. Output is shown to balance the equation using inputs and outputs 

b. Real time readouts of what is taking place with 4+ measurements per rpm 
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7.   Ease of Maintenance       9% 

a. Grease points and oil pans are clearly labeled  

b. Maintenance logs are attached to equipment 

c. Maintenance instructions attached to equipment 

d. Engine selected must require maintenance less than 1 time per year 

e. Storage of fuel and engine oil will be capable of withstanding non-use for a 

minimum of five months 

 

8. Demonstrating the process                     9% 

a. The throttle body will be exposed to students to show the change in volume of 

entry air 

b. Engine output is mechanically or electrically demonstrated 

 

9. Ease of adjustment                 5% 

a. Equipment is on wheels 

b. No external utilities will be needed to operate the equipment 

 

10. Cost                       3% 

a. Multiple equipment selections made to allow for options in costs 

 

With approved objectives and a footprint for design, the next necessary step in the design is 

defining the engineering characteristics that can be specifically measured in order to 

guarantee a satisfactory design. 
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CONCEPT GENERATION AND SELECTION 
 

There are two distinct methods to braking an engine, mechanically and electrically.  The 

difference between the two is pretty obvious from a mechanical standpoint but the function 

remains the same.  When reading through the previous design report for the Otto Cycle lab 

equipment the same comparison is had between the two.  For the previous design a 

mechanical method was chosen, being a water-brake dynamometer.  This water-brake 

however is sized for equipment sized 3hp-70hp, which is quite a broad range giving the 7hp 

engine used in this application.  This water-brake size is the smallest of such devices 

available today and due to its size makes it very difficult to accurately hone in and maintain a 

set load for a given amount of time.  This leads to the alternative.  The alternative would be 

an electrical braking system.  This system would consist of a 3kw generator motor, mounted 

directly to the shaft of the motor, and connect to some source of variable load.  This method 

of braking is the ideal solution for this application, however there was a selection process 

needed in selecting a proper load to mount to the generator. 

 In order to accurately adjust and maintain a consistent load on the generator there were 

three main devices that were investigated. These were; 

 

- Heat, such as heating coils, water heater coils, multiple types of resistance heaters 

- Light, light bulbs  

- Mechanical, fans, pumps, lifts, etc. 

With this application it was a matter of selecting a power-outer that would maximize the life 

of the equipment, require the least amount of work, and not affect the results of the 

experiment.  The heating load was quickly ruled out due to concerns of fire risks due to the 

dusty environment in which the lab will be conducted, and also the temperature change that 

may affect the results of measuring the airflow into the engine.  The second load that was 

ruled out was the mechanical means.  This was not possible do to maintenance concerns, 

safety issues, and general space needs of the overall lab.  This left the only remaining means 

which is light.  Lights were chosen due to the low price, commonality, and lack of 

maintenance needs.  In order to accommodate the 3kw load needed six(6) 500 watt halogen 

work lights were purchased.  The lights selected for this application were found at Lowe’s 

home improvement store, item #394369, more information can be found in APPENDIX H – . 

 When adjusting the load of the light bulbs there were also several choices.  For this lab, 

the load is used to control the speed of the engine in rpm.  In order to accomplish a high level 

of accuracy some form of adjustment is necessary to “dial in” the correct speed.  Two readily 

available options fit this need, one would be a 3kw rheostat, the second is three (3) 1000 watt 

dimmer switches for a household outlet.  The two devices both allow direct control over the 

lights by means of variable resistance and operate in the same way.  The biggest difference 

between the devices is the cost.  High wattage rheostats around 3kw run upwards of $500 a 

piece and take up a considerable amount of space due to coil sizes, when looking at dimmer 

switches there were several options available, all roughly around $30 and able to fit within a 

recessed outlet box.  The obvious choice was made to choose the dimmer switches.  More 

information on the selected switches can be found in APPENDIX H – .  
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CALCULATIONS 
 

For this design there are two necessary calculations; Horsepower to Kilowatts to ensure 

generator size selection below ,  

 

              

                  

                                            

 

and Amps to ensure proper wire gauge see , 
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SCHEDULE  

In order to ensure completion of this project and ensure time well spent on appropriate tasks 

a schedule was created and approved by Muthar Al-Ubaidi that was both aggressive and 

realistic.  This schedule will act as a guideline of the design steps necessary to accomplish 

each of the design objectives, and can be seen below. 

 
Table 3 - Schedule 
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BUDGET 

In order to meet the objective of price for this design it was necessary to define certain cost 

requirements that must be met in order to ensure university approved funding.  In order to 

ensure university funding design options must be laid out and weighed in terms of 

effectiveness v. cost.  These will be discussed as the design advances further, however an 

example of how the budget options will be presented can be seen below. 

 
Table 4 - Budget 

Item Cost 

Generator $349.99 

Lights $39 

Dimmer Switches $90 

Wiring $30 

Hardware $30 

Broken Pipette $15 

TOTAL $533.99 
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TESTING 
 

Testing for this device consisted of conducting the previous experiment in the same manner 

in which the original device was utilized.  The equipment was run on three separate 

occasions and measurements were taken and compared. The equipment performed as 

designed and produced values similar to the previous design.  The only difference in results 

was that of the lowest speed capable; the device was not capable of reaching 2800 RPM 

without stalling.  This issue was addressed by updating the student hand out for this 

assignment. The student handout can be found in APPENDIX H – STUDENT HANDOUT. 
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CONCLUSION 
 

By designing this device for longevity and cost effectiveness the results were very good.  The 

design proves to be much straighter forward and demonstrative to students then the previous 

solution.  This device also proves to be much easier to use and control, making 

measurements easier to obtain accurately and the entire experiment more easy to conduct.   

By using an electric motor the device was also capable of shedding utility use all together 

and allows for the device to be self-powering.  This device should be functional for the 

university for years to come. 
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APPENDIX A - RESEARCH 
 

 

 

Interview with Professor and MET Program Coordinator Muthar Al-Ubaidi, University of 
Cincinnati, College of Engineering and Applied Science 09/07/12 
 
Meeting Notes 
 
He has 34+ years in the College of Applied Science, currently serving as program 
Coordinator of the Mechanical Engineering Technologies program.  He works directly 
with lab equipment and their integration into multiple curriculums. I sat down with Prof. 
Al-Ubaidi in order to understand what it is that he both expects and appreciates in lab 
equipment.  Some of the key things that Prof. Al-Ubaidi listed as important to any lab 
experiment are the ability to run the lab and show the subject under investigation, teach 
students how to run equipment, calculate and compare results to theoretical data, and 
teach students to take accurate measurements.  Some of the key features that he looks 
for in lab equipment is the ability to simply, effectively, and accurately conduct the 
experiment; It must be easy to run, and not require much interaction,  It must effectively 
show the process that is under study, and it must accurately be able to provide data for 
comparison to theoretical values. 
 
Meeting Summary 
 
Features 
-Ability for students to run the lab 
-Show the subject under investigation 
-Teach students how to run equipment 
-Allow students to calculate and compare results to theoretical data 
-Teach students how to take accurate measurements 
-simple, effective, accurate equipment 
-Easy to run without much interaction 
 
Take Aways 
My main take aways from this meeting were how this lab will tie in to existing curriculum 
and the goals set in the class room.  I was able to gather the above features from this 
meeting and will be considering them as key features throughout the design process. 
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Interview with Douglas Rife, Senior Lab Associate, 09/12/12. 
 
Meeting Notes 
Mr. Rife is responsible for administrating many of the labs with students.  He is also 
tasked with maintaining and repairing the equipment.  I was able to sit down and discuss 
some of the requirements Mr. Rife has for lab equipment.  This discussion was mostly 
based around the technical requirements that are needed of this lab equipment, as this 
is the current concerns of Mr. Rife as he continues to administer labs. The features he 
touches on were very similar to Prof. Al-Ubaidi’s. He requires that the equipment be 
accurate, safe, and demonstrate to students the process at hand.  He believes an 
improvement of the display of the process to students could be improved upon in this 
design. Another concern of Mr. Rife’s is student involvement. He has found in many of 
the labs that only 3-4 students are taking the measurements, while others weight 
around.  He would like to see if any solution to this could be developed.  These are 
general improvements that Mr. Rife has seen that could be made to the current set up.  
When discussing how he utilizes this equipment we discussed storage and lab set up.  
“Moth Balling” is a major concern in lab equipment, as it may be used only 3 weeks a 
year with the current lab schedule.  This means the equipment must be easily stored 
without damaging the equipment and insuring that it will reliably start up in the future. 
Another requirement of Mr. Rife is that the equipment be on wheels and easily 
transportable due to the uncertainty of the future of the current laboratory space.  
 
Feature analysis of current lab set up with Mr. Rife 
This lab is very technically suitable for the subject at study but as it has recently failed in 
the spring of 2010.  This failure has shown some of the faults in the original design.  
One of the main problems with the system is water dynamo that is used to measure the 
torque of the motor.  Mr. Rife advises that an alternative method for measuring torque 
would be much easier in maintenance and longevity. He has also had trouble with the 
choke and intake of the current setup.  This will need more technical analysis in the 
future to see if this engine is a viable piece that can be used in my design.   
 
Meeting Summary 
Features 
-Accurate 
-Safe 
-Demonstrate the subject at hand 
-“Moth Balling” capability for long storage 
-Consider alternatives to hydro-dynamometer 
-Allow equipment for possible relocation to a different lab 
 
Take Aways 
In this system mechanically there is much that can be improved upon.  I need to 
consider alternative power-outers because maintenance problems have developed 
around the existing solution.  I also need to take into account the extended amount of 
time that this device will be in storage rather then in use.  The equipment must also be 
able to relocate to a different lab due to uncertainty of the future of the current lab 
space.  All of these are required features that need to be included in the design process.  
This will help insure that the equipment is useful for years to come. 
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TecQuipment Testing device TD200 and TD300 are commercially available pieces of 
lab equipment that are offered as a testing device for this specific application. 
http://www.tecquipment.com/Datasheets/TD200_0411.pdf Accessed 9-19-2012 

 
Manufacturer Description  
A versatile regenerative engine test set with comprehensive controls and 
instrumentation. When used with one of TecQuipment’s optional single-cylinder engines 
(rated up to 10 kW), it safely and effectively enables study and demonstrations of the 
features and characteristics of the engine. In addition, optional ancillaries are available 
to extend the range of study, demonstrations and investigations even further. The 
equipment is fully compatible with TecQuipment’s Versatile Data AcquisitionSystem 
(VDAS®, available separately). Using VDAS® enables accurate real-time data capture, 
monitoring and display, calculation and charting of all relevant parameters on a 
computer (PC available separately) making tests quick and reliable. The main 
components of the system are a heavy fabricated floor-mounting bed an instrument 
console with instrument frame a fuel tank support frame that supports the fuel tank and 
optional fuel gauge. The bed is held on anti-vibration mounts. It includes a robust 
trunnion-mounted d.c. machine. An electronic load cell connected to the machine 
measures the driving torque of the test engine. The engines (available separately) are 
supplied pre-mounted on a sturdy precision base plate.  Each engine includes a colour-
coded fuel tank with self-sealing couplings. The couplings ensure the engines can be 
connected and disconnected quickly and efficiently with minimum loss or spillage of fuel. 
For convenience and safety, the fuel tank can be removed for filling or for storage in a 
fuel locker when not in use. Removing the fuel tank also prevents unauthorised use of 
the equipment.  The control console includes an air-box and orifice plate to enable 
students to measure air flow.  
Take Aways 
I do like the idea of having an anti vibration mount on this engine and the overall 
flexibility that it provides.  Though this equipment is nearly identical to what my finished 
product needs to accomplish I feel that many of the features that allow this device to 
study multiple topics can be omitted,  Since my project will be much more specialized 
many of the ambiguous mounts and features can be left out.  Talking with Muthar this 
lab needs to serve one purpose, for one lab, and serve it well. 

 

http://www.tecquipment.com/Datasheets/TD200_0411.pdf
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The Gunt Hamburg CT 110 is a test stand that allows the assembly of components to be 

attached in order to achieve a multitude of experiments regarding internal combustion 

engines. 

http://www.gunt.de/static/s3598_1.php?p1=&p2=&pN=;;# 

Date Accessed 9-19-2012 

 
Manufacturer Description 

The interchangeable engines are easily fitted to the vibration isolated base and coupled to the  

dynamometric brake. The brake is designed as a swivel bearing motor and the torque is 

measured indirectly with an electronic force sensor. The speed is measured inductively. The 

engine can be conveniently started using the dynamometric brake switched to motor 

operation. The test stand is supplied with modern electronic measuring instruments. All  

measured values are electronically available and can be recorded and further processed using 

the supplied PC data acquisition. The intake air is smoothed and silenced in a special 

chamber. The chamber and fuel tanks are mounted on the lower shelf of the trolley.  The 

engines are not included with the CT 110. A supply of three-phase mains electricity is 

necessary for operation. 

Manufacturer List of Features 

- Electrical braking device, can also be used as a motor 

- Vibration damped steel plate for engine placement 

- Complete instrumentation 

- Wide range of test engines available 

Take aways 
My main take away from this device is the electrical braking system.  This is something that 

has been a concern with the existing equipment and can be redesigned to better suit the 

equipment for maintenance, longevity and portability.  Time will be spent developing a 

system that is very similar to this and the layout of this system is a good example of how this 

alternative method can be achieved. 

http://www.gunt.de/static/s3598_1.php?p1=&p2=&pN=;;
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Otto Cycle Lab Report, Kevin Do in 2002.  This is the previous senior design project that 

was comleted by a student for the College of Applied Science 

 
Previous Design Criteria 

-measure  

 -engine torque 

 -temperature 

 -airflow 

 -rpm 

 -fuel flow 

-Demonstrate the engine performance principles 

 -Energy Balance 

 -RPM 

 -Brake Torque and Power 

 -Fuel Consumption 

 -Thermal Efficiency 

 -Volumetric Efficiency 

 -Brake mean Effective Pressure 

Previous Recommendations 

-A different system for measuring the engine torque could be considered to make this lab 

more easy to maintain and set up 

-A high performance engine could make the lab more interesting for students 

Take Aways 

This was a very well designed and assembled project from a technical standpoint.  User input 

was taken in an organized manner and compiled in a simple graph.  When looking at the 

criteria used in the survey however they are based on entirely technical specifications for the 

equipment.  

 -not much attention is paid to showing the Otto Cycle with the equipment. Only as a test 

device. It seems the majority of the visual information is presented in the lab Handout 
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Lab Handout, Written by Kevin Do. 2002 

 

These are the instructions handed to students at the beginning of the lab with a step by step 

walk through of how and what needs to be tested on the engine. 

 

Previous Document includes 

 

-theory, objectives, and procedure are presented 

-definitions and explanations are provided 

 -brake thermal efficiency 

 -bake torque and horsepower 

 -volumetric efficiency 

 -brake mean effective pressure 

 -Exhaust gas losses 

 -Power unaccounted for 

-User controls are explained 

-system schematic is included 

-procedure is listed in a step by step list (24 steps) 

-datasheet to input data 

-Equationsheet given 

-Sample graphs given 

-published graphs given 

 

Take Aways 

 

-This is a great presentation of a lot of information.  

-I believe it can be simplified a little without losing any information 

-I believe much of the same information from this handout can be used 
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APPENDIX B – SURVEY WITH RESULTS 
 

 

The Otto Cycle Lab Test Stand 

EDUCATOR SURVEY 

 

 

The purpose of this survey is to gather feedback from educators on what they expect from a 

piece of laboratory equipment.  This information will be used in developing a new engine 

testing device that will be used by the College of Engineering and Applied science.  With a 

better understanding of feature importance in a lab environment, this device can be better 

designed to meet the needs of faculty.  
 

How important is each feature to you for the design of a new testing device? 

Please circle the appropriate answer.     1 = low importance         5 = high importance 
 

 Student involvement  1 2 3 4(1) 5(29) N/A 

 Durability  1 2 3 4(3) 5(27) N/A 

 Ease of maintenance  1 2 3(2) 4(4) 5(24) N/A 

 Ease of use  1 2 3(1) 4(7) 5(22) N/A 

 Verifying results   1 2 3 4(8) 5(22) N/A 

 Reliability/Repeatability 1 2 3 4(1) 5(29) N/A 

 Ease of adjustability  1 2 3(3) 4(13) 5(14) N/A 

 How data is presented 1 2 3(7) 4(11) 5(12) N/A 

 Demonstrating the process 1 2 3 4(1) 5(29) N/A 

 Cost  1(7) 2(14) 3(7) 4 5(2) N/A 
 

How well is the majority of lab equipment at the CEAS satisfying these features? 

Please circle the appropriate answer.     1 = not well         5 = very well 
 

 Student involvement  1 2(8) 3(17) 4(5) 5 N/A 

 Durability  1 2(5) 3(12) 4(3) 5(10) N/A 

 Ease of maintenance  1 2(3) 3(10) 4(14) 5(3) N/A 

 Ease of use  1 2(3) 3(6) 4(14) 5(7) N/A 

 Verifying results   1 2(3) 3(12) 4(8) 5(7) N/A 

 Reliability/Repeatability 1 2(8) 3(16) 4(6) 5 N/A 

 Ease of calibration  1(1) 2(7) 3(12) 4(9) 5(1) N/A 

 How data is presented  1(1) 2(6) 3(14) 4(8) 5(1) N/A 

 Demonstrating the process 1 2(2) 3(12) 4(7) 5(9) N/A 
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APPENDIX C - QFD 
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APPENDIX D – PRODUCT OBJECTIVES 
 
Below is the list of features that are to be attained through the design process.  The next level on the 

list is how these features and requirements can be attained during implementation.  
 

11.   Reliability/Repeatability                    13% 

a. Achieves accuracy within 2% of theoretical values 

12. Ease of adjustment                 13% 

a. Equipment is on wheels 

b. No external utilities will be needed to operate the equipment 

13. Verifying Results                 12% 

a. Students can compare results to theoretical values 

b. Verify engine performance principles 

i. Energy Balance 

ii. RPM 

iii. Brake Torque and Power 

iv. Fuel Consumption 

v. Thermal Efficiency 

vi. Volumetric Efficiency 

vii. Brake mean Effective Pressure 

14. How data is presented                   12% 

a. Output is shown to balance the equation using inputs and outputs 

b. Real time readouts of what is taking place with 4+ measurements per rpm 

c.  

15. Student Involvement                    

12% 

a. Put in place devices that make student involvement unavoidable  

i. Large readouts viewable at 15 ft. 

ii. Engine output is demonstrating some form of work being done that is 

visible to all students 

16.   Ease of Use        10% 

a. Labels are clearly showing all parts needed to conduct the expirement 

b. Faculty will be able to set up the lab in less then 10 minutes before class 

begins 

17.   Durability        9% 

a. Device offers consistent results throughout multiple lab sections, quarters, and 

for a minimum of 10 years 

18.   Ease of Maintenance       8% 

a. Grease points and oil pans are clearly labeled  

b. Maintenance logs are attached to equipment 

c. Maintenance instructions attached to equipment 

d. Engine selected must require maintenance less than 1 time per year 

e. Storage of fuel and engine oil will be capable of withstanding non-use for a 

minimum of five months 

19. Cost                   6% 

b. Multiple equipment selections made to allow for options in costs 
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20. Demonstrating the process                    5% 

a. The throttle body will be exposed to students to show the change in volume of 

entry air 

b. Engine output is mechanically or electrically demonstrated 
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APPENDIX E – DESIGN DRAWINGS 
 

CIRCUIT DIAGRAM 

 
 

 

DESIGN SKETCH 
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DETAIL DRAWINGS 
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APPENDIX F – SCHEDULE 
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APPENDIX G – BUDGET 
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APPENDIX H – STUDENT HANDOUT 
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APPENDIX I – MANUFACTURERS INFORMATION 
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A - UTILITECH WORK LIGHT 
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B – DIMMER SWITCHES 

 

 

 
Product Description 

FROM THE MANUFACTURER 

Leviton offers many products that will help lower electrical costs and add convenience to everyday living. By 

simply replacing standard switches with dimmers reduces energy consumption and extends bulb life. IllumaTech 

Preset Dimmers and Fan Speed Controls feature a low-profile fluid slide bar movement for fine adjustment of 

light levels or fan speeds that's accompanied by an easy-to-use ON/OFF preset switch. The switch provides quick 

ON/OFF control without disturbing your favorite pre-selected settings. Most feature a built-in LED locator light, 

as well. Models are available for incandescent, magnetic or electronic low-voltage, and Mark 10 Powerline 

dimming-ballast fluorescent lighting, and quiet and standard fan speed control. All Preset models are designed 

for both single-pole (one-location) and 3-way (multi-location) applications. IllumaTech 1000W-120VAC 

Incandescent Preset Slide Dimmer for single pole or 3-way with LED locator. White face assembled on device in 

ivory and light almond faces included. 

PRODUCT DESCRIPTION 

1000W, 120 Volt AC 60Hz, Single-Pole & 3-Way, IllumaTech Preset Electro-Mechanical Incandescent Slide 

Dimmer, LED Locator Light - White Ivory Light Almond Incl White, Ivory and Light Almond Color Kit, UPC: 

07847728207 


