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Preface 
The organized laboratory sequence in Mechanical & Aerospace Engineering consists of two 
courses, MAE2381 and MAE 3183 which are offered sequentially to juniors and seniors. These 
laboratory experiences acquaint the student with experimental methods applicable to 
mechanical engineering and illustrate and reinforce physical principles introduced elsewhere in 
the curriculum. 
 
MAE 2381 introduces methods and instruments that are used to determine pertinent physical 
quantities such as temperature, pressure, geometric dimensions, force, strain, etc. Instrument 
calibration, measurement procedures, and data reduction techniques are emphasized for each 
physical quantity. Instruction and home assignments are devoted to general topics, such as 
accuracy, standards, experiment planning, error analysis, curve plotting, and report writing. 
Students perform experimental work in Electrical Measurements, Thermal Measurements, 
Geometrical Measurements, Fluid System Measurements, Rate Measurements, Force and 
Mass Measurements, Strain Measurements, Energy conversion, and Electrical filtering. 
 
In MAE 3183, the instruments introduced in MAE 2381 are applied to study certain physical 
situations that have usually been covered theoretically in other courses. A series of experiments 
are used each semester on ‘musical chairs’ rotation in teams consisting of two students each, 
such that teams work on a different experiment in any given session. The experiments 
performed in MAE 3183 are the following: 
 

 Impulse Turbine (thermodynamic concepts) 
 Viscous Flow (fluid mechanics concepts) 
 Response of a Physical System (dynamic system modeling and response concepts) 
 Air Drag Force (fluid dynamics concepts) 
 Strain Measurement (structures and design concepts) 
 LabVIEW Strain Gage Integration (data acquisition, filtering, electrical and mechatronics 

concepts) 
 myRIO LabVIEW and Sensor Integration (data acquisition, filtering, electrical and 

mechatronics concepts) 
 Design of Experiments concepts (time permitting) 

 
In addition, demonstrations of other educational and research testbeds might take place time 
permitting. 
 
Unlike previous academic experimentation, MAE 3183 requires the student to perform the 
experiment following the described procedures in an effort to obtain meaningful data. An 
example of this is with the impulse turbine, where the student is required to find the "power 
curve" for a turbine and also find the relationship between the available peak power as a 
function of input pressure. In short, the student's main purpose is no longer to "just be 
educated", but to use the experimental data and associated theory to primarily find useful 
relationships. It is expected that learning will occur naturally through the student’s own first-hand 
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experience or what is called experiential learning. In MAE 3183, the student is expected to 
bridge the gap between the learnt theory and it’s practical application, and the student is 
expected to take an active role in his/her own learning. 
 

Introduction 
This manual contains the necessary material for the Mechanical & Aerospace Engineering 
advanced laboratory at the University of Texas at Arlington. The student should be concerned 
with the following three concepts for MAE 3183: 
 

Technical Reporting -- The effective student communicates ideas, concepts, and results 
clearly and accurately to other individuals. The results of an experiment lose significance 
if not developed based on theoretical concepts and reported in a meaningful and 
professional manner. 
 
Measurement Fundamentals -- Typically the engineering student is given needed 
quantities to solve (homework or test) problems. In MAE 3183, the student has to obtain 
the quantities of interest in order to constructively develop arguments about performance 
or operation of a system. In MAE 2381 the student's exposure to measurement 
fundamentals should provide insight to the measurement devices used in MAE 3183. 
 
Confirmation of Engineering Concepts -- In a regular classroom, the instructor usually 
presents relationships, theories, and formulas and students use this information to solve 
assigned problems without much ado about the validity of such material. In MAE 3183, 
the student assumes the validity of these concepts but then proceeds to perform 
experiments and use experimental data to produce results. These results are then used 
to either support or refute the validity of the concepts previously presented in the 
classroom. 

 
In MAE 3183, the students generate two types of reports, formal reports and memoranda. The 
formal reports are a team effort where it is expected that each team member contributes their 
fair share of work. It is expected that each team member be familiar with the material presented 
in the formal report and be able to discuss it without having access to the report. The 
memoranda are individually written and not as detailed as the formal reports. 
 
Each student also generates a pre-laboratory (prelab) document demonstrating that the student 
has studied the laboratory manual and understands the underlying theory, experimental 
procedures, measurements to be taken and measured quantities, in addition to understanding 
the analysis procedures and how the measured data will be used. Students are strongly 
encouraged to come well prepared in order to seek required clarification of any questions 
regarding the experimental analysis with the instructor and/or GTAs soon after performing the 
experiment when both memory and understanding of the material is fresh. 
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The prelab must be turned in before commencing an experiment. The instructor(s) reserve the 
right to ask the students questions based on the material submitted in their pre-labs. The pre-lab 
must be uploaded to Blackboard. 
 
The laboratory reports must be turned in at the beginning of class one week after the 
experiment on which they are based was performed. Also, each student (not one per team) 
must upload an electronic version of the submitted report to Blackboard. Note that in Blackboard 
you can upload only a single file and as such you must make sure you include your handwritten 
analysis, calculations and other aids used in your report and analysis in the single file to be 
uploaded, and the file to be uploaded must be less than 10MB. If it is greater than this size, then 
compressing the pictures to a lower quality image will decrease the size of the document. 
Students can also convert their report to PDF format which could significantly reduce the report 
size. 
 
Note that in Blackboard, you are allowed only a single attempt to upload your reports. It is 
important to be extra careful and upload the correct files at the correct locations; for example 
upload the prelab at the prelab location and the formal report or memorandum to its location. If 
you upload the files at the wrong locations, you are allowed only one free upload mistake for the 
whole semester. As such, if you require the instructor to ‘clear’ Blackboard upload attempts after 
the first free mistake, you will be penalized for it. Consider uploading to Blackboard as part of 
the learning process of following instructions and of being careful. It is required that you upload 
to Blackboard all submitted information within a day of the hardcopy submission.  
 
Note that the grade on graded reports is not your true report grade as it had not been checked 
and verified for plagiarism in Blackboard. The grades on graded reports might be changed after 
checking for plagiarism on Blackboard.  
 
Note that graded reports will not be returned to you unless the report has been uploaded to 
Blackboard at the correct location within the 72 hour timeframe from submission. In case of a 
team report, the report must be uploaded by all team members.  
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Instructions for Writing MAE 3183 Laboratory Experiments 

Prelab – Individual Effort 

Before each experiment, a short explanation of the experiment procedures, objectives, and 
some of the background theory should be written and brought to class to turn in called the 
prelab. The purpose of the prelab is to encourage the student to understand the experiment and 
associated theory thus allowing for a more meaningful lab session. The prelab should be no 
longer than two pages and not a copy of the lab manual but a description based on your own 
words and understanding after studying the lab manual and revisiting the associated theory. 
The prelab must cover the underlined guidelines as discussed in the following sections from the 
final report content of this manual and must be turned in before starting the respective 
experiment. Think of the prelab as writing part of the final report before the experiment takes 
place.  

Formal Report – Group Effort 

A perfect report doesn't exist. A report written about the packaging procedures would probably 
offer more insight to a production manager than the CEO of a company, even though the 
information given may affect both of them equally. One fundamental consideration in report 
writing is the audience that it addresses. In MAE 3183 the focus is to ensure that each student 
fully understands the principles and theory associated with each experiment, and the student 
can follow engineering principles to perform data analysis and draw meaningful conclusions. For 
this reason, the intended audience should be the students themselves. The students must 
remember that a formal report is usually written for someone a few levels of hierarchy higher in 
a professional setting and someone who might not be fully familiar with the work presented. In 
effect, this forces the student to be able to report the experiment and the results to themselves 
and allows the student to confront their worst critic - themselves. The content is as important as 
the presentation; presentation is important in order to provide an inviting document. For any 
document to be easily read, a certain amount of organization is required in order to make the 
content clearly understood. So, to aid in the report writing process, the following format is 
suggested. Each section offers guidelines (and not questions to be answered) to assist you 
in the writing process. 

Memorandum Report – Individual Effort 

Many times in your professional career you may need only to report your results in a brief 
summary report instead of a long, formal report. This would most likely be in the form of a 
memo. These reports are usually somewhat “informal”, brief, and to the point. They may contain 
one to two pages of text, a couple of figures or tables and a short analysis. The memo should 
be addressed to the instructor. If you are totally unfamiliar with this type of document, most word 
processing programs have several sample memos that you can use as a template. 
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Cover Page Example 
 
 

 

                      
(Insert actual professional photos of each team member here: Put name below each photo) 

 
 
 

 
MAE 3183 Day of lab (i.e. Tuesday etc.) 

 
Title of the Experiment  

(Double-check to ensure correctness since you will most likely use 
the report from previous experiments as template) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(bottom right hand corner) 

Date performed 
Date Due 

Date Submitted 
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Contribution/Effort Section 
MAE 3183 Day of lab (i.e. Tuesday etc.) 

Title of the Experiment 
 
 
Team member names: 
 

Section Student 1 Name
& Effort as % 

Student 2 Name
& Effort as % 

Abstract   

Introduction   

Experimental Setup   

Results – Discussion   

Conclusions   

Analysis – Sample Calculations   

Uncertainty Analysis   

Overall Contribution   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(bottom right hand corner) 
Date performed 

Date Due 
Date Submitted 
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Formal Report and Prelab Sections 

Abstract 

 What is the report about? 
 What was the objective of the experiment? 
 Briefly describe the significant results. 
 Give major conclusions of the experiment. 

 The abstract exists to create interest and attract the reader’s attention 

Introduction - Underlined Items are to be written in both the Prelab and Formal 
Lab Report 

 What is the objective for performing the experiment?  
 What is the motivation behind the experiment?  
 What are the principles or concepts of the experiment?  
 What results do you expect and why?  
 Provide two real world applications and show how they are related to the experiment 

performed.  

Experiment Setup – Underlined Items are to be written in both the Prelab and 
Formal Lab Report 

 What is or was measured? 
 What are or were the measurement instruments?  
 What are or were the system control variables?  
 What observations were made while performing the experiment?  
 What are the sources of error for the experiment?  
 What were the results of the uncertainty analysis? (Only required on certain Lab reports 

as shown on the class web page.) 

Results and Discussion 

 What were the results of the analysis? 
 How do your results compare with what you expected? 
 If there are any trends in your data, how do you explain these trends? 
 Do the results support the underlying concepts of the experiment? 

 Your content should prove that you understand the theory behind each experiment.  

Conclusions 

There should be at least three good conclusions about the work done. To legitimately give a 
conclusion, evidence must first be introduced, analyzed and developed, and summarized in the 
discussion. Do not introduce new concepts or information in the conclusion section and do not 
enumerate or bullet conclusions. 
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Bibliography 

At this point in your technical writing life, you should be referring to work that has been 
previously performed (unless you're interested in fully developing and proving the theory 
needed for the report.) You should include at least two references. These will typically be your 
text book from the related class for the experiment and the lab manual. Whenever you use a 
reference, there should be a citation somewhere in the report. Be sure to precisely reference 
equations used in your report to the equations from the actual source (even if it is an online 
webpage). 

Nomenclature 

In this section, you will define all of the variables, constants, and subscripts used throughout the 
report. Be sure to include a description of the variable and its corresponding units; if the variable 
is a "universal" constant (i.e. gravity), give its value as well. This section, depending on its 
complexity, could be handwritten but must be tidy, clear and legible. 

Equations 

In this section you'll write the equations used to calculate data. Alongside these equations 
declare under what conditions the equation is applied and the equation name if possible (e.g. 
Bernoulli, Gauss, etc.). Each equation should also include a citation to its source. Be sure to 
define all variables used and their corresponding units. This section, depending on its 
complexity, could be handwritten but must be tidy, clear and legible.  

Sample Calculations 

This section should include one set of data for each case in the experiment. All the data found in 
the experiment does not need to appear here. Do a full set of calculations to show that the 
equation, units, and arithmetic are correct before moving to a spreadsheet to perform the 
automated calculations. Values found here should be identical to those seen in automated 
calculations. When performing sample calculations, you must include units in every step of the 
procedure. Typically most errors occur because of disregard for units. This section, depending 
on its complexity, could be handwritten but must be tidy, clear and legible. Note that this section 
is extremely important in helping the GTAs identify any calculation errors (and assist in gaining 
significant partial credit) since it is very difficult to find any errors by looking at a spreadsheet. 

Uncertainty Analysis 

This section should include an uncertainty analysis on your experimental results. In reality, this 
would be done prior to performing the experiment to determine if your measurement techniques 
are accurate enough to obtain meaningful results. However, it is not practical for this class. This 
section, depending on its complexity, could be handwritten but must be tidy, clear and legible. 
Note that this section carries significant weight and students must double-check to ensure they 
have not forgotten to include it in the formal reports for designated experiments. Reports for 
designated experiments with uncertainty analysis will not be accepted and penalized if the 
uncertainty analysis section is not included. 
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Data Sheets 

Include the original data sheets from the experiment. Each student will have a data sheet that 
will be signed by the instructor after the experiment is performed. 

Illustrations 

The following guidelines are provided in order to assist you to develop charts and graphs that 
will be meaningful, self-explanatory and will provide integrity to your report. 

 Use "portrait" on print setup whenever possible. It is annoying to have to rotate the report to 
view the figure. 

 Always use axis labels with appropriate names and units. 
 Always use a title for the graph/chart. 
 Always use a legend for the graph if multiple plots appear in the same graph. 
 Always include a reference to the graph/chart in the discussion and more important explicitly 

discuss the graph. 
 Make sure your graphs are not too "dense" with data. 
 Never connect experimental data points. 
 Always connect points that come from equations or tables and avoid using point markers for 

them (line only). This facilitates easier viewing when experimental data points and 
theoretical equations (lines) are on the same graph. 

 When using a curve fit for your data, distinguish between actual data points and the curve-fit 
and be sure to define the equation used. Show on your graph both the equation and 
regression coefficient. 

 Don’t just arbitrarily apply a curve-fit to your data. The curve fit relationship should have 
some theoretical basis which must be discussed in the body of your report. 

 Always use captions for images/figures and tables. For tables, captions are on top and for 
figures/images captions are on bottom. 

 Always use figure/image and table numbers and in the report reference them using these 
numbers. 
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Memorandum Report – Individual Effort 
Many times in your professional career you may need only to report your results in a brief 
summary report instead of a long, formal report. This would most likely be in the form of a 
memo. These reports are usually somewhat “informal”, brief, and to the point. They may contain 
one to two pages of text, a couple of figures or tables and a short analysis. The memo should 
be addressed to the instructor. If you are totally unfamiliar with this type of document, most word 
processing programs have several sample memos that you can use as a template. 
 
For the experiment in which you report your results in this format, the following components 
should be included: 
 
1) One to two pages of text describing what you did and what you found; i.e. objective, results, 
conclusions, etc. The following can be used as a guide to the format of this portion of the report:  
 
1st Paragraph: State detailed objective of the experiment. 
 
2nd Paragraph: Give brief description of the experimental setup. Discuss what you measured, 
how you measured it, through what operating range, uncertainty of measurements, etc. 
 
3rd to Nth Paragraph: Describe the results. Be sure to explain trends in the data and relate them 
to underlying theory. 
 
Last Paragraph: Conclusions. 
 
2) Figures or tables showing your results. 
 
3) Uncertainty analysis (if required). 
 
4) Sample calculations with variable definitions. 
 
5) Original data sheets from the experiments. 
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General Notes Applicable to Formal Report and Memorandum 
When transitioning to a new section (i.e. from Results to Conclusion section), you do not need 
to start on a new page. However, use common sense and do not leave parts of equations or 
section titles isolated on the bottom of a previous page. As a rule of thumb, you must have at 
least 3 lines of text below a section/subsection title, otherwise you must start on a new page. 
 
Be aware that you may design an image or graph in color that will become unclear or 
meaningless if printed in black and white, especially if you reference and discuss it in your 
report using color references. Do your best to represent different lines accurately in gray-scale if 
you do not have the means to print in color or use different line types and/or symbols for each 
data set. 
The font in your reports must be at least size 11, written on letter size paper with one inch 
margins all the way around, justified, and each page except the cover page be sequentially 
numbered with the line spacing set at least at 1.15 (single line spacing will not be accepted).  
 
Equations used and/or referenced in your report must be centered and numbered. 
 

Software/Spreadsheets 

If you develop any software code for your analysis, you must explicitly comment your code and 
include it in your report. The comments should allow one to clearly follow the logic used.  
If you develop any spreadsheets for this analysis, then you must include screenshots of your 
spreadsheet showing the cells and equations and finally the results. You must comment your 
spreadsheet such that the logic can be followed. The instructor and GTAs can provide limited 
support for this section since you already had courses in numerical analysis and programming. 
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Uncertainty Analysis  
One of the objectives of the lab is for students to understand the effects of measurement errors 
on the final results. It is important that every student performs uncertainty analysis for at least 
one set of measurements. The experiment and sets of measurements for which uncertainty 
analysis must be performed are as follows: 
Strain Measurement Experiment: Two analog measurements for the cantilever beam (one 
closer to the free end and one closer to the support) 
Impulse Turbine Experiment: One set of readings at high (> 20K) rpm or medium (7.5K to 
12.5K) rpm (ask the GTAs which set to analyze) 

Addendums to Experiments 
Impulse Turbine: You must calibrate the force sensor. Loosen the brake band and use the 
provided weights to obtain a no load plus at least four (4) additional measurements by placing 
the weights and their combinations at the end of the cantilever beam of the sensor. Create a 
table/graph of the measured value on the digital readout as function of the weight at the end. 
Using statics analysis theory, identify the equation that relates the strain on top of the beam as 
function of the applied load and then based on this equation curve fit the experimental data and 
find the calibration equation. In your report you must show the analysis followed and discuss the 
curve fit/calibration equation selected and why. You can measure the weights at the scales in 
the lab. In case of questions clarify with the GTAs before commencing. 
 
Strain Measurement Experiment: For digital data acquisition, set the Channel switch located 
on the Switch and Balance Unit to the Open position. Verify and if needed measure the 
dimensions and geometry of the beams and torsion tube assembly used for the experiment. 
Measure the location of the strain gages from the support. It is your responsibility to measure 
required quantities; do not ask the GTAs for a measurement after you perform and experiment 
and you start data analysis. 
 
Air Drag: You must position the pitot tube at four (4) distinct locations (close to object, two 
intermediate locations and close to the top wall of the wind tunnel) for one object (ask the GTA 
which object to use). Obtain a full set of measurements for each location. Perform the analysis 
for each location and discuss the effects of Pitot tube location on the evaluated results. 

Formal Reports and Memoranda 
Formal Reports (group effort) will be written for the following experiments:  
Physical System Response, Air Drag, Viscous Flow, Impulse Turbine, Strain Measurement 
(note that this is a different experiment from the LabVIEW Strain Gage Integration) 
 
Memoranda (individual effort) will be written for the following experiments: 
LabVIEW Strain Gage Integration, myRIO LabVIEW Sensor Integration 


