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SECTION I - MECHANICAL ENGINEERING LABORATORY CURRI CULUM

A. Introduction

Experimentation and testing are at the root of moéagineering practice. While
computer modeling allows significant analysis aerdign to be completed prior to
hardware testing, the need for proper testing apérmentation is as great as it has ever
been. Laboratory work is vital for improving anevéloping products and processes,
validating designs and for gaining fundamental usid@ding of how materials, parts,
components or systems will behave under a varietpioditions. As such it is essential
that mechanical engineering students be able t& ma@ductively in this setting.

B. Purpose of this document

The Mechanical Engineering curriculum at the Ursitgrof Portland requires students to
take a variety of lecture and laboratory courdese to the nature of the curriculum, at
times students have the impression that therélss ilnterrelation between the various
courses they take. This is far from true. Whilelents take laboratory courses in
different mechanical engineering specialties (mal®rfluids, thermodynamics, etc.),
there is much in common between all laboratorylantlire courses. The purpose of this
booklet is to provide a reference for students ihapplicable in all engineering
laboratories.

While all aspects of this booklet are relevant emportant in any laboratory, certain
aspects will be emphasized and taught more fornmabpecific course. In future
courses, it will be assumed you are knowledgeafleeothings you learn in the first labs.

This booklet does not attempt to cover any suligeany great depth, so the reader is
referred to various sources where a greater kn@elatay be acquired. This booklet is
mandatory for all laboratory courses in Mechank&adjineering at the University of
Portland. It is provided free of charge in EGR23@ will not be handed out to students
in other courses. Therefore, students are resplerfeir keeping their own copy.

C. Purpose of laboratory work

The purpose of laboratory work is to study how stbimg will actually behave. Itis a
supplement for analysisbeth analysis and laboratory work are critical aspe€tts
engineering design. Laboratory work may revealtyaassumptions not identified during
analysis. It may identify strengths or weakness&slooked in the analysis. Only
through experiments and testing can the true behaviperformance of materials,
components and systems be revealed.



The scale of the laboratory work may be large calbkm
-small scale testing of materials or components
-scaled up system or component testing
-full scale testing (controlled conditions)

-field testing — actual use

D. Laboratory use in the School of Engineering

The University of Portland, School of Engineeriafjdratories exist for the use of its
student’s and faculty. Unlike many large reseanshtutions, undergraduates have
ready access to all of the School’s laboratortesidents typically use the laboratories
either directly for a course or to acquire datagqroject independently. In any case, it
must be understood that access to the laboraisréeprivilege and not a right. This
privilege is granted or revoked by the engineefaaylty.

As part of professionalism, students must demotespmper respect for the School’s
laboratories, tools, and equipment. Common seitsatels:

+« Do not borrow something without first asking persm®. This includes
laboratories themselves, tools and equipment. Befmoving something from a
laboratory, instructor permission must first besfged and you must sign for the
item (there is a sign out sheet in each laboratalfythere is no sign out sheet,
contact the instructor.

+ Do not use equipment, tools, or chemicals thatgreuunfamiliar with — this can
lead to damage or injury.

% If you use the laboratories, make sure they amnclehen you are finished. Return
all used items to their proper place. Leave themhé same condition, or better,
than you found them in.

¢ If you break or lose something, inform the appratgrifaculty or staff.

+ If tools are worn out or damaged, inform the appedp faculty or staff.

+ NEVER work alone! Even if you are not working with dangerous eaqugnt,
never work in the labs by yourself! Strange aatidean happen. Medical
emergencies can happen. If you are caught woddmge you may lose the
privilege of using any lab.

« When completed using the labs for projects, allemals not belonging to the
School must be removed.

E. Student participation in laboratory courses

In the professional world, laboratory work does just happen by itself. Testing is often
relatively expensive and significant planning anejgaration is required to make it
economically justified. After the testing is corafd, communication of the results is
essential (oral and written). It is no differemtan educational environment. In order to
learn from the laboratory, students must be agiaurgicipants doing all pre-lab and post-
lab work. Students must learn not only how to eamdiaboratory work, they must also
learn how to plan it and they must learn to comroat@ the results in various formats
(memoranda, letters, reports, oral presentatidng, e
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Prior to conducting a laboratory exercise, studshtaild understand the purpose of the
laboratory, the procedures and equipment to be, tisednstrumentation and
measurements required, and they should understgnanalysis they will need to
perform. A data sheet for recording results mespieparegrior to the laboratory.
Each instructor may have different requirementddboratory classes. For more
detailed information regarding laboratory planngsg Section IV — Tests and
Experiments in this handout.

F. Safety

Obviously, safety is of paramount importance angtmever be compromised. Safety is
the responsibility of the School as well as thelstiis. Students must be aware of
potential hazards and must never work in an arézowi first receiving proper training.
Students must NEVER work alone in any laboratorworkshop, and before working
they must receive permission from faculty or sta@fther than direct use in a laboratory
course, both the student and faculty must sigi€bek Space Permissidarm located in
each laboratory.

Proper attire is mandatory in laboratory and wodgskettings. Closed toed shoes and
long pants should be worn to all laboratories. 8debs may require additional safety
items such as earplugs and safety glasses. Thikde wprovided in the laboratory. Do
not work without proper safety equipment — confactlty or staff immediately if proper
equipment is missing or damaged.

F.1 Material Data Safety Sheet
Material Data Safety Sheets (MSDS'’s) contain dpsions of chemicals used in the
workplace. Primarily, they contain information abpotential hazards. At a minimum,
the following information is provided:
% Name and description of the chemical, including position, physical and
chemical properties.
+« Identification of potential hazards and toxicitysdaption (such as corrosive,
may cause burns, dangerous if swallowed, may czarseer, etc.).
“+ First Aid measures — describes what to do if impraxposure has occurred.
+« Accident response measures, including spill clgaand fire fighting.
% Handling and storage recommendations.

By federal law (Occupational Safety and Health A&ZBZHA), employers are required to
provide employees easy access to MSDS'’s for alhateds found in the workplace. If
you work with or around chemicals in school or be job be sure to review the
appropriate MSDS so that you understand potendéizhids. Be sure to use all
recommended personal protection devices and saliedgures.
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SECTION Il - STANDARDS

A. Standardized testing

The word “standard” can be defined as “somethingbtished as a rule or basis of
comparison in measuring or judging capacityWebster's New World Dictionayy
Engineering standards allow for uniformity throughthe engineering community.
Their use is so ubiquitous that they go almost tined and are taken for granted.
Everything from phone jacks, to raw materials etst procedures, to bolts and nuts
conform to engineering standards. It is no exagjger to say that it would not be
possible for our economy to exist with out the ostandardized parts and testing.

Standardized testing is a critical component ofir@gying. Not only does
standardization prevent the “reinventing the wheglidrome (the test procedures are
already developed) they assure validity of theltesund assist with analysis and
communication. A simple example is the tensilé tised for determining basic
mechanical properties of a material. ASTM Inteiova! (formerly, American Society of
Testing and Materials) has developed a standardéezgdor tensile testing (standard ES8).
It describes such things as valid geometry forgpstimens (if specimens are too short
and wide, uniform stress may not be present, am@duatioroc = F/A may not valid),
strain rates, temperature, and so forth. Whamneonicating the results of such a test,
to describe the test procedures the author negdstatke “testing was conducted per
ASTM E8.”

B. Measurement standards

Unlike testing standards, which are primarily doemts describing test specimens,
conditions and procedures, measurement standaghgsical entities and define basic
units of measure. Measurement standards are antedpart of commerce and
engineering. So much so that Article I, Sectionf&@he U. S. Constitution grants power
to congress “To coin money, regulate the valueatbfeiland of foreign coin, arftk the
Standard of Weights and Measures Without measurement standards, a pound of
hamburger purchased from Safeway might actuallglveiore than a pound of
hamburger purchased from another store — whap@iad? How long is one foot? How
cold is 10°C? We need to define what we mean éyd#hnious units of measure, and
standards do just that.

Measurement standards define the unit of meastable 1 is a list of the definitions of
theprimary standards. The standadifinethe variable. For example, the distance light
travels in 1/299,792,458 seconds in a vacisiby definition one meter. Inversely, the
speed of light is nowlefined as 299,792,458 meters per second.
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Table 1 — Definition of the seven physical variagbtemprising the primary standards.

Physical variable Unit Standard
Mass Kg platinum-iridium cylinder (France)
(Ibm) (1 lby, by definition equals 0.4535924 kg)

Time second 9,192,631,770 periods of “oscillatioh”
cesium-131

Length meter distance light travels in 1/299,798,4
seconds

Temperature* kelvin complex, 1 kelvin unit is 1/273
thermodynamic triple point of water*

amount of a substance] mole number of atoms in k§18t carbon-12

light intensity candela emission of 540X16iz radiation at 1/683
watt per steradian

electric current ampere current to produce ZXN0per meter
between 2 wires, 1 m apart

*Temperature isn’t so easy to define, but rathestnine defined at discrete points:

Fixed point Temperature (K)
Triple point of hydrogen 13.8033
Triple point of neon 24.5561
Triple point of oxygen 54.3584
Triple point of argon 83.8058
Triple point of mercury 234.3156
Triple point of water 273.16
Melting point of gallium 302.9146
Freezing point of lanthanum 429.7485
Freezing point of tin 505.078
Freezing point of zinc 692.677
Freezing point of aluminum 933.473
Freezing point of silver 1234.93
Freezing point of gold 1337.33
Freezing point of copper 1357.77

Triple point: the temperature at which solid, lidj@nd gas phases coexist.

(Source: Wheeler and Ganiji, Introduction to Engiireg Experimentation,
Prentice Hall1996)

Measurement standards must have global availaksidyhey can be used where they are
needed), they must be stable (so they don't chaitfjetime), and they must be traceable
(so validity can be assured).

The standard for mass is a “fixed” object (artifdatpt in a vault at the International
Bureau of Weights and Measures in France. Thifeiris by definition 1 kilogram. In

Mechanical Engineering Laboratory Handbook 5



the United States, NIST maintains mass standardslégram and pound-mass. The
other primary standards are “reproducible” in aperty equipped laboratory. Other
physical variables are derived from these fundaaigatitysical variables. For example,
stress involves measuring length (to calculate)ared force. Force is based on mass
and acceleration, and acceleration is based onaiddength.

Standards are essential in calibrating measuredestes. The only way to know that
the micrometer used in a laboratory to measureligraeter of a bar is “accurate” is to
compare its measurement to a standard. Sincedatigractical to have all micrometers
calibrated based on the definition of a meter, sdaoy standards are used. Secondary
standards are typically a physical artifact andral&ively easy to use for calibration.
Gage blocks are the secondary standards for lerigiase are pieces of metal whose
length is known precisely. Standards exist atotarihierarchies:

Primary standards or reference standards — ThdathiiTable 1)
Inter-laboratory transfer standard - used withlysl

Local standards - used by Calibration labs a} Secondary standards
Working instrument - end user

Each level or hierarchmust be traceable to a higher level, up through toptiraary
standards. So the local standard used to calibrei®meters must have been compared
to either inter-laboratory transfer standards ceatly to a primary standard. “Error” or
uncertainty increases with each step away fronptimeary standards.

C. Calibration and certification

Calibration determines the uncertainty (error) ofi@asurement device by comparing its
measurement with the appropriate measurement sthn@artification is the
documentation of the calibration. In order for easurement to be valid for engineering
purposes the measurement device must be calibaatedertified. Certification almost
always has a time limit. If the calibration hapiegd, even if nothing else has changed,
then the measurement should not be consideredrilibble for engineering purposes.

Even if a piece of equipment is calibrated andifoedt to assure accuracy is maintained
it is common for operators to check the calibrapoior to and after taking
measurements. A common example includes using KEEEable hardness calibration
blocks before and after a series of hardness merasuts (perhaps at the beginning and
ending of each shift).

Measurement equipment used in school laboratoftea & not calibrated or the
calibration has expired. Calibration can be gekpensive (several thousand dollars to
calibrate a tensile test machine’s load cell) 38 typically not justifiable for education
purposes. Not having calibrated equipment doesneain the measurements are grossly
in error, it just means you do not know the unaetyeof the measurement.

Not having calibration does not mean inaccuracd, catibration does not guarantee
accuracy. Just because the measurement deviakbisated, it does not mean that it
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could not have been damaged and is no longer fumog properly. Calibration provides
information about the expected uncertainty in asneament.

D. Organizations

Professional societies and other organizations @hagry significant role in establishing
and maintaining codes and standards. Anyone whaelmnged the oil in a car is

familiar with SAE oil weights such as SAE 10-40heEBe are viscosity standards created
by the Society of Automotive Engineers (SAE). Ewgrs should be familiar with the
societies and organizations in their field and doe $0 understand the relevant codes and
standards (codes are standards that have beereddnyph government agency or
business contract and are enforceable by law). fdlleving are a few of the more
prominent organizations related to standards:

NIST — National Institute of Standards and TechggloNIST was formerly the
National Bureau of Standards created by US Congmek301 (prior to this,
standards were controlled by the US Treasury). TN$Shot a professional
society, rather it is the government agency mamdayghe US Constitution
responsible for assuring fairness in weights andsuees. It is responsible for
defining and providing measurement standards iruthieed States. All
measurement standards in the US must be tracealNIST. NIST
Laboratories, located in both Gaithersburg, Marglaand Boulder, Colorado,
conduct research in a wide variety of physical angineering sciences. The
labs respond to industry needs for measurementaasgthools, data, and
technology.

ISO - The ISO is a worldwide federation of natios@ndards bodies organized to
promote the development of standardization ande@lactivities in the world
with a view to facilitating the international exeigge of goods and services, and
to developing cooperation in the spheres of intélial, scientific, technological
and economic activity.

BIPM - International Bureau of Weights and Measusethe English name of the
Bureau international des poids et mesufi@d’M). It is one of the three
organizations established to maintain the Inteomati System of Units (SI)
under the terms of th@onvention du MétréMetre Convention). It is based at
the Pavillon de Breteuil in Sevres, France. Tis& tf the BIPM is to ensure
world-wide uniformity of measurements and theicé&ability to the
International System of Units (Sl1). The other oligations which maintain the
Sl system are:

+ CGPM - The General Conference on Weights and MeaSCGPM,
Conférence générale des poids et mesures).

+ CIPM - The International Committee for Weights andasures (CIPM,
Comité international des poids et mesures).

Some prominent professional societies and orgaidmatthat are involved
with developing standards for parts, processes,materials include:
U.S. Military — has numerous standards (MIL-STD)dontractors doing defense
business. The standard governing measurementadibcation is MIL-STD-
45662A.
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AGMA — American Gear Manufacturers Association. &rnts founding in
1916 it has diversified and broadened its servicesiclude both
technical standards and business management peacfioc America
and the world.

ASTM International (formerly, American Society oégting and Materials) ASTM
International is an international voluntary stam$aorganization that develops
and produces technical standards for materialslyats, systems, and services.
Today, ASTM International maintains more than 18,8tandards. The Annual
Book of ASTM Standards consists of 77 volumes. Mers represent
manufacturers, users, governments, and academiedver 100 countries.
ASTM Standards compliance is voluntary but in thetéd States, with the
1995 passage of the National Technology Transférfalvancement Act, the
U.S. government is required to use privately dgwetbstandards whenever
possible. As a result, ASTM Standards have beerpiocated into or are
referred to by many federal regulations.

ASHRAE — American Society of Heating Refrigeratanmd Air conditioning
Engineers. The American Society of Heating, Refagag and Air
Conditioning Engineers (ASHRAE; pronounced 'asty-ris an international
technical society for all individuals and organiaas interested in heating,
ventilation, air-conditioning, and refrigeration\\AC&R). ASHRAE publishes
a well recognized series of standards and guidehelating to HVAC systems
and issues. These standards are often referentedlding codes.

ASME International — Formerly, the American SociefyMechanical Engineers
(ASME) is a professional organization focused orcima@ical engineering. The
ASME was founded in 1880 by Alexander Lyman Holldgnry Rossiter
Worthington, John Edison Sweet and Matthias N. Epiin response to
numerous steam boiler pressure vessel failuresoiidanization is known for
setting codes and standards for mechanical devices.

ANSI — The American National Standards Instituté&diSI (pronounced "an-see") is
a private nonprofit organization that overseesdimeelopment of voluntary
consensus standards for products, services, pesegstems, and personnel in
the United States. The organization also coordi@ts. standards with
international standards so that American produatsbe used worldwide.

AWS — American Welding Society. The mission of Araerican Welding Society is
to advance the science, technology and applicafievelding and allied joining
and cutting processes, including brazing, soldesimdj thermal spraying. It
creates standards for welding materials and presess

SAE — SAE International (SAE) is a professionalamrigation for mobility
engineering professionals in aerospace, automatidethe commercial vehicle
industries. The Society is a standards developwrgainization for the
engineering of powered vehicles of all kinds, imthg cars, trucks, boats, and
aircratt.
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SECTION Il - MEASUREMENT AND ANALYSIS

A. Types of errors (systematic and random)
Measurement error is the difference between trevalue and the measured value:
error = measured value - true value

The “true” value is the value one would obtain watperfect measurement. Since there
is no such thing as a perfect measurement, thevélue can never be known (with the
exception of measuring the original artifact —éaample the 1 kg mass in France).
Since the true value can never be known, the eemomever be known exactly — it can
only be estimated using statistical analysis. [Eoraincertainty is inherent in every
measuring device; there is no such thing as a gerfeasurement.

Errors are not only inherent in measuring devibes due to extraneous circumstances,
uncertainty (error) exists in experiments and tdsmselves. These are referred to as
experimental errors. In any experiment, two typiesrror can exist: systematic and
random.

Systematic errors

% Systematic errors are caused by underlying fagextsaneous variables) which
affect the results in a “consistent/reproduciblei sometime “knowable” way —
they are not random. For example, measuring tigtheof a bar at various times of
the day may result in errors due to temperaturages

% A danger with systematic errors is that they caul mfalse conclusions It is

important to not confuse correlation with causatiéior example, let's say you
wanted to know which of two different brands ofattecal switches have longer
life. You receive 10 samples of each brand fairnigs You can only test one
switch at a time and you choose to test all 10raht A’s switches before testing
brand B. The test shows brand A’s lasted 50% Ibngeaverage. So you conclude
brand A is better. Then someone points out totiiatithe ambient temperature
during the testing of brand A was generally mucbleothan when brand B was
tested. Did brand A last longer because they Wweteer or because it was cooler?
Since lower temperature may have improved theoifine switch, it may have
caused systematic error in this experiment. Basetthis experiment you can not
know why brand A lasted longer. This experimens \&total waste of time and
resources! It was worthless. A better experimemild have involved
randomizing the order the switches were testecenEternating between brand A
and brand B (test A, then B, then A, then B...) caatdoduce systematic error.
Randomizing the order of test conditions is the laeg/ to avoid reaching false
conclusions due to systematic errors.
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« Systematic errors can be managed by properly dedigrperiments (randomize!).
Remembergorrelation is not causation!
« Some causes of systematic errors include:
o Slow but consistent changes in temperatures
o Different batches of material or samples
o Different machines, operators, measurement totds, e
o Unknown changes in procedures (an operator magen&amiliar with a certain
task in the procedure, but “improves” over timahasexperiment progresses).

Random errors
+ Random errors show no reproducible pattern — theyandom.
% Random errors are sometimes referred to as “noise.”
+ Random errors are usually assumed to have normiaibdition (bell shaped);
therefore, averaging several readings can redunckona errors.

B. Basic statistical analysis

In EGR360Analaysis of Engineering Datatudents are taught basic statistical tools.
The most basic of these include means, standaidta®s, and linear regression. It is
not the purpose of this document to provide in dej$cussion of statistical tools, but
students involved with designing, conducting, calgring an experiment or test should
review basic statistical methods.

Due to its importance and lack of familiarity amehmany students, one particular
statistical tool is worth a very brief review. lslook at our switch example from above.
Assuming it was properly randomized so systematmre are not introduced, if brand
A’s last an average of 20% longer than brand Byasmd A truly better? Comparing the
averages is NOT sufficient to answer that questidhé best way to answer this sort of
guestion is with hypothesis testing (the t-te3the t-test incorporates both the standard
deviation of the data as well as the means to astim probability that one set of data is
different than another set (A is better than Birtlker explanation of the t-test is beyond
the scope of this document, but it is assumedstiuaients have the ability to refresh their
memories.
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SECTION IV — TESTS AND EXPERIMENTS

A. Tests verses experiments

Many people use “experiment” and “test” synonymgublt they can mean two very
different things. They are similar to the extdrayt both typically involve collecting data
in a laboratory setting. However, the two may beeraearly delineated as follows:

Testing
o Often evaluates performance of something (for examapest could determine the
strength of a new material).
o Often has a “pass/fail” criteria (for example, iayranswer the question does a
product meet the strength requirements).
o Often is performed per an existing standard, methogrocedure.

Experiments
0 Requires changing one or more variables to deteritsreffect on one or more
dependent variables.
o Not associated with pass/fail, but rather evaltiagtter/worse”
0 Conducted to learn how things work or perform urdiffering conditions
o Conditions may be included where the outcome isvnio be “bad”

Proper design of an experiment or test often reguaalancing competing criteria, as
does designing components. Cost, time, availajplgenent, control over variables,
confidence in the outcome, etc. must all be comsileAll experiments and tests require
careful interpretation! Before relying on testuks, you must understand how the data
was created and was analyzed.

B. Variables
Variables are physical quantities that may or matyaffect the results of an experiment
or test. There are several types of variablescéeteal with any test and experiment.

Controlled — these are variables whose level (madaj setting, value) are
controlled. They may be held constant or intergtilynvaried. For example,
temperature may be held constant (so that uniatesiteffects of temperature
variation are not introduced) or it may be inten#lhy set to various levels
(40°F and 60°F for example) in order to study tfieat of temperature
change.

Extraneous — variables that are not controlledaaecconsidered to have no effect on
the experiment or test are considered to be exdtemeFor example, in an
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experiment conducted to determine the boiling pofra liquid, an extraneous
variable might be how quickly the liquid is heated.

Dependent and Independent variables — the magnfuadiee) of dependent variables
are dependent upon other variables whereas theitundgs of independent
variables are not. For example, in an experimedetermine the effect of
temperature change on the toughness of AISI 1@, shen temperature
would be an independent variable and toughnessdiAmib dependent
variable.

Discrete — sometimes referred to as “attribute”datécategorical data.” These are
variables that cannot be quantified. For exaniplan experiment to
determine what manufacturing method results inteebpart, a forging or a
casting, then “manufacturing method” would be awite variable. Other
examples include “operator” “machine” and “matebatch”.

Continuous — these are variables that are qudrigfiaFor example, an experiment
might want to determine the effect of carbon cohtenthe toughness of steel.
“Carbon content” is a continuous variable sincgai be varied continuously.

C. Test plans and experiment plans
References:
Wheeler and Ganjintroduction to Engineering Experimentatidarentice Hall,
1996.
J. P. HolmanExperimental Methods for EngineeMcGraw-Hill, 2001

No test or experiment should ever be conductedowtth well thought out plan. The
plan should include most or all of the following:

1) A clear description of the purpose (why is thisigeione).

2) Background information - explanation as to why it or experiment is being
conducted, what are similar test or experimentdyafing standardized tests) and
any other information to “set the seen” for the@xmpent or test. Don’t forget to
cite references! See the School of Engineeri¢yging for Engineerdgor
description of backgrounds in general.

3) Description of all test variables (dependent, iredejent, extraneous, etc.) and
their levels (magnitudes, values — whether fixedarred).

4) Explanation of the experiment’s design (what wéldone to reduce systematic
and random errors, what will be done to ensuravaisults). The level of testing
should be justified or explained (for example hiis ta “low cost” experiment
because spending more resources is not justifiggiaid). Briefly discuss any
standardized tests to be used.

5) Detailed description or list of required resources:

a) Materials and test specimens (be sure to in@xtta materials and specimens
for pre-test trials and mistakes that may occumdutesting that may “ruin”
the specimens).

b) Personnel and expertise

) Instrumentation, transducers and measuremelst too

d) Equipment and fixtures

6) Estimated cost and schedule
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7) Procedures and methods clearly described, citamsirdized tests where
appropriate.

8) Sketches of samples or specimens

9) Sketches of experimental setup

10)Analysis plan. Describe what analysis will be cactdd and what methods will
be used to analyze and interpret the data.

11) “Data sheet” (a.k.a. “check sheet” or “run shee#t table or similar document
showing the conditions of the experiment with brklues to be recorded
during the experiment. It must include variablenea and units). A hardcopy of
the run sheet should be created even if all databe recorded electronically.

When designing an experiment, students are enceditagavoid the “one variable at a
time” approach. Such experiments rarely producammgful trustworthy results.

Again, discussion of alternatives is outside thapsoof this document, but students are
encouraged to seek advice on experimental desgfosehinvesting significant resources
on a worthless experiment. Statistical Design giétiments (DOE) is a powerful tool to
optimize limited resources.

Data Sheets

Laboratory data sheets are used to record critit@mation prior to and during
laboratory work. They are created during the pilagistages of an experiment (pre-lab
work). They should be sufficiently detailed sa@secord all critical information
including hardware to be used and the data recorddy should include the following
where applicable:

- Name of the experiment

- The name of the participants.

- The name of the person recording the data.

- The date(s) that the laboratory was conducted.

- Description of test equipment and fixtures (inchgimodel and identification
numbers).

- Description of measuring instruments and transau@ecluding model and
identification numbers and calibration dates).

- To assist with data taking, a sketch of the lalmwyasetup including location of
the transducers may be required.

- Atable or list with blank places to record theadatt must be clear in this table
what the test conditions are for each set of ddta.blanks should appear in the
order they are to be filled in. The data may idel@xtraneous, dependent, and
independent variables. If data is recorded elaatadly, a printout of the data
should be attached to the data sheet at the caoplgtthe laboratory.

D. Example Plan (University of Portland)

The following is an example of a simple experimglan to determine the stress near a
hole in a plate.
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Purpose
The purpose of this experiment is to determineattial stress near a hole in a flat
plate of steel. The simple test specimen is basesh actual part being designed for
a landing gear in a small aircraft and a corretabetween the stress and applied
force is desired to assist with designing the part.

Background:
Holes in parts are known to cause stress concemtsaflocalized increase in stress).
For the sake of designing an aircraft part withhsastress concentration, it is desired
to know if a linear relation exists between thelegopaxial load and stress near the
hole.

Test Variables:
Extraneous
Ambient temperature
Ambient humidity (will not be recorded)
Material variability of test specimen (not evaluhte measured)
Surface finish of the hole (will not be measured)
Controlled variables
Magnitude of applied force
Load rate
Specimen geometry and material specification
Location and orientation of strain gages
Dependent variables
Strain at three locations near the hole (see Eigur

Experiment Design
A simple relation between load and stress is désoeaid with design. A high
degree of accuracy is not required for this expentnand therefore only one
specimen will be used. Uncertainty created bydelbt variability of the material,
strain gage orientation and positions, and otheila variables are assumed to be
negligible. The run order of the applied forcdl e randomize to reduce systematic
errors, and the experiment will be repeated on@ssoire the effects of plastic
deformation potentially introduced by the experitname evaluated.

Required Resources
Equipment and materials required for preparation
One specimen (see Figure 1)
Strain gage application materials and tools (wadhesive, solder, soldering iron)
Three uniaxial single strain gages (Vishay, p/nL@¥)5

Equipment and materials required for experiment
Thermometer (for measuring ambient temperature)
Digital Strain Indicator, Switch and Balance Unit
SATEC load frame with specimen clamping fixtures
Calipers
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Personnel skills required:
Applying strain gages
Measuring strain using strain gages
Using SATEC load frame and recording loads.
Machining skills to manufacture the test specimen

Estimated Cost and Schedule

Estimated costs are $1500 total
$200 specimen
$100 gages and consumables
$200 mounting the gages
$500 test frame time
$500 analysis and report writing

All required equipment is available in-house.

The experiment will take approximately 8 weeks fribva start:
4 week — manufacturer specimen
1 week to mount strain gages
1 week for load frame (for schedule — actual tgstime, 1 day)
2 weeks analysis and report writing

Pre-experiment Procedures
1) Obtain or manufacture test specimen
2) Apply strain gages to the specimen
3) Wire the strain gages

Experiment Procedures:

1) Measure and record the specimens width, thickieds,diameter, edge margin,
and strain gage locations.

2) Load specimen in SATEC clamping fixtures makingesiine axis of the specimen
is aligned with the SATEC axis.

3) Attach the strain gage wires to the Digital Stiaidicator and Switch and
Balance Unit.

4) Check the continuity of the strain gages to entugg are functioning.

5) Prior to applying load, null the load cell and strgages.

6) Apply five loads of various magnitudes accordinghe data sheet, unload before
reloading.

7) Record the strain levels on each of the three gages
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Sketch of Test Specimen
All dimensions are inches (not to scale — not toleed, for reference only)
Material: AISI 4140 Q&T

3.25 ‘—" 1.00 dia.(centered)
A =
= (I:j/ T
1.80 °

A

A 4

30

Figure 1 — test specimen sketch

Sketch of Experiment Setup
The specimen should be centered in the grips

Grips \ l

Figure 2 — sketch of specimen in grip fixtures

Analysis Plan
The stress values from the three gages will begalain an x-y scatter plot and the

linear regression will be calculated to determireelinear relation between force and
strain is produced. Stress is calculated as:
o0 =FE*t

Whereg is the axial stress,is the axial strain measured by the strain gages$ E is
Young's modulus (30Mpsi for steel).
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Data Sheet

Experiment title: strain near hole in plate duexal load.

Experiment conducted hy:
Data recorded by:

Date(s) conducted

Equipment:
Description Model Serial number Calibration dueedat
Calipers
Thermometer
Strain gage meter
SATEC load frame
(with clamp grips)
Gage B
Gage C\
\ =
- 0
Gage A
Test specimen and gage identification
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Data:

Controlled variables:
Load rate is to be 100 N/sec +/- 10N/sec
Extraneous variables:
Ambient room temperature at start of test

Experiment run table:

°C

Run

Load set
point
(kN)

Actual
load
(kN)

Actual
load rate
(N/sec)

Strain
Gage A
(microstrain)

Strain
Gage B
(microstrain)

Strain
Gage C
(microstrain)

5

20

15

10

25

20

15

5

25

ROO|INO|OAWINF

0

10

Ambient room temperature at end of test

Mechanical Engineering Laboratory Handbook
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E. Example Plan (Freightliner)

An example of a different test plan is shown be{oaurtesy of Freightliner). Note the
judicial use of test standards used to describgitheedures. It does not include a data
sheet nor does it contain all of the elements daesgrabove. It is provided here not as an
example of an appropriate test plan at the UnityecdiPortland, but rather to show one
example of a test plan used in industry.

Methods and Equipment

Testing will be conducted in accordance with tHefing documents:

Freightliner Engineering Procedures

Calibration and Maintenance of Test 09TE-S02
Equipment

Test Engineering Process 09TE-S03
Load Dump Tester Operation 09TE-K15
Thermotron Model SM16C 09TE-K16

Temperature/Humidity Chamber Operation
Operation of Electrostatic Discharge Simulator 09TE-K17

Testing

Steady State Conditions Voltage Test 09TE-K18
Guidelines

Inductive Switching Tester Operation 09TE-K22
Suspension Spring Cycle Testing 09TE-K23
EM Test MPG 200 Micro Pulse Generator 09TE-K26
EM Test LD 200 Load Dump Generator 09TE-K27
Salt Fog Exposure Test and Chamber 09TE-K50

Operation & Maintenance

Freightliner Engineering Standards
49-00085 Rev. A. Performance Requirements-Eledftksctronic Module, sections
3.1 through 3.4.

SAE Publications
SAE J1455  Joint SAE/TMC Recommended Environmentattizes For Electronic
Equipment Design (Heavy-Duty Trucks)

ASTM Publications
ASTM B117 Standard Practice for Operating Salt $fFog) Apparatus

The test equipment used is listed in table 1 below.
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Table 1 - Test Equipment

Description Model | D# Cal Due
Date
Digital Multi Meter Fluke 26 Il EIL-19-043 01/12(D
Digital Multi Meter Fluke 79 EIL-19-010 01/12/00
Digital Multi Meter Fluke 23 EIL-19-023 01/12/00
Power Supply Sorensen DCR 20Asset 99173 N/A*
250A
Power Supply TCR 20S90-1 S/N 83M-4744 N/A*
Power Supply H-P 6268B S/N TE 628384 N/A*
Dynamic Load Transistor DevicgsEIL-14-016 05/26/00
Load Dump Tester EM Test LD 200| Asset 923690 0B26/
Inductive Switching Tester| EM Test MPG 200 Asse3&B0 05/26/00
Load Dump Tester Freightliner N/A N/A*
Inductive Switching Tester| Freightliner N/A N/A*
Electrostatic Discharge ETS 930C EIL-24-014 5/27/99
Tester
Digital Oscilloscope (DSO)| Fluke 97 EIL-22-007 0520
Digital Oscilloscope (DSO)| Fluke 97 EIL-22-008 04%/20
Power Supply EMI - SCR 158C N/A*
Environmental Chamber Thermotron 15-004 N/A*
SM16T
Environmental Chamber Cascade TEK | 0100499 N/A*
TFO-1
Thermocouple Amplifier Fluke 80TK EIL 34-011 05/09/
Variable Load Tester Sun VAT-33 N/A N/A
Current Clamp Fluke Y8100 EIL-20-001 5/26/00
Data Logger Fluke 2635A S/N 6838312 1/29/99
Controller Compag Portable| S/N N/A*
1l 4035HN4H008
Data Acquisition Board Kiethley DAS-8 | N/A N/A*

Mini
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