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This book introduces experimental method for engjinghich is divided into eleventh

chapters. The first chapter discusses on engirgeesiperiment. In the second chapter,
technical report writing is discussed. Then, meas@nt concept is discussed in chapter
three, dimension measurement is discussed in ahdpier, weight and force

measurement is discussed on chapter five, torguesunement is discussed on chapter
Six, pressure measurement is discussed on chaytenth, and temperature are discussed
on chapter eight, than continued with experimentaertainties in chapter nine. Chapter
ten discusses on experiment and data analysiseltast chapter, occupational health and

safety act was discussed.

In the book, many pictures and illustrations arecl@sed to assist the readers’
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other companies’ websites, books and brochureseXhet sources are quoted and listed
in the references. The book is for engineering atloe purposes only.
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Chapter.1

1.0 Engineering Experiment

1.1 Experimental Research

The following list of steps explains the processcohducting experimental research in

more detail. Researchers should follow these dtepsder to ensure the integrity of the

process.

1.

Select a topic

This involves simply identifying an area of interes general subject.

Identify the research problem.

Given the topic or subject, the researcher must dawtify specific problems or
guestions that relate to the subject. The researdag be familiar with subject
and may already know the problem they want to rebedf the researcher is new
to the topic, it may be helpful to examine literat@nd previous studies, as well
as talk to other researchers. The problem selettedld be important to the field
and be of significance to others in the discipline.

Conduct a literature search

Once the research problem is identified, a liteeatsearch should be conducted
before proceeding to design the experiment. Itakpfil to know what studies
have been performed, the designs, the instrumessd, uhe procedures and the
findings. This information will guide the researcla®d help them create a project

that extends or compliments existing research.

Construct a hypothesis

In this step, the researcher states the researektign as a hypothesis. This
provides the basis for all other decisions in tmecpss and therefore, it is a
critical step.

Determine the design of the research

The researcher should review the hypothesis andyvérat an experimental
design is the appropriate research design needednswer the question.
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Additional information regarding different types @tperimental research design
will be covered in the next module.

6. Determine the research methods
In this step, the researcher will identify and ptha details necessary to conduct
the research. This includes identifying the teffjestts, materials, data collection
instruments and methods, and the procedures fauaih@ucting the experiment.

7. Conduct the experiment to test the hypothesis
The experimental procedures will be carried ouhia phase.

8. Analyze the data
Experimental research data lends itself to a wanépotential statistical analyses.
The appropriate analysis is determined by the reBeguestion and the type of
data.

9. Formulate conclusions.

Review the data and determine if it confirms opdises the hypothesis.

1.2 Categories of Experiment

Research is a bridge that combines theory and gipériments. In solving a problem in
the field of engineering generally can be done binhgi two methods of theory and
experiment. An expert analyzes or predicts resudised on an analytical model using
existing theory. If neither theory nor theory isa@ate enough, the expert can conduct an

experiment based on existing theories.
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’ , A AN
Figure 1.1: An example of experiment in offshore engineering

An experiment is a procedurally activity which ienducted to support, refute,
validate a hypothesis or theory. Experiments prvigsight into cause-and-effect by
demonstrating what outcome occurs when a parti¢atdor is manipulated. Experiments
vary greatly in goal and scale, but always rely repeatable procedure and logical
analysis of the results.

Experiments typically include controls, which arsdned to minimize the effects
of variables other than the single independentlséei This increases the reliability of the
results, often through a comparison between contnelsurements and the other
measurements. Scientific controls are a part oktentific method. Ideally, all variables
in an experiment are controlled (accounted forlgydontrol measurements) and none are
uncontrolled. In such an experiment, if all corgraéork as expected, it is possible to
conclude that the experiment works as intended,tlaadresults are due to the effect of
the tested variable.

All experiments involve manipulation of one or manelependent variables and
observing the effect on some outcome (dependerdhta). Experiments can be done in
the field or in a laboratory. Experiment used igiaeering can be categorized based on
many factors:

1. Determination of Material Properties and Object Bnsions
2. Determination of Component Parameters, VariablesRerformance Indices

3. Determination of System Parameters, Variables amfbfnance Indices
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© N o g &

Evaluation and Improvement of Theoretical Methods

Product and/or Process Improvement by Testing Eafmoy Experimentation
Acceptance Testing

Use of physical models and analogue

Teaching and Learning Through Experimentation

In experiment, the scientific method used is uguall

1.
2.
3.

Change only one variable at a time.
Examine on one experimental method to verify usable

Examine the believability of experiment with theliépto repeat.

1.3. Learning Outcome

This module allows students to conduct guided awrparts. The guided experiment

contains instruction in conducting experiments taglents. It helps students in:

1.
2.

o 0 &

7.

Conveying basic concepts through practical appboat

Teaches the procedures, usage and limitation ahtresuring equipment.
Implant good practices in data taking and magnitudeel. Teaches
communication manners

With own self — inserting records into log book.

With others — technical report writing.

Teaches experimental techniques

Build-up student’s potential to analyze and evawetperimental result critically.

In the end of study, the student should be able to

1.

© © N o o bk~ 0N

Choose one suitable problem with the existing iféed in the allocated time.
Plan overall method to solve the selected problem.

Design the measuring system required.

Develop the experimental equipment.

Make proper adjustment on equipment and measuysigrs.

Carry out experiment.

Date gathering and processing.

Result analysis.

Prepare and presenting verbal/written report.
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1.4 Experimental Stages

In order to carry out an experiment systematicdtlligas to be divided into various stages:
1. Clearly stated the experiment objective.

Proper preparation and planning.

Preliminary experiment.

Experiment and measurement execution.

Repeatability and repetition of experiment.

Data Analysis.

N o g s~ w D

Report writing.

1.5. Experimental Logbook

For any engineer experiments done for the methodgesults to be valid, students must
document correctly, so the validity of experimentsgults can be examined later. Every
experiment will have slight variation, thus, stuttear researchers must have a proper,
organized recording method for further analysisppees. Some experiment might take
minutes, hours, days, weeks or even months, artd &at every new experiment taken
place might be an improved version from the presione with the intention of getting
better result. Thus, keeping track of all the attés happened since the beginning until
the end is essential in order to avoid data lasmess up. If it is being done the proper
way, then it will ease the report writing and pres#éion process.

The first thing you should write in any log is tliate. Then provide some
background information to justify why you are doitg experiment, and how you intend

to go about doing it

1.5.1. Log Book

Log book, or laboratory journal, is a record bodded to note down the experiment
processes, activities, remarks, results of experimend etc. during or after the
experiment. It also has the role of:

* As arecord for patent law.

» Keeping accurate and complete record for experipegress.
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* Organized recording for new finding, informatiorrthdo obtain elsewhere, new
finding, etc.
* As atool for arranging, and to concentrate dureygprt writing.
Information recorded in the log book must at leasitain Information such as:
» Designing concept, date and name.
* Initial sketches/drawing.
* Initial written explanation.
* Information about first announcement to outsider.
» Initial designing experiment.
Always remember to use binded, with book coverfzetyf log book. Making sure that

each page is numbered properly, and lose pagersgsy not recommended.

Vehicle Log Book

lometer reading (at start of period): [2457 ] Period to | NumberPlatel
Joumey Odometer reading
for tri . :
Date From To Start Finish Dist (km) Reason for trip Driver's signature

September 23, 20| Michigan Lansing 56764 | 56870 106 Business Trip

Figure 1.2: An example of log book for vehicle

1.5.2. Log Book for Engineers

It is very hard just to depend on memory to remandde the data obtained from
experiment, because some data might take days,swaeknonths to gather from the
experiment. Thus, organized entry of data intoltigebook is essential. An engineering
student normally would do experiment:

e To justify some theory in the textbook.
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To perform standard experiments.
To determine the performance of some machine.

To determine some physical constant.

In order to train student in a practical way abthé techniques required to carry out

engineering experiment.

Log book of a student should at least include:

Record for the experiment date.

Objective of the experiment.

List of apparatus prepared and notes on how tdahase tools. Also record down
the apparatus setup and arrangement, and if thegyidifficulties in using it.

List and make proper table to record down resuitaioed.

Record all the required information so to obtaia ¢iverall experimental errors.
Obtain sufficient results to evaluate the effeate®s and level of success for the
experiment.

Gives commentary regarding the experiment and dssdie critical result

obtained.

1.6. Summary

The design of experiment can be summarized asafollo

Objective.

Planning.

Method Valuation.
Uncertainty analysis.
Cost.

Calibration.

Data gathering.

Data reduction.
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Chapter.2

2.0 Technical Report Writing

2.1. Technical Report

An engineering technical report is a formal repddsigned to convey technical
information in a clear and easily accessible forrRaport writing is an essential skill for
engineering students before entering real job. driggneering technical report is divided
into sections which allow different readers to ascdifferent levels of information. A
report must be presented in well-structure, andalig attractive manner; the competent
use of technical language, and accurate referemdiatj sources is also a requirement.
Engineering reports analyze data, present results @nclusions, and make
recommendations in a logic and precise manner.t@ttenical information is presented
and convey through combination usage of numbemsbels, tables, graphs, diagrams
and words. Report writing process typically corssist planning, writing and revising

stages that need to be improved to achieve a guildument.

2.2. Importance of Report

Engineers perform technical report to communicaiment information that is needed
by upper management to make intelligent decisibas will affect a company’s future.
The technical report contains detailed knowledgeisilen control upper management
project engineer. Many engineers spend betweerrid3l/2 of their work time engaged
in Technical Writing. Example: Proposals, RegulasioManuals, Procedures, Requests,
Technical Reports and Progress reports
In universities, engineering students will be reedito write a variety of reports

while at university, such as:

» laboratory/practical reports

» field reports

* industrial experience

* vacation reports.
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e thesis

2.3. Content of Report

A technical report should contain the following tsaas. All experiment reports is usually
written in A4 size papers and bound with the predidront cover. Generally, there is no
fix number of pages one is required to write a ipakport. It is all depend on the
content of the report. Short and precise repornish preferred than a long and less
precise one. Typically for a long formal report thumber of pages are not more than 15
pages and for the short report not more than 7page

Table 2.1: Content of technical report

Section Details

Title page Must include the title of the report. Reports fesessment, where
the word length has been specified, will often alsquire the
summary word count and the main text word count
— The report title or heading should at least contain

* Experiment title

* Names of student or reporter

* The date of experiment.

— Note that:
* Experiment title should be brief but informative.
Abstract A summary of the whole report including importagatures,

results and conclusions. The abstract is oftentewritast as its
purpose is to provide a summary of the report'semrissl
information. All material in the abstract will als®® in the report,
particularly the Introduction. The abstract shoappear on a
separate page after the title page, and it is lysaabut 100— 200
words in length.
HEINMEWALEGEIN 1. Content
* The heading for the list of contents is Contentise Tist
should clearly include:
o all major section/subdivision headings; numbered
and worded exactly as in the text of the report
(minor headings are optional)
0 page numbers for each section/subsection
 The contents page may be set out with each level of
subheading indented by a tab space. Thidowsl the
reader to understand at a glance the strucfitbe
report, and to differentiate betweempantant and
less significant information.
2. List of Figures
a) The heading for the list of figures is Figures.
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b) The list is only necessary if more than a few feguappear
in the main text of the report.

c) The list includes the figure number, caption, arafye
number, ordered as in the text.

3. List of Tables

* The heading for the list of tables is Tables.

* The list is only necessary if more than a few talappear
in the main text of the report.

* The list includes the table number, caption, angepa
number, ordered as in the text.

4. Symbol

*  Where symbols are used extensively (typically nibwn
10 symbols are used), a list of definitions shapgear at
the beginning of the report.

» If there is no list, symbols should be defined e text
when first used.

» The heading for the list is Symbols.

* The list of symbols should include appropriate infation
such as the symbol, definition, quantity to whidie t
symbol refers, and the unit of measurement.

* Use an appropriate number of significant figuretewel of
accuracy when presenting measurements.

Introduction States the objectives of the report and commenttherway the
topic of the report is to be treated. Leads stiaigto the report
itself. Must not be a copy of the introduction itah handout.
Theory Explains theory is used to analyze the experimetata
SoEinegielsise s 1. Equipment

up & Data 2. Methods

3. Observations and results

4. Experimental error assessment

Analysis & Data experiment should be analyzed and discusseetail
Discussion

Conclusion A short, logical summing up of the theme(s) devetbm the main
text

References Details of published sources of material referredit quoted in
the text (including any lecture notes and URL adsles of any
websites used.

Bibliography Other published sources of material, including vtels not
referred to in the text but useful for backgroundusther reading.
Ao dplel=nlesnni=ies List of people who helped you research or prepaee report,
including your proofreaders

Appendices Any further material which is essential for full derstanding of
your report (e.g. large scale diagrams, computelecoaw data,
specifications) but not required by a casual reader
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2.3.1. Introduction

In an essay, article, or book, an introduction ibeginning section which states the
purpose and goals of the following writing. Thisgenerally followed by the body and
conclusion. The introduction typically describes #tope of the document and gives the
brief explanation or summary of the document. lyrabkso explain certain elements that
are important to the essay if explanations arepaot of the main text. The readers can
have an idea about the following text before thetaly start reading it. In technical
writing, the introduction typically includes one orre standard subsections: abstract or
summary, preface, acknowledgments, and foreword.

The Introduction gives the reader the necessarikgoaand information. It can

include:
. a description of purpose(s) and objective(s) /a®i
. a statement of the problem(s)
. a survey of background information
. a review of previous work/research and the relatigmto the current project
the method(s) of approach
. an indication of the scope and limitations of study
. an outline of material presented in the rest ofréport
2.3.2. Theory

A theory written in a report can be quickly undeost when it is written using a set of
familiar symbols used in corresponding field ofdstuln every engineering field there
will be a set of symbols that is used to descrhmoties. The usage of symbols in the
theory must be consistent to avoid confusion arshgiinterpretation. In a mathematical
analysis, all equations must be written clearly andeparate line and numbered.
Theories are inherently speculative and approxiraate experiments are not done
to validate anything that is well established, ustteod and proven beyond any doubt it is
correct. Assumptions made in the theories musirbyf questioned if the experimental
did not confirm the predicted results. Any conatusiesulted from that assumption must
be reexamined in detail. For presentation purpabesmain theory statement must be

highlighted but the detail mathematical developmeietter to be placed in appendices.
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2.3.3. Experimental Set up and Data

In the experimental set up, researchers shouldilesand explain clearly and detail all
the experimental procedure to be extended thaderecan repeat the experiment without
requiring further study. The operating principldsan experiment apparatus should be
described clearly. It is recommended that when ril#ag an apparatus it is better to
include a clear diagram or photograph of it. Téléofving items should be included:

1. Equipment

2 Methods

3.  Observations and results

4

Experimental error assessment

Figure 2.1: Experimental setting up of the tandem arrangenoérihe rounded-shape

FPSO in marine dynamic basin Tank.

2.3.4. Result and Discussion

As discussed above, introduction provides backgtanformation on the problem and

will define the hypotheses that will be examinedtle experiment. The discussion
section talks about whether the hypothesis wasatgy by the experiment or not. The
discussion section is the place to discuss patm@rtrends in your results and what those

patterns mean for your research.
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Discuss how the experimental results compare tditlikngs of others who have
done similar projects or sought to answer similaesgions. If the results support the
findings of other researchers, then cite their aede and briefly describe what the
similarities and differences in approaches andlt®esuvere. If the results are different
from previous findings, discuss why the result ifedently than other researchers. If
there are a few possibilities but this is not sxactly why the results were different, talk
about those possibilities but also state that mank could be done on the topic. Clarify
if there may have been differences in experimgmatess or even errors that caused the
results to differ.

Experimental observation means: Recording data ssclpressure, Temperature,
Speed, etc. and the difficulty in operating theaappus
1. All generic results and raw data must be neatlgrayed in table.

2. Each measurement dimension must be stated cleadl\thee layout of the table
should relay the differences between generic resultraw data.

All tables must be labeled and numbered.

A sample of specific calculation must be writterthe report.

A typical calculation carried out during reducirigetraw data into generic result
such as averaging and calculating dimensionlessnpeter should be written in
log book only.

6. If for some reasons, the author is compelled tonstie calculation in detalil, it
can be referred from the main text through appetithx contains the calculation
in great detail.

7. Assessing the experimental error.

a. All experimental results should include the range accuracy they are
subjected to.

b. The accuracy given should correspond with the aoyuof the apparatus etc.

c. Also consider that sometimes a figure will demaatstra numerical trend
more effectively than a table.

d. All results/finding are explained typically throughaphs, diagrams etc.

e. Consideration should be given as to whether tha dabetter communicated
to the reader by a table or a figure.

f. Using tables or bulleted lists will focus the read@& relevant and needed

information.
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g. This technique is easier for the reader than regaimother paragraph.

h. For example, write an introductory comment and thehadvantages and
disadvantages of two types of dwellings in a table.

i. If the raw data have intrinsic significance on theriment other than their
influence on the calculated result then two gramme for raw data and the
other for the calculated result, should be presknte

j. Do not include any graph without giving any explama or describing its
trend.

k. All result must be discussed in detail and integatewith the aids of existing

relevant theory.

2.3.5. Conclusion

The conclusion of a report must be related to, masdilting from, the material which
appears in the report. The content of the Conatugidl be linked to the Introduction.
The Conclusion places findings in perspective withatroducing any new material, and

it may include:

. a clear and concise summary of the main points

. the context and significance of the information

. a reference to the original aim(s) / purpose(ghefreport
. the application(s) of the results

. the limitations and advantages of the findings

. the student’s judgment/evaluation

2.3.6. Recommendations

Not all reports include recommendations, but ifytrere required recommendations
should emerge from the conclusions of the repdris $ection is important to those who
must act on the findings. Student may include a&fprpersuasive statement before
presenting the recommendations clearly listed imimered or bullet points. A series of
recommendations may be worded in instructional Uage; for example, each beginning
with a verb. Recommendations may involve:

» strategies, procedures or techniques for solviegptbblem(s)
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e an indication of further work which needs to be pteted

2.3.7. References

A reference list (not to be confused with a bibtegghy) must appear at the end of a
report, listing all sources that have been refeteeth the text. The heading for this list
will be References. (Students should ensure thaoakces are referenced in the text as
well as in the reference list at the end of theoreplrhe format of the reference list will
depend on the system of referencing chosen forgpert. There are two different types
of reference lists used in engineering:

» alphabetical reference list according to author seduwith the author-date

(Harvard) system

; Reference list at the end of report:
Author-date referencing P

* alphabetical list of references
- author’s surname first
- date follows author
- no page numbers of quotations

In the text of report:

* author and date in parentheses
e.g. ...validation of results (Smith 1992).

) i - where more than one line in length
* page number included if needed it

the second line is indented

* numbered reference list in order of their appearancthe text — used with the

numerical (endnote) system

. - Reference list at the end of report:
Numerical referencing

In the text of report: ¢ numbered list of references
- author’s initials or name can be

* consecutive numbers in square before the surname

brackets - title follows author, with date
appearing later

e.g. ...validation of results [4].
- page numbers are last if needed
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Author-date referencing

Advantages

* allows author and date to be seen in
context within the text of report

* saves turning to a list at the end to find
the name of a cited source

* provides an alphabetical reference list
at the end

* means that inserting extra references
into the text is easy

Numerical referencing

Disadvantages

* creates very long author-date entries if
there are multiple authors and sources

* creates repetition and disruption to
the text when the same source is used
repeatedly

Advantages

¢ prevents the text of the report from
being interrupted by wordy references

* prevents constant repetition of the
same references as only a number
needs repeating

Disadvantages

* creates a non-alphabetical reference list
at the end

* means turning to reference list to match
a numerical reference to its source

* may create complications if an extra
reference needs inserting later

* The reference list only includes the sources reteto in the report.

* A bibliography is a wider list of all texts that\ebeen read in preparation for

writing.

* A bibliography is not usually included in an enggriag report
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Chapter.3

3.0 Measurement Concept

3.1. Introduction

Measurement is the assignment of a number to aacteaistic of an object or event
which can be compared with other objects or evehlt® scope and application of a
measurement is dependent on the context and disziflhe measurement system is the
main part for experimentation. Mostly measuremardgs the International System of
Units (SI1) as a comparison framework. Proper dearghapplication of the measurement
system is vital to the success of experimentalystud

In order to design properly and apply measuremsmstems, two kinds of
information are required as follows:

1. It should be familiar with accepted methods of #yewy the accuracy of any
measurement system.

2. It should be aware of the different devices avdddbr measuring specific
variables such as temperature, acceleration, peesand voltage, so that the
most appropriate apparatus will be chosen

Designing a measurement system means using suitableiques, acceptable
devices, validation testing, suitable calibratiand planning on how to handle, analyze
and present measured data. Usually we need to kwiwtto be measured, and then we

can decide the devices required for the test osaoreanent.
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Figure 3.1: An example of measurement in aeronautics.

Regardless of the measurement system design, tlmviftg items should be

followed to minimize errors;

if several parameters need to be controlled, experial procedure must be so
designed that changes in one parameter would floence the value of other

parameters. If unable to do so, the number of émiting parameters should be
reduced.

The measurement should be designed so that thabletbeing measured is the
only dependent variable. Others variables havetodmtrolled.

measuring devices must be sensitive enough to tdatgcchanges in the variable
being measured but not the other

signal path of a measurement system must be desggnthat effects of foreign or

external variables can be minimized

Experimental plan must be so designed that effefctsreign variables are only

due to random occurrences

3.2 Basic Definitions

Signal output can be influenced by many variablest result in distortion. Careful

planning is needed to minimize such influence. Gailying calibration one can input

values can be known beforehand and the informat@mbe used to relate input signal

and output signal. One important step in desigmm@asurement system is finding the

way to do repeatable calibration that can best lstauhe input signal during the actual

measuring.
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Table 3.1:Basic definitions in measurement

Raw values obtained from experiment. Normally nuca¢values
Collection of raw values — finite or infinite valkie
Part of population — collection of values obtairigdexperiment, finite and
can represent the population
Actual magnitude of measured entity e.g. pressglecity, temperature, etc.
Actual value can be estimated but never known gxact
Value as displayed by measurement system. It isdbece of raw data
Equipment resolution refers to the smallest scaadable from the
equipment. For instance, a thermometer that cam igading between 0° C
and 100°C on 12-inch scale can have higher resolgtbmpared to a similar
thermometer but on a 6-inch scale
In measurement system, it is logical to define reaothe difference between
the reading of the instrument and the true valud®imeasured quantity.
Error is the difference between actual valvie)(and resulti(r).

Error = Vr-"Va
However, the nature of parameters involved in ecadculations is difficult
to ascertain, so the actual value of error is yakebwn for sure.
size of quantity

In some situations, error is measured in termaxtfon error

quantity error

fraction error = — :
size of quantity

And most commonly used method is percentage eroceptage error =

guantity error = 100

3.3. Calibration

A calibration is the act of applying a known valoethe input of a measuring instrument
for the purpose of observing the output. Calibratfords the opportunity to check the

measurement instrument against a knowrdatdnand subsequently to reduce error.
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However, the exact true value won't be known beeaaalibration involves
comparison between an instrument and the stand@&el standard, itself being physical
devices, is also not perfect. Thus, it is incapablelling us the true value.

Calibration procedures involve a comparison ofipaldr instrument with either;

1. a primary standard

2. a secondary standard with a higher accuracy theninktrument to be
calibrated

3. a known input source

A flowmeter, for instance, can be calibrated by;
e comparing it with a standard flow-measurement fgciat SIRIM, British
Standard Institute (BSI), or National InstituteStbndards & Technology (NIST),
* comparing it with another flowmeter of known acaya
» directly calibrating with a primary measurement fsugs weighing a certain
amount of water in a tank and recording the tinsg@sd for this quantity to flow

through the meter.

3.3.1. Calibration Concept

A calibration is the act of applying a known valeethe input of the measuring system
for the purpose of observing the system output. Kriewvn value applied to the input is
known as the standard. The relationship betweenniha (independent variables) and
the output (dependent variables) of the measurygies is established during the
calibration of the measuring system.

By application of a range of known values to thpuinand observation of the
system output, a direct calibration curve can besliped for the measurement system.
On such a curve the input x is plotted on the a&sscagainst the measurement output y
on the ordinate. In a calibration the input vallewd be a controlled input variable,
while the measured output value becomes the depewndeable of the calibration.

A calibration curve forms the logic by which a mae@snent system's indicated
output can be interpreted during an actual measemerAlternatively, a calibration curve
can be used as part of developing a functionatioglship, an equation known as a
correlation, between input and output. A correlatall have the formy = f(x) and is

determined by applying physical reasoning and ciitiieg techniques to the calibration
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curve. The correlation can then be used in lateasmements to ascertain the unknown

input value based on the output value, the valdeated by the measurement system.
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Figure 3.2: Calibration measurement.

Ocean & Aerospace Research Institute, IndonestaM&asurement Conce



Experimental Method for Mechanical Engineering

3.3.2. Static and Dynamic Calibrations

3.3.2.1. Static Calibration

Static calibration refers to the input-output rielas obtained when only one input of the

instrument is varied at a time, all other inputs\geept constant. A known value is input

to the system under calibration and the systemubutp recorded. Static refers to a

calibration procedure in which the values of theialdes remain constant during a

measurement that is they do not change with timestMommon type of calibration

which is only the magnitudes of the known input #melmeasured output are important.

Steps for calibration:

a)
b)

c)

d)

Identify all the possible inputs of the instrument.

Decide which of the inputs will be significant inyr application.

Determine the apparatus and methods to controy (@amaintain constant) all
significant inputs over the desired range.

By varying one input and holding the other inputsistant, develop the sensor

input-output relations.

Example: Calibration of the pressure gage sensor

The objective in this example is to determine #latronship between the desired
input (pressure) and the output (scale reading).

The first step of the calibration process requidesitifying the desired, interfering

and modifying inputs of the pressure gage.

In the second step you must determine how, or iatwbnditions, you are going

to use the sensor.

Then you must ensure that, by choosing the ap@i@peaxperimental conditions, all the

inputs of the pressure gage, except the fluid pressre kept constant. The fluid pressure

(true value) must be varied with another instrumémtincrements, over some range,

causing the measured value also to vary:
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pvre'sus:re [ndicoted pressure o-+Increasing true pressure
kPa |Increosing | Decreosing| &~ Decreasing true pressure
A 0.000 | -1.12 -0.69
1.000 0.21 0.42
2.000 .18 1.65
10 b— 3.000 2.09 2.48 &
4.000 3.33 3.62
5.000 4.50 4.7)
o Y| 6000 | 5.26 5.87
— 7000 | 6.59 6.89
_ 8}—| 8000 | 7.73 7.92
"é 9.000 8.68 9.10
£ 5 10000 | 9.80 | 10.20
: L/
QO
3 6
® 5 ; ;
H | Least-squares fitted line
3 %=1.08 9-0.85
s 4
e
o
5 3
;‘:3 / Acceleration = 0
=2 Vibration level =0
S /( Ambient temperature =20+ 1°C
!
0 /( -

y12345678910

S q; True pressure, kPa

The average calibration curve is taken as a stréigh of equation:

q4o = mq; + b

m andb can be obtained with the least-squares criterion.

In this examplegn = 1.08 andb = — 0.85 kPa

The reading go allow us to write an estimate ofttbhe pressure as

q; = (q, + 0.85)/1.08

However, this value, obtained from the least-squiéine, must have some plus-or-minus

error, given by the standard deviatiar) (

o2 = Zl@o=b)/m-ail’®
N
o = 0.18 kPa

Thus if the reading from the gage is 4.32 kPa,estimate of the true pressure would be
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q; + 30 = (4324 0.85)/1.08 + (3x0.18)
= 4.79 + 0.54 kPa
Note: By taking an error of three times the stadddeviation, we ensure that the true
pressure will be in the defined range [4.79-0.8479+0.54] with a probability of 99.7%.
The total error of measurement is in two parts:

* the bias, 0.47 kPa (=4.79 - 4.32)

* the imprecision, + 0.54 kPa

3.3.2.1. Dynamic Calibration

Dynamic calibration is time dependent in both magie and frequency content. The
input-output magnitude relation between a dynamjgui signal and a measurement
system will depend on the time-dependent of thetigognal. Time-dependent dynamic
calibration is calibrated. Variables are to be meas and a performed in addition to the
static. A dynamic calibration determines the relaship between an input of known

dynamic behavior and the measurement system output.

3.3.3.3. Sensitivity

The sensitivity of an instrument refers to its épito detect changes in the measured
guantity. It can be defined as the slope of thebraion curve if the input/output
relationship is linear. The output quantity mustddeen as the actual physical output:
Which is an angular displacement for the pressuageg 5 degrees/kPa, if the
spacing between two marks is 5 degrees.
Thus the static sensitivity of the pressure gadexsl.08 (slope of the calibration
curve)= 5.40/kPa
The sensitivity of an instrument refers to the tquentity that is being measured (qi
in our example). The sensitivity of the instruméatinterfering and/or modifying
inputs can also be of interest.

The slope of a static calibration curve yields $tetic sensitivity of measurement
system. As shown in the calibration curve (Figur®),3the static sensitivityk, at any
particular static input value, say, is evaluated by
K = K(x1) = (dy/dx)x = x1
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Static sensitivity is a measure relating the changee indicated output associated
with a given change in a static input. “SensitiVitg also the smallest change in

measurement that measuring equipment can detect.

® Measured values

w—Curve fit, y = f(x)
=
_—
£
>
-
=

J
Input value, x [units]
Figure 3.3: Static sensitivity
3.3.3.4. Range

The proper procedure for calibration is to applpwn input ranging from the minimum
and to the maximum values for which the measuresystem is to be used. These limits

define the operating range of the system. Inputaipey range is defined as

Tx = Xmax — Xmin (3.1)
Similarly, the output operating range is defined as
Iy = Ymax — Ymin (3.2)

It is important to avoid extrapolation beyond trenge of known calibration during

measurement since the behavior of the measurery&ensis uncharted in these regions.
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3.3.3.5. Accuracy & Inaccuracy

The accuracy (lack of error) of an instrument carebaluated in terms of the concepts of
precision and bias. In practice, every device \pilbduce an error on the measured
guantities. Knowing the accuracy of that devicd alllow us to put bounds on the error.
The accuracy of a system can be estimated durifgai#on. If we assume that the input

value is known exactly, then the known input vatam be called the true value. The
accuracy of a measurement system refers to itgyatwl indicate a true value exactly.

Accuracy is related to absolute error. Absoluteorere, is defined as the difference
between the true value applied to a measuremetgmsyand the indicated value of the

system:

e = true value - indicated value (3.4)

Percent relative accuracy is defined as

A=1-———x100% (3.5)
true value
By definition, accuracy can be determined only wkien ‘true value’ is known, such as
during a calibration.
The total inaccuracy of the measuring instrumerteiBned by the combination of

bias and imprecision.

3.3.3.6. Precision & Imprecision

The precision of a measuring instrument is the @e¢o which it produces similar results
for the same inputs on a number of occasions. Rapéty or precision of a

measurement system refers to the ability of théegydo indicate a particular value upon
repeated but independent applications of a spedlige of input. But note that a system
that repeatedly indicates the same wrong value uppeated application of a particular

input would be considered to be very precise rdgasdof its known accuracy.
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The imprecision (or random error) is a type of ethat is not known precisely for
a given measurement, just bounded. It is diffefentevery reading and we cannot

remove it.

3.3.3.7. Bias

The bias on a measurement is the part of the #radrcan be removed by calibration. It

has the same value for all measurements.

3.3.3. Sequence Calibration

A sequence calibration applies a sequential vanaith the input value over the desired
input range. This may be accomplished by increathiegnput value (upscale direction)

or by decreasing the input value (downscale divegtover the full input range.

3.3.3.1. Hysteresis

Sequence calibration is an effective diagnostibriegie for identifying and quantifying
hysteresis. Hysteresis error refers to differermseen an upscale sequence calibration

and a downscale sequence calibration. The hyssezasir of the system is given by

€n = Yup — YVdown (3.6)

The effect of hysteresis in a sequence calibratiome is illustrated in figure 3.4

S | Downscale
T Y
> £
= x&
3 S5
S Upscale
O
Input value

Figure 3.4: Sequence calibration curve due to hysteresis
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Hysteresis is usually specified for a measuremgatem in terms of the maximum

hysteresis error as a percentage of Full-Scale@uinge (FSO)

%ey = 2max 100 (3.7)

o

Hysteresis occurs when the output of a measuresystem is dependent on the previous
value indicated by the system. Such dependenciedeabrought about through some
realistic system limitations such as friction oseous damping in moving parts or
residual charge in electrical components. Someehgsis is normal for any system and

affects the precision of the system

3.3.4. Random Calibration

A random calibration applies a randomly selecteglsace of values of a known input
over the intended calibration range. It breaks ygidresis effects and observation errors.
It ensures that each application of input valusmdependent of the previous. Generally,
such a random variation in input value will moresdly simulate the actual measurement
situation.

A random calibration provides an important diagimostst for the delineation of
several measurement system performance characterisased on a set of random
calibration test data. In particular, linearity ar sensitivity error, zero error, and

instrument repeatability error can be quantifiemhfra static random calibration

3.3.5.1. Linearity Error
Many instruments are designed to achieve a lireation between an applied static input

and indicated output values. Such a linear stalibm@tion curve would have the general

form:
yi(x) = ap, + arx (3.8)

Where: the curve fiy, (x) provides a predicted output, value based on aiinelation

between x and y.
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In real systems, truly linear behavior is only appmately achieved. Relationship
betweeny, (x) and measured value y(x) is a measure of the remalibbehavior of a

system:

e (x) = y(x) =y, (x) (3.9)

Actual data
trend

Output Value

Best linear
curve fit

Input Value
Figure 3.5: Linearity Error

Where:e; (x) is the linearity error Figure 3.5. Such behavsoillustrated in Figure 3.5 in
which a linear curve has been fitted through abcalion data set. For a measurement
system that is essentially linear in behavior, ¢éx¢éent of possible non-linearity in a
measurement device is often specified in term$iefmhaximum expected linearity error

as a percentage of full-scale output range:

%(ep)max = MxlOO (3.10)

To

3.3.5.2. Sensitivity Error

The scattered data measured during a calibratifacttafthe precision in the slope of
calibration curve. As shown in Figure 3.6, if w& fhe zero intercept at zero (a zero
output from the system for zero input), then thattec in the data leads to precision error

in estimating the slope of the calibration curve.
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Sensitivity errorgy , is a statistical measure of the precision d@rrdhe estimate of
the slope of calibration curve. Static sensitivifya device is also temperature dependent

and this is often specified by manufacturer.

Maximun for
typical decice

=/
/

// /7 Nominal curve for

/ ° °
/ i typical decice

/7 Minimun for
72747 typical decice
7 QK P

Output Value

Input Value

Figure 3.6: Sensitivity error

3.3.5.3. Zero Error

If zero intercept is not fixed but the sensitiviy constant, then drifting of the zero
intercept introduces a vertical shift of the caioon curve (Figure 2.5). This shift of the
zero intercept of calibration curve is known as #eeo error,e, of the measurement
system. Zero error can usually be reduced by pieaty adjusting the output from
measurement system under a zero input conditiomeMer, some random variation in
zero intercept is common, particularly with eleaitoand digital equipment subjected to

temperature variations.
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Output Value
]
2

Typical Shift
(low)

Input Value

(d) Zero Shift (null) Emror
Figure 3.7: Zero Error

3.3.5.4. Repeatability

The ability of a measurement system to indicate game value upon repeated but
independent application of the same input is kn@agnthe instrument repeatability.
Specific claims of repeatability are based on mldticalibration tests (replication).
Repeatability as shown in Figure 3.8, is based statistical measure called the standard

deviation ¢,), a measure of the variation in the output foneig input.

/7
3 /
> (2) Repeatability Emor
/7
2 y: / Probable (+/-2S )
3 / /7 data scatter band
/ /7 % on successive
measurements
Inout Value

Figure 3.8: Repeatability

The value claimed is usually in terms of maximurpented error as a percentage of full-

scale output range:
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%(e,)max = %xlOO (3.11)

Instrument repeatability reflects only the errorurid under controlled calibration
conditions. It does not include the additional estimtroduced during measurement due to

variation in the measured variable or due to praced

3.3.5. Standard

Measurement system is calibrated by comparing tit weveral standards whose values
are known beforehand. Standard that is the basikeotomparison with an equipment
that is well trusted by its user. Or, it could eabject that has well formulated physical
properties to be used for comparison. Or, it cdudda technique that has been well
accepted, and known to produce trusted values. tdtNobnfuse the meaning of the term
‘unit’ and ‘dimension’. A dimension is a physicanable used to specify the behavior or
nature of a particular system. Unit is the basimteve use to measure dimension. For
instance, mass, length and time are basic dimendioat are related to unit kilogram,
meter and second. Unit is defined by primary steshdBrimary standard must define
each unit so that it can be exact and accurateaPyistandard is needed, otherwise a unit
can't be defined consistently — e.g. 1 unit meger be defined as the length of a rod, or a
distance travelled by light at a specified fractmna second. To avoid confusion, each
unit is defined by agreements at the internatibmal. Some considerations for primary
standards

* Universal availability

» Continuous reliability

» Stability

* Minimum sensitivity to surrounding environmentagd@ents
International Measuring System only provide staddar four basic dimensions — mass,
length, time, and temperature.

Standard for other dimensions are derived fronfahe basic ones

Standard for mass

» Dimension of mass is defined in S| system by oriekilogram.
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One kilogram is the mass of a platinum-iridium la@pt at the International

Bureau of Weights and Measures in Sevres, France.

Standard for Length

Dimension of length is defined in SI system by ané meter.
Primary standard being used is the one defined982lwhere one meter is

defined as distance travelled by light in vacuurB.i835641 x 10-9 seconds.

Standard for time

One second is defined as the duration of 9,1927@81periods of the radiation
corresponding to the transition between the twoehiype levels of the ground
state of the cesium-133 atom
Standard for time is maintained by Bureau Inteoratie de I'Heure (BIH) in
Paris, France.
Meanwhile, standard for cyclical frequency is basedstandard time. Standard
unit is hertz

1Hz = 1cycle/second
Cyclical frequency is related to circular frequeneyrose unit is radians / second

1 Hz = 2nradians/second

Standard for temperature

In 1927, US, UK and Germany proposed one standardefmperature that was
later known as International Temperature Scale 1925-27).

The standard, which was accepted by more than 8&nsawas almost the same
as the thermodynamic scale proposed by Kelvin #4818

Due to rapid development in engineering fields,esal adjustments had been
made especially during conferences in 1948 and ¥868e the official name of

the scale was changed to International Practicalpezature Scale of 1968 (IPTS-
68)

Now, IPTS-68 has been accepted as the primary ataridr temperature by the
International Committee on Weights and Measures

Basic unit for temperature is Kelvin (K) which isefthed as 1/273.16 of

thermodynamic triple point of water

Some countries are still using absolute Ranking $tle
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* Rankine scale is related to Celsius and Fahresbalé as below;
e °C=K-273.15

e °F=°R-459.67

e °F=[°C] x9/5+ 32.0

3.3.5.1. Hierarchy of Standard

* Primary standard serves as the ultimate reference

* However, primary standard is not practical for usenormal or day-to-day
calibration

* Therefore, there is a secondary standard which duicate of the primary
standard

* Secondary standard provides close approximatigheoprimary standard and yet
is more accessible.

* Besides secondary standard, there are other levstandard.

~
¢ Primary standard

J

D
¢ National standard / mobile standard

J

)
* Local standard

S

N
e Work instrument / measurement system more errors

J

Due to the nature of secondary standard as a diglisome amount of uncertainty
exists. The lower we go down the hierarchy, theememors are introduced into the

standards. The term standard can also carry aehffeneaning. Standard can also means
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a standard testing procedure. Standard testingeg@uoe is to ensure consistent way to do
measurement. Example, Power Test Code publishé@drmrican Society of Mechanical
Engineers (ASME)

3.3.5.1. Lab Accreditation

In Malaysia, SIRIM is responsible for maintainingcendary standards at the national
level. Some companies that are involved in the rfeature of measurement devices do
have their own standards Firms that offer calibratservices have to have their
calibration equipment calibrated by SIRIM. Only rthehey can be recognized and

qualified to offer calibration services.
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Chapter.4

4.0 Dimension Measurement

4.1. Ruler

A ruler is a straightedge with equally spaced mmg&ialong its length which is used in
geometry, technical drawing, engineering and bogdio measure distances or to rule
straight lines. Rulers have long been made froffierdint materials such as wood, plastic,
and metals and in a wide range of sizes.

Desk rulers are used for three main purposes: @sure, to aid in drawing straight
lines and as a straight guide for cutting and sgpwith a blade. Practical rulers have

distance markings along their edges.

4.1.1. Straight Ruler

A line gauge is a type of ruler used in the prigtindustry. These may be made from a
variety of materials, typically metal or clear glasUnits of measurement on a basic line
gauge usually include inches, agate, picas, andtgpoMore detailed line gauges may

contain sample widths of lines, samples of comnype in several point sizes, etc

Figure 4.1: Straight ruler.
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4.1.2. Folding Ruler

Measuring instruments similar in function to rulexee made portable by folding or
retracting into a coil when not in use. Foldingeruls ideal for carpenters and other
professional craftsmen. When extended for use, tirey straight, like a ruler. The
illustrations on Figure 4.2 show a 2 m carpenteits, which folds down to a length of 24

cm to easily fit in a pocket, and a 5 m tape, whighacts into a small housing.

('/’Hg/i/‘[lll |I'I'l' I'I'I'I'I'I'I'Lll'l'l"'l'l'l' l'l'l'l'l'l'l'l;l'g!lllmnqu nm: '1”
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A o /l/:/,,, e L U A YO O T ll"'ll'ﬂ" th ‘“ ""‘
uly -

l||||||l||| 1 oL

"N'\'"u‘.‘\'"“"\b“““\'""‘ J‘\l\'l'\l #:l"l‘l‘l\':‘;:‘:‘::‘l'dmm'\ e ‘LW‘)

\
ARt |hh\|\|h mARANGIOA

Figure 4.2: Folding ruler

4.1.3. Retractable Flexible Ruler

A flexible length measuring instrument which is macessarily straight in use is the
tailor's fabric tape measure, a length of tapebcated in inches and centimeters. It is
used to measure around a solid body, e.g., a pensarst measurement, as well as linear

measurement, e.g., inside leg. It is rolled up whatnin use, taking up little space.
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Figure 4.3: Retractable flexible rule or tape measure

4.2. Caliper

These tools are comparators, used for transfeaidignension from one place to another.
Calipers can be set from a sample of work, frorula or from a micrometer. Most
accurate setting can be obtained from a sample mework. Quite accurate results can
be obtained by setting calipers from micrometer €aliper legs should move smoothly
but not too easily.

4.2.1. Outside Caliper

Outside calipers are used to measure the extemeabtan object. To adjust a caliper to

the work, open the legs wider than the work anad thréeng them down to the work.

Figure 4.4: Outside caliper

4.2.2. Inside Caliper

Inside calipers are available in the same sizea@sgutside calipers. They have straight
legs, turned out at the top and are used to tatdamrmeasurements.
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Friction joint

Legs

N\

V

Figure 4.5: Inside caliper

4.2.3. Spring joint caliper

The spring joint calipers have legs pivoted onleer@nd the legs are tensioned by means
of a strong bow spring. The adjustment for meagusmMmade by opening and closing the
legs by means of an adjusting nut.

Figure 4.6: Spring joint caliper

4.2.4. Transfer caliper

Transfer calipers are used for measuring chamfgreoves or flanges. A screw attaches
a small auxiliary leaf to one of the caliper lehie measurement is made as with
ordinary calipers. The leaf is locked to the letpeTlegs may be opened or closed as
needed to clear the obstruction. The legs are ltheanght back and locked to the leaf,

restoring them to the original setting.
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Figure 4.7: Transfer caliper

4.2.5. 0dd Leg Caliper

Odd leg calipers are used to draw lines parallantedge. They consist of one caliper leg
and an leg with an adjustable scriber point. Oddclipers can also be used to lay out

the center of round stock.

4.3. Vernier Caliper

The Vernier Caliper is a precision instrument tbamh be used to measure internal and
external distances extremely accurately. The exarapbwn below is a manual caliper.
Measurements are interpreted from the scale bygbe This is more difficult than using
a digital vernier caliper which has an LCD digitksplay on which the reading appears.
The manual version has both an imperial and metade. Manually operated vernier
calipers can still be bought and remain populaabse they are much cheaper than the
digital version. Also, the digital version requirassmall battery whereas the manual

version does not need any power source.
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Measuring outside diameter Measuring inside diameter
Figure 4.9: Vernier caliper

Example 1:
The external measurement (diameter) of a roundoseptece of steel is measured using

a vernier caliper, metric scale.

13  21pivisions 13 +21x0.02

IMPERIAL SCALE 13 + 0.42
13.42mm (final answer)
.001in
0 2 4 s "8 1 z'J'é'i"z"
1y 2 3¢ 4 5 6 7
< e e e R
‘ 1 2 3 4 5. 7 8 9.0
METRIC SCALE an
k21 DIVISIONS-
MAIN METRIC SCALE HUNDREDTHS OF mm

MATHEMATICAL METHOD

A. The main metric scale is read first and this shives there are 13 whole divisions
before the 0 on the hundredths scale. Therefoedijrgt number is 13.

B. The’ hundredths of mm’ scale is then read. The kst to do this is to count the
number of divisions until you get to the divisidmt lines up with the main metric
scale. This is 21 divisions on the hundredths scale

C. This 21 is multiplied by 0.02100/50x0.01) giving 0.42 as the answer (each division
on the hundredths scale is equivalent to 0.02mm).

D. The 13 and the 0.42 are added together to givdiritae measurement of 13.42mm

(the diameter of the piece of round section steel)
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COMMONSENSE METHOD
Alternatively, it is just as easy to read the 13tlo& main scale and 42 on the hundredths

scale. The correct measurement is being 13.42mm.

Example 2:
19 32 DIVISIONS

19 + 32 X 0.02
19 + 0.64
19.64mm (final answer)

le— 34 0visions —!
MAIN METRIC SCALE HUNDREDTHS OF mm

Exercise 1:
A
By V.Ryan

1 2 3 4 5 6 7
[l

I

MAIN METRIC SCALE HUNDREDTHS OF mm
Exercise 2:
A
By V.Ryan
6 7
il
MAIN METRIC SCALE
HUNDREDTHS OF mm
Exercise 3:
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MAIN METRIC SCALE HUNDREDTHS OF mm

4.4. Screw gauges

Lock
Anvil Spindle nut Sleeve Thimble Ratchet

Figure 4.10: Screw gauges

Similar to the way a vernier caliper is read, angceter reading contains two parts:
1. the first part is contributed by the main scaldfumsleeve
2. the second part is contributed by the rotating reerscale on the thimble

Example 1:

5.0+0.5+0.28=5.78

The above image shows a typical micrometer scremggand how to read it. Steps:
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« To obtain the first part of the measurement: Lootha image above, you will see a
number 5 to the immediate left of the thimble. Tmeans 5.0 mm. Notice that
there is an extra line below the datum line, tbgresents an additional 0.5 mm. So
the first part of the measurement is 5.0+0.5=586.0=5.5 mm.

« To obtain the second part of the measurement: labtike image above, the
number 28 on the rotating vernier scale coincidigs the datum line on the sleeve.
Hence, 0.28 mm is the second part of the measutemen

You just have to add the first part and second phaithe measurement to obtain the
micrometer reading: 5.5+0.28=5.785.5+0.28=5.78 mm.

Example 2:

To ensure that you understand the steps aboveés loere more example:

First part of the measurement: 2.5 mm, Secondgbdine measurement: 0.38 mm, Final

measurement: 2.88 mm

Example 3:

\

® ¢

IIIIIIIIIIIIIII

=

&

/

Without object

f

86 1, E—a30
‘I—|—l—|'f— o

20
With object

The reading on the bottom is the measurement aataind the reading at the top is the

zero error. Find the actual measurement. Measurewitnzero error: 1.76 mm. Zero
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error: + 0.01 mm (positive because the zero mar&imthe thimble is below the datum
line). Measurement without zero error: 1.76—(+081).751.76 — (+0.01) = 1.75 mm

4.5. Dial Gauges

An indicator is any of various instruments useadourately measure small distances and
angles, and amplify them to make them more obvidhs.name comes from the concept
of indicating to the user that which their nake@ epnnot discern; such as the presence,
or exact quantity, of some small distance for examg small height difference between
two flat surfaces, a slight lack of concentricitgtveen two cylinders, or other small
physical deviations. Dial indicators typically maes ranges from 0.25 mm to 300 mm
with graduations of 0.001 mm to 0.01 mm. Variousnaa are used for indicators of
different types and purposes, including dial gawgieck, probe indicator, pointer, test

indicator, dial test indicator, drop indicator, pger indicator, and others.

?/ Digital display
1

Sturdy ergonomic handie

__— Exchangeable feelers

T T———— Flat feelers, adjustable
for parallelism

Figure 4.11:Digital thickness gauge
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Chapter.d

3.0 Weight & Forces Measurement

5.1. Principle of Measurement of Mass

Mass (symbolized m) is a dimensionless quantityesgnting the amount of matter in a
particle or object. Mass is measured by determirireg extent to which a particle or
object resists a change in its direction or spelednaa force is applied. The standard unit
of mass in the International System (SlI) is thediam (kg).

In its conventional form, this class of measuringtiument compares the sample,
placed in a weighing pan (weighing basin) and sudpé from one end of a beam with a
standard mass or combination of standard massesaale pan (scale basin) suspended
from the other end

To weigh an object in the measuring pan, standaigiws are added to the scale
pan until the beam is in equilibrium as closelypassible. Then a slider weight usually
present is moved along a scale on or parallel ¢obtam (and attached to it) until fine

balance is achieved. The slider position givesia fiorrection to the mass value.

5.1.1. Steelyard Balance

The steelyard comprises a balance beam wisichuspended from a pivot which is
very close to one end of the beam. The tantspof the beam which flank the pivot
are the arms.

The arm from which the object to be weighi@glde load) is hung is short and
is located close to the pivot point. The other &honger, is graduated and incorporates a
counterweight which can be moved along thes amtil the two arms are balanced
about the pivot, at which time the weight of thadds indicated by the position of the

counterweight
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Figure 5.1: Steelyard balance

Precise measurements are achieved by
* ensuring that the fulcrum of the beam is frictitnee
» by attaching a pointer to the beam which amplifieg deviation from a balance
position; and finally
* by using the lever principle, which allows fracténveights to be applied by
movement of a small weight along the measuring@rthe beam

» allowing for the buoyancy in air, whose effect dege on the densities of the

weights and the sample.

5.2. Principle of Measurement of Force

Weight (#/) is a quantity representing the force exerted quadicle or object by an
acceleration field, particularly the gravitatiorfedld of the Earth at the surface. In the
International System (SI) of Units, weight can bgressed in terms of the force, in
Newtons, exerted on a mass in a gravitational fiekek weight of an object is the force of
gravity on the object and may be defined as thesrtiames the acceleration of gravity,

w = mg (5.1)

When an elastic body is subjected to stress, ngedsion or shape changes in
proportion to the applied stress over a rangeretses. This led to Hooke's law which
states that strain, the relative change in dsioem is proportional to stress. If the stress

applied to a body goes beyond a certain value knasvthe elastic limit, the body does

Ocean & Aerospace Research Institute, Indones@\\Veight & Forces Measureme



Experimental Method for Mechanical Engineering

not return to its original state once the stresemsoved. Hooke's law applies only in the
region below the elastic limit.

Because measurement of distortion of motion provides the means of
determining the magnitude of aforce, Newtcarsl Hooke's laws are key concepts
in force measurements.

Equipment that can be used to measure force:
e Spring scale
* Proving ring

e Load cell and Strain gauge

5.2.1. Spring Balance

A spring scale or spring balance or newton meter tigoe of weighing scale. It consists
of spring fixed at one end with a hook to attacltobject at the other. Use a spring with a
known spring constant (Hooke's law) and measuredibplacement of the spring to
produce an estimate of the gravitational force igddby the object. A spring balance can
be calibrated for the accurate measurement of make location in which they are used.
It cannot be used for commercial applications unldseir springs are temperature

compensated or used at a fairly constant temperatur

Figure 5.2: Spring balance
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5.2.1.1. Hooke's Law

Consider a simple helical spring that has one #&tadtzed to some fixed object, while the
free end is being pulled by a force whose magniisde Suppose that the spring has
reached a state of equilibrium, where its lengthas changing anymore. Lét be the
amount by which the free end of the spring was ldegal from its "relaxed" position

(when it is not being stretched). Hooke's law stébat

F=kX (5.2)
Where;k is a positive real number, characteristic of teng).

Moreover, the same formula holds when the springoimpressed, witlk and X both

negative in that case. According to this formule graph of the applied fordeé as a

function of the displacemerit will be a straight line passing through the orjgihose

!
!
K ;
’
X
Compression Elongation

’

slope isk.

,Ull [

B ;
l . :——m—
3 >N -
>NV
>NV =
> NN\ —

Figure 5.3: Hooke's law

Hooke's law for a spring is often stated undercthrevention that F is the restoring
force exerted by the spring on whatever is pulitadree end. In that case, the equation

becomes
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F=—kX (5.3)

Since the direction of the restoring force is opgo® that of the displacement.

5.2.2. Proving Ring

A proving ring consists of an elastic ring in whitte deflection of the ring when loaded
along a diameter is measured by means of a micesrsetew and a vibrating reed. The
proving ring consists of two main elements, theyniself and the diameter-measuring
system. Forces are applied to the ring througlestternal bosses. The resulting change in

diameter, referred to as the deflection of the,risgneasured with a micrometer screw

and the vibrating reed mounted diametrically witttia ring.

J 4————— JPPEREXTERNA_BDSE

e
/ /_b_—"‘\—-\—JPPER INTERNAL BOES

7 / \ \\
(( VIBERATNG REED

/ STZEL RING

\\E?;vﬁ—ww:x IN IERNAL BUSY

l MAUFR FXTFRNAI ROSSK

CONTACT BUTTON
CRADJATED
NICROMET=R DIAL

HICRONET=R SCREW

5 QT.

Figure 5.4: Proving ring
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To read the diameter of the ring, the vibratingdrég set in motion by gently
tapping it with a pencil. As the reed is vibratirtige micrometer screw on the spindle is
adjusted until the button on the spindle just cotstéghe vibrating reed, dampening out its
vibrations. When this occurs a characteristic mgzound is produced. At this point a

reading of the micrometer dial indicates the dianef the ring.

5.2.3. Load Cell

A load cell is an electronic device (transducegttis used to convert a force into an
electrical signal whose magnitude is directly pmbipoal to the force being measured.
The various load cell types include hydraulic, pnatic, and strain gauge. It happens in
2stages as follows: mechanical force is sensedjusisirain gauge and the strain gauge
converts the deformation (strain) to electricahsig. A load cell usually consists of four
strain gauges in a Wheatstone bridge configuratidre output of the transducer is

plugged into an algorithm to calculate the forcplegal to the transducer.
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Figure 5.5: Push-pull rod load cell spring element

Strain gauge load cells are the most common insimgu These load cells are

particularly stiff, have very good resonance valuexl tend to have long life cycles in
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application. Strain gauge load cells work on thiegiple that the strain gauge (a planar

resistor) deforms when the material of the loadsadéforms appropriately. Deformation

of the strain gauge changes its electrical resistaby an amount that is proportional to

the strain. The change in resistance of the styairge provides an electrical value change

that is calibrated to the load placed on the laal ¢

There are several common shapes of load cells:

1.
2.

Shear beam, a straight block of material fixed ne end and loaded on the other
Double-ended shear beam, a straight block of nadtéxed at both ends and
loaded in the center

Compression load cell, a block of material desigtzetle loaded at one point or

area in compression

. S-type load cell, a S-shaped block of material tbah be used in both

compression and tension (load links and tensiom loalls are designed for
tension only)

Rope clamp, an assembly attached to a rope andumesags tension. Rope
clamps are popular in hoist, crane and elevatoliGgiions due to the ease of their
installation; they have to be designed for a largege of loads, including
dynamic peak loads, so their output for the ratedl itends to be lower than of the
other types

Loadpin, used for sensing loads on e.g. axles.

Common issues

1.

Mechanical mounting: the cells have to be properbunted. All the load force

has to go through the part of the load cell whereléformation is sensed. Friction
may induce offset or hysteresis. Wrong mounting mesylt in the cell reporting

forces along undesired axis, which still may somswtorrelate to the sensed
load, confusing the technician.

Overload: Within its rating, the load cell deforrakastically and returns to its
shape after being unloaded. If subjected to loddwe its maximum rating, the
material of the load cell may plastically deformistmay result in a signal offset,
loss of linearity, difficulty with or impossibilitypf calibration, or even mechanical

damage to the sensing element (e.g. delaminatiptune).
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3. Wiring issues: the wires to the cell may develoghhresistance, e.g. due to

corrosion. Alternatively, parallel current pathsnche formed by ingress of
moisture. In both cases the signal develops ofisetess all wires are affected
equally) and accuracy is lost.

Electrical damage: the load cells can be damagednbtyced or conducted
current. Lightning hitting the construction, or anelding performed near the
cells, can overstress the fine resistors of thErsgauges and cause their damage
or destruction. For welding nearby, it is suggestedisconnect the load cell and
short all its pins to the ground, nearby the ceéli. High voltages can break
through the insulation between the substrate amdttiain gauges.

Nonlinearity: at the low end of their scale, thadacells tend to be nonlinear. This
becomes important for cells sensing very large eangr with large surplus of
load capability to withstand temporary overloadsloocks (e.g. the rope clamps).
More points may be needed for the calibration curve

The correct selection of a load cell for the apmlmn it is to be used in is a
critical factor to realise accuracy and reliabili§o what parameters need to be
considered when selecting a load cell

5.2.4. Strain Gauge

When external forces are applied to a stationajgabpstress and strain are the result.

Stress is defined as the object's internal registimces, and strain is defined as the

displacement and deformation that occur.

Strain may be compressive or tensile and is tylyicaéasured by strain gages.

It was Lord Kelvin who first reported in 1856 thatetallic conductors subjected to

mechanical strain exhibit a change in their eleatnesistance.

A strain gauge is a device used to measure defarmgstrain) of an object.

The most common type of strain gauge consists ohsulating flexible backing
which supports a metallic foil pattern.

The gauge is attached to the object by a suitalilesve.

As the object is deformed, the foil is deformedystag its electrical resistance to

change.
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Chapter.6
6.0 Torque Measurement

6.1. Torque Transduce

Torque is measured by either sensing the actudt dbeflection caused by a twisting
force, or by detecting the effects of this deflecti The surface of a shaft under torque

will experience compression and tension, as shown.

Compression 30 ft. Ib.
(Permeability Applied
Decreases)  Torque

3ft.

_ Shaft
Axis

Tension
(Permeability
Increases)

Figure 6.1: Torque measurement system.

To measure torque, strain gauge elements usuallgnaunted in pairs on the shaft,
one gauge measuring the increase in length, ther atkasuring the decrease in length in
the other direction. The torque sensor can be atedeo its power source and signal
conditioning electronics via a slip ring.

Another method is through induction coupling. Eatdn voltage for the strain
gauge is inductively coupled, and the strain gaoggput is converted to a modulated

pulse frequency. Maximum speed of such an arrangeisé5,000 rpm.
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STATIONARY PORTION Outp&tjm'm PORTION

Figure 6.2: Torque measurement using strain gauge.

6.1.2. Angular Displacement

Proximity and displacement sensors also can déteque by measuring the angular
displacement between a shaft's two ends. By fiximg identical toothed wheels to the
shaft at some distance apart, the angular dispkwcemaused by the torque can be

measured.

6.3. Measurement of Power

Measurement of torque is related to measurememteghanical power such as power to
drive a machine and power produced by a machingipBtent used to measure power is
dynamometer as shown in Figure 6.3. A dynamomstardevice used for measuring the
torque and brake power required to operate a dmnvachine. They are: Three is types of
dynamometer as follows:

e transmission dynamometer

e driving dynamometer

» absorption dynamometer
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DYNAMOMETER LENGINE UNDER TesT 5 TORQUE ARM
2 COUPLING 6HOUSING
CD 3 TACOMETER 7ROTOR
@ 4scaLes 8 TRUNNION

Figure 6.3: Electrical dynamometer setup showing engine, ®rqueasurement

arrangement and tachometer.

6.3.1. Transmission Dynamometer

A dynamometer is power measurement without beingodied or used up, during
transmission. The transmission dynamometer tragsthi force while measuring the
elastic twist of the output shaft as shown in Feg6r4. Also called torsion meter as it
measure the torque on a shaft, and hence the poveer of an engine, esp. of a marine
engine of high power, by measuring the amount adttef a given length of the shaft. A
dynamometer can also be used to determine thedand power required to operate a

driven machine such as a pump. In that case, nmgtari driving dynamometer is used.

) Strain
Strain gauges
gauges
Beam
Beam Input shaft |_Output shaft

Figure 6.4: Transmission Dynamometer
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Above figure shows the transmission dynamometerciwvtemploys beams and
strain gauges for a sensing torque. Transmissiorardgpmeters measure brake power
very accurately and are used where continuous riigs®n of the load is necessary.

These are mainly used in automatic units.

6.3.2. Absorption Dynamometer

Absorption Dynamometer consists of an absorptidh ptus a means to measure torque
and rotational speed. It has some type of rotanansing. The rotor is coupled to the
engine under test and is free to rotate. They masthsist of a set of strain-gauges fixed
on the rotating shaft and the torque is measurethéyangular deformation of the shaft
which is indicated as the strain gauge. A four &émdge is used to reduce the effect of
temperature, and the gauges are arranged in paits that the effect of axial or
transverse load on the strain gauges is avoided.

Some means is provided to develop a braking tobgieeen dynamometer's rotor
and housing. The means for developing torque can fribtional, hydraulic,
electromagnetic etc. according to the type of ghismn/driver unit. Three types of
absorption dynamometer:

1. Mechanical
2. Eddy Current
3. Hydraulic

Absorption dynamometers produce the torque thay theasure by creating a

constant restraint to the turning of a shaft biaesitmechanical friction and fluid friction,

or electromagnetic induction.

6.3.2.1. The Prony Brake

The Prony Brake is a simple device to measurediwué produced by an engine based
on mechanical friction. Prony brake develops meahrriction on the periphery of a

rotating pulley by means of brake blocks that ameiegzed against the wheel by
tightening the bolts. Essentially the measuremsniade by wrapping a cord or belt

around the output shaft of the engine and measuhagforce transferred to the belt
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through friction. The friction is increased by tighing the belt until the frequency of
rotation of the shaft is reduced. In practice memgine power can then be applied until
the limit of the engine is reached.

In its simplest form an engine is connected totatimg drum by means of an output
shaft. A friction band is wrapped around half thremd's circumference and each end
attached to a separate spring balance. A subdtpreidoad is then applied to the ends of
the band, so that each spring balance has an mmithidentical reading. When the engine
is running, the frictional force between the drundahe band will increase the force
reading on one balance and decrease it on the. dfther difference between the two

readings multiplied by the radius of the drivenrdris equal to the torque.

Torque arm
g ! g e B
— -

Brake
block : ‘%

Fly Wheel > /71
\:r/ / R
i Weight_»
=] t o W =

Figure 6.5: Prony Brake
BHP = Txw = Tx2nN (5.1)
But, T = mglL
BHP = mgLx2nN (5.2)

6.3.2.2. Rope Brake

The rope brake as shown in below figure is anodesice for measuring brake power of
an engine. It consists of some turns of rope waanodind the rotating drum attached to

the output shaft. One side of the rope is conneitedspring balance and the other side
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to a loading device. The power is absorbed initmcbetween the rope and the drum.

Therefore drum in rope brake requires cooling.

<— Spring balance
S
1
14 TR 1)

)
|

._._.t._

o2

Cooling water

Figure 6.6: Rope Brake

Rope brake dynamometers are cheap and can be wmadtrquickly but brake
power can’'t be measured accurately because of ehiantipe friction coefficient of the

rope with a change in temperature. The brake pagren by the formula

BHP =n DN (W — ) (5.3)
Where; D is the brake drum diametdd/ is the weight of the load anflis the spring

balance reading.

6.3.2.3. Eddy Current

The working principle of eddy current dynamometershown in the figure below. It
consists of a stator on which are fitted some adetdgnets and a rotor disc made of
copper or steel and coupled to the output shatte@engine. When the rotor rotates, eddy
currents are produced in the stator due to magfieticset up by the passage of field
current in the electromagnets. These eddy curegstdissipated in producing heat so that
this type of dynamometer requires some coolingngement. The torque is measured
exactly as in other types of absorption dynamorsetieg., with the help of a moment
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arm. The load in internal combustion engine tesisngpntrolled by regulating the current

in the electromagnets.

Figure 6.7: Eddy Current Dynamometer

The following are the main advantages of eddy curdgnamometers:

1. High brake power per unit weight of dynamometer.

2. They offer the highest ratio of constant power sp@aage (up to 5:1).

3. Level of field excitation is below 1% of total pomeeing handled by the
dynamometer. Thus, they are easy to control anchtgpe

4. Development of eddy current is smooth hence thgutors also smooth and
continuous under all conditions.

5. Relatively higher torque under low-speed conditions

6. It has no intricate rotating parts except shafripga

7. No natural limit to size, either small or large.

6.3.2.4. Hydraulic

A hydraulic dynamometer as shown in the figure WelMorks on the principle of

dissipating the power in fluid friction rather themndry friction.
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Trunnion bearing

E Shaft bearing
l ] ‘ \, Main shaft
/ Pedestal
)
22, 3
Gap width J Torus flow

Figure 6.8: Hydraulic Dynamometer.

* In principle, hydraulic dynamometer constructiosiimilar to that of a fluid flywheel.

« Hydraulic dynamometer consists of an impeller aemrotating member coupled to
the output shaft of the engine.

* The impeller in this dynamometer rotates in a aasited with a fluid.

« Due to the centrifugal force developed in the oatsming, tends to revolve with the
impeller, but is resisted by a torque arm suppgrtite balance weight.

« The frictional forces generated between the impealtal the fluid are measured by the
spring balance fitted on the casing.

e The heat developed due to the dissipation of panvelydraulic dynamometer is
carried away by a continuous supply of the workingl.

» The output power can be controlled by regulatirggdiuice gates which can be
moved in and out to partially or wholly obstrucetthow of water between the casing

and the impeller.
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Chapter.7

€.0 Pressure Measurement

7.1. Pressure

Pressure is the amount of forde) @pplied perpendicular to the surface of an ohjpect
unit area 4). It exerts pressure on that surface equal todte of F to A, whereF is the

force and is the surface area The symbol for it is p or P.

E

Py

Figure 7.1: Force acting on area A

The formula for pressure (P) is

P = F/A. (7.1)

Where:p is the pressurd; is the magnitude of the normal force ahds the area of the
surface on contact. The principle Sl unit is calleeéascal (Pa), av¥/m?2. Other units
used:lbf/in?, kgf /cm?, tonf /in?, kp/lcm2, inH20, inHg, dyne/cm2, torr

Pressure is a scalar quantity. It relates the vextidace element (a vector normal
to the surface) with the normal force acting on The pressure is the scalar

proportionality constant that relates the two ndmegtors:

dF = —pdA = —pndA (7.2)
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The minus sign comes from the fact that the fosoeonsidered towards the surface
element, while the normal vector points outwarde Boguation has meaning in that, for
any surface S in contact with the fluid, the tdtate exerted by the fluid on that surface

is the surface integral over S of the right-hamt® ©if the above equation.

7.2. Units for Pressure

There are also two other specialized units of pmesmeasurement in the Sl system: the
bar, equal t010° Pa, and the torr, equal to 133 Pa. The torr, dii@vn as the
"millimeter of mercury, "is equal to the pressueguired to raise a column of mercury
(chemical symbol Hg) 1 mm. It is named for thei#alphysicist Evangelista Torricelli
(1608-1647), who invented the barometer.

Table 6.1: Units for pressure

T Pound-force

Pascal Bar atmosphere = Atmosphere Torr per'
square inch
(Pa) (bar) (at) (atm) {mmHg) .
(psi)
PL =1 Nfm? e 10.197x107% | 9.8692x107° | 7.5006x10"% | 145.04x107°
blr 100000 | =10° dynicm? 1.0197 0.98692 750.06 14.504
1at 980665 0.980665 = 1 kgffem? 0.96784 735.56 14.223
a:m 101 325 1.01325 1.0332 =1 atm 760 14.696
t:" 133322 | 1.3332x107% | 1.3595x107% | 1.3158x10° | =1 mmHg | 19.337x107°
pli 689476 | 68.948x107° | 70.307x107% | 68.046x1073 51.715 =1 |bffin?

7.2.1. Atmospheric Pressure

Atmospheric pressure is pressure caused by théhtveli@ir in the atmosphere of earth.
At sea level it has a mean value of one atmosplfietten) = 760 mm of mercury = 14.70
Ibs per square in. = 101.35 kPa = 100 kN/m2 = 1Rrassure reduces with increasing

altitude.
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7.2.2. Pressure Change

This plastic bottle was closed at approximately@0ltitude, then brought back to sea

level. As a result, air pressure crushes it.

Atmospheric Pressure vs. Altitude

i Atmospheric Pressure (kPa)
1107

1001
901
801
701
601
501
401
301
201
101

Computed for 15 deg. C and 0% humidity

Altitude (m)

” 2000 4000 6000 8000 10000

Figure 7.2: Pressure change with altitude

7.2.3. Vacuum

An outer-space in which there is no matter or iricwithe pressure is so low that any
particles in the space do not affect any procelssexy carried on there. It is a condition
well below normal atmospheric pressure. The mostripeperfect vacuum exists in

intergalactic space, where it is estimated thattlws average there is less than one

molecule per cubic meter

7.2.4. Absolute Pressure
Absolute pressure of a fluid is zero-referencedresga perfect vacuum

7.2.5. Gauge Pressure
Gauge pressure (e.g. as read by barometer) ieneksl against ambient air pressure, so

it is equal to absolute pressure minus atmosplpeessure.
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7.2.6. Differential Pressure

Differential pressure is the difference in pressugveen 2 points.

[1]
o | ‘ Gauge pressure at 1
> Local atm pressure ref.
% [ 2 |y Gauge pressure at 2
() 1 (suction or vacuum)
a Absolute Absolute
pressure at 1 pressure at 2
Absolute zero presure
Figure 7.3: Pressure diagram
7.3 Method to Measure

7.3.1. Elastic Deformation

Pressure creates force which in turn deforms thstielmaterial

7.3.1.1. Bourdon Tube

A Bourdon gauge uses a coiled tube which as itedpaue to pressure increase causes a
rotation of an arm connected to the tube.

Coiled tube made of copper

Mechanical movement linked by rack and pinion

Range = 100kN/m2 — 300MN/m2

7.3.1.2. Diaphragm (membrane) Based

LVDT = linear variable displacement transducerri@pcan be used instead of LVDT
and attached to forcé&) measuring device

p = kx/A (7.3)
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P
Diaph‘ragml Ext Diaphragm‘ _—
iaphragm
\ 7 Pext- Pref Pext pareg Pext- Pref
ok LU L
! Diaphragm PRef
| -
Pref
T € LVDT

TplcalDispheagm Prassurs GHgs LYDT-Based Diaphragm Pressure Gage

Figure 7.4: Diaphragm pressure gage

Diaphragm Shape
« flat for low pressure measurement or
e Corrugated for high pressure measurement

Material = Copper-beryllium

7.3.1.3. Bellows Based

Bellows is a one-piece, collapsible, seamless metahit that has deep folds formed
from very thin-walled tubing. As inlet pressuretk@ instrument varies, the bellows will
expand or contract. The moving end of the bellswsonnected to a mechanical linkage.
As the bellows and linkage assembly moves, eitheglectrical signal is generated or a
direct pressure indication is provided. For extrgmew pressure measurement (0.5—

75psig to a 1000psigmax) psig = pound per squategauge.

Input pressure

}

A
ANNNANN\\N

Figure 7.5: Bellows
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7.3.1.4. Aneroid Gauge

An enclosed and sealed bellows chamber is calledr@moid, which means "without
liquid". The important component is a sealed chamtmde of thin metal in semi vacuum
state. The chamber shrinks when atmospheric peedsgreases, and expands when

atmospheric pressure reduces.

Figure 7.6: Aneroid (jj—éue

7.3.2. Liquid Column

Liquid column gauges consist of a vertical coluniniguid in a tube whose ends are
exposed to different pressures. The column wile rx fall until its weight is in

equilibrium with the pressure differential betweba two ends of the tube.

1 '

Figure 7.7: Liquid column gauge
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7.3.2.1. Hydrostatic Pressure
Pressure at a given depth in a static liquid ssalt the weight of the liquid acting on a

unit area at that depth plus any pressure acting®surface of the liquid
P = Patm + pgh (7.4)
Pressure due to liquid alone (i.e. the gauge prepatia given depth depends only upon

the density of liquigp and the distance below surface of the liquid, h
(7.5)

p = pgh

7.3.2.1.1. U-tube Manometer

)
W)

Figure 7.8: U-tube Manometer
Equating the pressure at the level X' (pressutbeesame level in a continuous body of

fluid is equal)
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LHS; P, = P, + pg(a+h)

RHS;P, = P, + pga + pngh
SinceP, = P,

P, + pgla+h) =P, + pga + pr,gh

Py — P, = (o — p)gh (7.6)

7.3.2.1.2. Well-Type Manometer

{

e e R

v

Rese
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3 PRESSURE

l

OC=NOUbOO®

Figure 7.9: Well-Type Manometer

LHS: P, — pgh,,
RHS:P, — pgh,.
LHS = RHS

P, —pgh,, = P, — pgh,

P, —P, = pgh,, — pgh,

By constant volumey,, A, = h.A. = h,/h, = A./Ay,

Thereforep, — p, = pgh. (1 + A./Ay)

p1— p2 = pgh. when4,, > A, (7.7)

7.3.2.1.3. Inclined Manometer

PRESSURE

The inclined version is used for better sensitivifieasuring range = 0.1bar — 30mbar.
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Py diameter d

diameter D

-~

Figure 7.10:Inclined Manometer

p1+ P2 = pgz; = pgxsinb (7.8)

7.3.2.1.4. Piezometer

The pressure at any point in the liquid is indiddbg the height of the liquid in the tube
above that point

Figure 7.11:Piezometer

Pressure at A = pressure due to column of liqualalA
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Pressure at B = pressure due to column of liquavets

7.3.2.1.5. Mercury Barometer

A barometer is an instrument used to measure atmeosppressure. A standard mercury
barometer has a glass column of about 30 inchesi{atb cm) in height, closed at one
end, with an open mercury-filled reservoir at tlasda

Mercury in the tube adjusts until the weight of thercury column balances the
atmospheric force exerted on the reservoir. Highoapheric pressure places more force
on the reservoir, forcing mercury higher in theucoh. Low pressure allows the mercury
to drop to a lower level in the column by loweriihg force placed on the reservoir

‘\_/2

Figure 7.12:Mercury Barometer

7.3.2.1.6. Manometer Liquid Selection

Low viscosity
Low coefficient of expansion
Low vapor pressure

Low cohesiveness

ok~ 0N PR

Non corrosive

7.3.2.1.7. Manometer Liquid in Use

1. Mercury
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Water
Kerosene
Alcohol
Ethyl

Benzene

o g bk~ w N
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Chapter.8

8.0 Temperature Measurement

8.1. Temperature

Temperature is a physical quantity related to heaich is expressing hot and cold.
Temperature is measured with a thermometer usiegctincept of heat equilibrium,
historically calibrated in various temperature esand units of measurement. The most
commonly used scales are the Celsius scale, denatetC (informally, degrees
centigrade), the Fahrenheit scale (°F), and theiKealcale. The kelvin (K) is the unit of
temperature in the International System of Unit§, (8 which temperature is one of the
seven fundamental base quantities. There are 6 tfpsquipment:

Thermocouples

Resistive temperature devices (RTDs) and thernsistor

Infrared radiators

Bimetallic devices

Liquid expansion devices

o a0k 0w N PF

Change-of-state devices

8.1.1. Temperature Scale

The 2 scales commonly in use today dated back fitmneighteenth century and are
named after Gabriel Daniel Fahrenheit and the Sshedistronomy professor Anders
Celsius. Fahrenheit designed his scale to havedfeoence points that could be set up in
his workshop. He originally chose the melting pahipure ice and the temperature of a
normal human body, which he took as being 32° &id&spectively.

8.1.1.1. Fahrenheit

These conveniently gave positive values for alltdmeperatures he encountered. Later he
changed to using the boiling point of water (21&3he upper fixed point of the scale
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8.1.1.2. Celsius

Celsius also used the ice and steam points, b tkem to be 0 °C and 100 °C
respectively. Although the Celsius scale has tgkecedence over the Fahrenheit scale,
the latter is still familiar in weather reports ithe United Kingdom: a summer’s day

temperature of 75 °F seems much more pleasanbtianf 24 °C
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Figure 8.1: Comparison of the Celsius and Fahrenheit scales
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8.1.1.3. Kelvin

A third, fundamental, temperature scale was prapasel854 by the Scottish physicist
William Thomson, Lord Kelvin. It is based on thee&of the absolute zero, the point of
no discernible energy, which is independent of paxticular material substance. The
Kelvin scale is widely used by physicists and eagms to determine and apply
fundamental laws of thermodynamics. The internaiidemperature scale of 1990 (ITS-
90) Since 1954, the unit of (thermodynamics) terapege has been defined as kelvin and
is the fraction of 1/273.16 of the thermodynamasperature of the triple point of water.
This is the unique temperature and pressure, wBiphases of water (solid, liquid and
vapor) co-exist in equilibrium. It is fractionalllsigher than the melting point, being
0.01°C or 273.16K. From this single point, it isspible to generate a thermodynamics
temperature scale using gas thermometers and icadtaermometers, which accurately

obey known law.

8.2. Temperature Measurement

A thermometer is a device that measures temperatur@ temperature gradient.
Thermometers are widely used in industry to monpoocesses, in meteorology, in
medicine, and in scientific research. A thermombgss two important elements:

1. A temperature sensor (e.g. the bulb of a mercwglass thermometer or the digital
sensor in an infrared thermometer) in which somangk occurs with a change in
temperature, and

2. Some means of converting this change into a nualevadue (e.g. the visible scale
that is marked on a mercury-in-glass thermometénedigital readout on an infrared

model).

8.2.1. Thermocouple

Thermocouple consists of two strips of wires mafiditferent metals and joined at one
end. Changes in the temperature at that junctuhecan a change in electromotive force
(emf) between the other ends. As temperature goes hip, dutput emf of the
thermocouple rises, though not necessarily lineditermocouples are the most common
sensors in industry. They have a long history,ahginal paper on thermoelectricity by

Seebeck being publish in 1822. The thermocouplesistsn of 2 dissimilar metallic
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conductor joined at the point of measurement. Wthernconductors are heated, a voltage
Is generated in the circuit and this can be usetktermine the temperature.

The standard configuration for thermocouple usagghown in the figure. Briefly,
the desired temperatufg,,. is obtained using three inputs—the characterfstiction
E(T) of the thermocouple, the measured voltay@, @nd the reference junctions'
temperaturd’,..;. The solution to the equatidi(Tsens.) = V + E(Tyr) yields Tsense.
These details are often hidden from the user dimeeeference junction block (with. s

thermometer), voltmeter, and equation solver arelioned into a single product

| |
chromel 1 “rf ' copper | Timeter :
| n— — | |
| Tsense ' | : | :
|
: .\ : | : |
— ] |
| . |
alumel | copper |
| Zref ! |

Figure 8.2: K-type thermocouple in the standard thermocoupleasurement

configuration.

8.2.2. Resistance Temperature Devices

Resistance thermometers also called Resistive Tetype Devices (RTD) are sensors
used to measure temperature by capitalizing onfabethat electrical resistance of a
material changes as its temperature changes. Hnerevo types which is the metallic
devices and thermistors. As their name indicatdd$Rrely on resistance change in a
metal, with the resistance rising more or lessdihewith temperature. Thermistors are
based on resistance change in a ceramic semicamgregistance drops nonlinearly with
temperature rise.

In the modern world, mercury and spirit-filled thrermeters have largely given
way to electrical devices, which can be digitized automated. The RTD wire is a pure
material, typically platinum, nickel, or copper.aBhum resistance thermometers are
electrical thermometers, which make use of theatian of resistance of high-purity
platinum wire with temperature. This variation igegictable, enabling accurate

measurements to be performed. They are sensitigewattn sophisticated equipment,
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measurements can routinely be made to be betterathousand part of 1°C. The three

main categories of RTD sensors are thin-film, wi@ind, and coiled elements.

&M =

Thin-film PRT Wire-wound PRT Coil-element PRT
Figure 8.3: Three types of RTD sensors.

8.2.3. Infrared Temperature Devices

An infrared thermometer is a thermometer whichrimtemperature from a portion of the
thermal radiation sometimes called blackbody ramiaemitted by the object being
measured. Infrared sensors are non-contacting ekewvictemperature guns to describe the
device's ability to measure temperature from aadi. They infer temperature by

measuring the thermal radiation emitted by a maiteri

Figure 8.4: An infrared thermometer.

* Pyrometer or radiation thermometers make use offabethat all objects emit
thermal radiation, as seen when looking at the bamn electric lamp or light
bulb.

* The amount of radiation emitted can be measuredelated to temperature using

the Planck law of radiation.
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» Temperature can be measured remotely using thimitpee, with the sensor
situated some distance away from the object.
« Hence it is useful for objects that are very hotpving or in hazardous

environments.

8.2.4. Bimetallic Devices

A bimetallic strip is used to convert a temperattiange into mechanical displacement.
The strip consists of two strips of different mstalhich expand at different rates as they
are heated, usually steel and copper, or in somescsteel and brass. Bimetallic devices
take advantage of the difference in rate of therexglansion between different metals.
Strips of two metals are bonded together. Wheneldeaine side will expand more than

the other, and the resulting bending is translattxa temperature reading by mechanical
linkage to a pointer. Figure 7.4 shows a diagrana dimetallic strip showing how the

difference in thermal expansion in the two metalads to a much larger sideways

displacement of the strip.

M increase o —J

temperature

fixed connection

Figure 8.5: Bimetallic strip.

8.2.5. Fluid Expansion Devices

Fluid-expansion devices, typified by the househblermometer, generally come in two
main classifications: mercury type and organiciligilype. Versions employing gas
instead of liquid are also available. Mercury is\@idered an environmental hazard, so
there are regulations governing the shipment ofcgsvthat contain it. Fluid-expansion
sensors do not require electric power, do not pagdosion hazards, and are stable even
after repeated cycling. On the other hand, thegataggenerate data that is easily recorded
or transmitted, and they cannot make spot or pogdsurements.
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Figure 8.6: Mercury thermometer.

8.2.6. Change-of-State Temperature

Change-of-state temperature sensors measure aecimaagnaterial’s state brought on by
a temperature change. Change-of-state temperatunsors consist of labels, pellets,
crayons, lacquers or liquid crystals whose appearahanges once a certain temperature
is reached. They are used, for instance, with stieaps - when a trap exceeds a certain
temperature, a white dot on a sensor label attatthéoke trap will turn black. Response
time typically slow, so these devices often do megpond to transient temperature
changes. And accuracy is lower than with othergygfesensors. Furthermore, the change
in state is irreversible, except in the case dfitiecrystal displays. Even so, change-of-
state sensors can be handy when one needs comdinntzét the temperature of a piece of
equipment or a material has not exceeded a cdduael, for instance for technical or

legal reasons during product shipment.
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Figure 8.7: Change-of-state temperature sensors.

8.2.7. Silicon Diode

The silicon diode sensor is a device that has degaloped specifically for the cryogenic
temperature range. Essentially, they are lineaicdewvhere the conductivity of the diode
increases linearly in the low cryogenic regionse Tdonductivity of a silicon diode

increases linearly in the low cryogenic regions

Figure 8.8: Silicon diode temperature.
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8.3. Exercise

1.

Which of the following pairs of

temperatures measuring devices

work by basically the same

principle?

A. Thermocouple and RTD

B. Bimetallic strip and thermistor

C. Infrared pyrometer and
thermocouple

D. Thermistor and RTD

What is the current international
temperature scale of 1990 (the ITS-
90)?

A. Kelvin

B. Fahrenheit

C. Celsius

D. Rankine

Which of the following isSWRONG

about temperature?

A. Temperature is related to heat

B. Measuring temperature means
measuring heat

C. Temperature is fixed and do not
move

D. Heat is measure using
concept of heat equilibrium

the

Which of the following iSNOT the
equipment to measure the
temperature?

A. Bimetallic devices

B. Liquid expansion devices

C. Infrared resistance

D. Change of state devices

The following are related to the
thermocoupl&EXCEPT

Consists of three strips of wires
Wire made of different metals
Wires joined at one end

Changes in the temperature will
induces a change in electric force

oOow>

6.

> ©

C.

D.

Which of the following is NOT

related to the infrared temperature

device?

A. Infrared sensor are contacting
devices

B. Infer temperature by measuring
the thermal radiation

C. Useful for objects that are very
hot moving

D. Temperature can be measured
remotely

What is the measureable property
that changers with temperature in a
thermocouple?

A. expansion

B. electrical resistance

C. thermal radiation

D. voltage

Which contact type thermometer has
a temperature range of -Z&D to
2000C?

A. Radiation thermometer

B. Liquid-in-glass thermometer

C. electrical resistance thermometer
D. Thermocouple thermometer.

The Celsius unit is based on;

The interval of 108C between the

triple point of water and the boiling
point of water at the atmospheric
pressure.

The interval of 108C between the

melting point of ice and boiling point
of water at the water vapour pressure
The difference between ambient
temperature and the boiling point of
water at the one atmospheric
pressure.

The interval of 108C between the

melting point of ice and the boiling
point of water at one atmospheric
pressure
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10. All of the following are related to the C. Thermal expansion between
bimetallic deviceEXCEPT different metal
A. Take advantage of the different D. When heated, one side of the
in rate of thermal expansion strip will expand more than the
B. Strips of three metals are other

bounded together
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Chapter.9

9.0 Experimental Uncertainties

9.1. Introduction

In statistics, propagation of uncertainty (errarxhe effect of variables' uncertainties on
the uncertainty of a function based on them. WHes variables are the values of
experimental measurements they have uncertainiesadmeasurement limitations (e.qg.,
instrument precision) which propagate to the comtoom of variables in the function.

The knowledge we have of the physical world is migtd by doing experiments and
making measurements. It is important to understewd to express such data and how to
analyze and draw meaningful conclusions from itisltcrucial to understand that all
measurements of physical quantities are subjeantertainties. In order to draw valid
conclusions, the uncertainties must be indicateddsalt with properly.

9.2. Uncertainty of Measurement

Many instrumental, physical and human limitatioasise measurements to deviate from
the true values of the quantities being measurednsasurement is perfectly accurate or
exact. We can reduce the deviations but regardiésthe gap between advanced
instrument or simple instrument or different tecju@s of measurement, we can never
hope to measure true values. These deviationsadlezl @xperimental uncertainties, but
more commonly the shorter word error is used. Redid measurement cannot consist of
the measured value alone. An indication of how eateuthe result is must be included.
The result of any physical measurement has twanéakeomponents:

1. A numerical value (in a specified system of ungfising the best estimate

possible of the quantity measured, and

2. The degree of uncertainty associated with thisreged value.
For example, a measurement of the width of a tabléld yield a result such as 95.3 +/-
0.1 cm.
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9.2.1. Importance of Estimation Uncertainty

When we specify the error in a quantity or resu#, are giving an estimate of how much
that measurement is likely to deviate from the trakie of the quantity. This estimate is
far more than a guess. It is based on a physieysis of the measurement process and a
mathematical analysis of the equations which afiplyre instruments and to the physical
process being studied. A measurement or experitne#alt is of little use if nothing is
known about the probable size of its error. We kmathing about the reliability of a
result unless we can estimate the probable sizésedrrors and uncertainties in the data
which were used to obtain that result. That is wihg important for students to learn

* how to determine quantitative estimates of the neadind size of experimental

errors

» to predict how these errors affect the reliabitifythe final result

9.2.2. Relative and Absolute Uncertainty

The uncertainty u can be expressed in a numberagswit may be defined by the
absolute error4x). Uncertainties can also be defined by the redatvror fx/x) is
called the relative error or fractional uncertajiich is usually written as a percentage.
Most commonly, the uncertainty on a quantity is rgifeed in terms of the standard
deviation ¢), the positive square root of varianeg).

The quantity z is called the absolute error. Thee/@f a quantity and its error are
then expressed as an interval+ u. If the statistical probability distribution of ¢h
variable is known or can be assumed, it is possttéerive confidence limits to describe

the region within which the true value of the vateamay be found.

9.3. Classification of Uncertainty

9.3.1. Systematic Uncertainty
» Systematic means that when the measurement ofraityua repeated several

times, the error has the same size and algebgndaei every measurement.
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» Systematic errors tend to shift all measuremengsapstematic way so their mean

value is displaced

e Systematic errors are usually caused by the foligviactors:

1. Calibration error

2. Certain consistently recurring human error
3. Certain error caused by defective equipment
4. External effect (Loading error)

5. Limitation of system resolution

9.3.1.1. Calibration Uncertainty

Calibration error occurs when an instrument’s sd¢we not been adjusted to read the
measured value properly. Zero-offset error is cdwadlereading to be offset by a constant
amount. If a scale give a measurement of 100g witlaad (zero error), then 100g must
be minus from every reading. Scale error is anrenréhe slope of the output relative to
the input which causes all readings to error bixedf percentage. When an instrument is
calibrated, it is done in a specific room with stard/specific environment. But when the

instrument used in different environment, a corogctnust be made on the reading.

Actual response

Output, Xmeasured

Ideal response

Input, Xy e

Xoffsel{
Figure 9.1: Calibration Error
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For ideal responses,casurea = Xerue- Actual response may include zero-offset error
(xoffset) and scale erroi(# 1) SO thatxyeqsurea = BXtrue + Xoffser- Calibration
procedures normally attempt to identify and elinenthese error by comparing with a
standard.

Standards themselves also have uncertainties

The impreciseness of any calibration procedureajuees that some calibration-

related bias error is present in all measuringesyst

9.3.1.2. Certain consistently recurring human error

May well be systematic error
When an individual consistently tend to read high

o Eg. reading a scale incorrectly (parallax effect)

9.3.1.3. Defective Equipment

Built-in errors resulting from incorrect design/fagation or maintenance
o Defective mechanical/electrical component
o Incorrect scale graduations

These type of errors are often consistent in sighraagnitude

Sometimes can be corrected by calibration

9.3.1.4. External Factor

Refer to the influence of the measurement proceduithe system being tested
0 The sound-pressure level sensed by a micropham ihe same as the
sound-pressure level that would exist at that lonat the microphone
were not present.
Minimizing the influence of the measuring instrurhen a measured variable is a

major objective in designing any experiment

9.3.1.5. Resolution
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9.3.2. Random Uncertainty

Random errors are present in all experimental nieasents.
The name “random" indicates that there's no waletermine the size or sign of
the error in any individual measurement.
Random errors cause a measuring process to gieeedtif values when that
measurement is repeated many times (assuminghall conditions are held
constant to the best of the experimenter's ahility)
Error caused by disturbances to the equipment

o0 Temperature variations

0 Mechanical vibration

o Noises
Error caused by fluctuating experimental condition

o0 Temperature/pressure variation
Error derived from insufficient measuring-systemsgvity
The effect of random errors can be reduced by tplepeated measurements,
then calculating their average.
The average is generally considered to be a "Betpresentation of the "true
value" than any single measurement, because @fpissitive and negative sign
tend to compensate each other in the averaginggsoc

9.3.3. lllegitimate Uncertainty

Errors that would not be expected
Blunders and outright mistake during an experiment
0 Misunderstanding what you are doing
o Elbowing your lab partner's measuring apparatus
o Failure to turn on the instrument
Computational error after an experiment
0 using an incorrect value of a constant in the aqoat
0 using the wrong units
0 Miscalculating during data reduction
Can be eliminated through exercise of care or repef the measurement
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9.3.4. Propagation of uncertainty

Often several quantities are measured, and thétsesfuhose measurements are used to
calculate a desired result. Each measurement iesliwbme uncertainty, and these

uncertainties will create an uncertainty in thecakdted result.

9.3.4.1. Uncertainty in a single measurement

In general, the uncertainty in a single measurerfremt a single instrument is half the

least count of the instrument.

Example 1:

Koto measures his weight as closest to the 142g¢ouwrk. He knows his weight must
be larger than 141.5 pounds (or else it would losesl to the 141-pound mark), but
smaller than 142.5 pounds. So Koto's weight mustdight = 142 +/— 0.5 pounds

What is the fractional uncertainty in Koto’s weight

uncertainty in weight _ 0.5 pounds

fractional uncertainty = = 0.0035

value for weight T 142 pounds

What is the uncertainty in Bob's weight, expresa®d percentage of his weight?

uncertainty in weight 0.5 pounds

100% =

value for weight 142 pounds

100% = 0.35%

percentage uncertainty =

9.3.4.2. Addition and Subtraction:

When one adds or subtracts several measuremesethieéogone simply adds together the
uncertainties to find the uncertainty in the surne Bddition and subtraction uncertainties

are written as

Zz=x+y,zZ=x-Y (9.1)

o Derivation: We will assume that the uncertaintiesarranged so as to makeas far
from its true value as possible. The average dewigican be written as
Az = |Ax| + |4y]|, for both cases
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o With more than 2 numbers added or subtracted wentento add the uncertainties.

Using simpler average errors, the average devigtian be written as

Az = |Ax | + |Ay |+ | Aw | + -+

Using standard deviations, the average deviatiande written as

Az = \[(4x)? + (Ay)? + (Aw)? + -+

Example 1:
x = (20 £ 0.2),y = (3.0 £ 0.6) andw = (4.50 + 0.02). Find z and its
uncertainty when, z=x +y —w.

Answer

z=x+y—-—w=20+ 30-45 =05
Using standard deviations errors:
Az = Ax + Ay + Aw = 0.2 + 0.6 + 0.02 = 0.82 rounding t00.8,

z = (0.5 + 0.8)

Using standard deviations errors:

Az = J(O.Z)Z + (0.6)% + (0.02)? = 0.633, roundingto 0.6 ca = (0.5 +
0.6)

Example 2:
The radius of a circlerf is (3.0 + 0.2) cm. Calculate the circumference and its
uncertainty.

Answer

CircumferenceC = 2nmr = 18.849.. = 18.8cm

AC = 2mAr = 1.257 cm (The factors of 2 andare exact)

C = (188 + 1.3) cm

Example 3:
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If x = (2.0 £ 0.2) cm,y = (3.0 £ 0.6) cm. Calculate = x — 2y and its
uncertainty.

Answer

z=x—2y =20 - 23.0) = —40cm

Using simpler average errors:
Az = Ax + 24y =02 + 1.2 = 14cm

z = (—4.0 £ 1.4) cm.

Using standard deviations errors:

Az = ,/(0.2)2 +2(0.6)2 = 0.8718
z = (—4.0 £ 0.9) cm

9.3.4.3. Multiplication and Division

The multiplication and division uncertainties aretign as
zZ =xy,z=x/y (9.2)

Derivation:

z+ Az = (x + Ax)(y + Ay)

Z+ A4z = xy + xAy + yAx + Ax Ay

The last term is much smaller and can be neglected.

Since,z = xy,4z = y Ax + x Ay, Using simpler average errors

x y

Using standard deviations, the average deviatiange written as

2= )+ () + () +-
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Example 1:
Length ) of a box is(4.52 + 0.02) mm, and width¥) is (2.0 £ 0.2) mm.
Calculate the area) and uncertainty of the box.

Answer

z = xy = (4.52) (2.0) = 9.04 which we round to 9.0

Using simpler average errors:
4z = z(Z+%2) = 9.0(35 +52) = 0.9396, which can be rounded t0 0.9,
x y 4.52 2.0

z = (9.0 £ 0.9) mm?

Using standard deviations errors:

Az = \/(&)2 +(E)2 =0.905, z = (9.0 + 0.9) mm?

4.52 2.0

Example 2:
If x = (2.0 £ 0.2) cmandy = (3.0 + 0.6) sec, calculate = x/y.
Answer

z = 2.0/3.0 = 0.6667 cm/s.

Sodz = (0.3) (0.6667) cm/sec = 0.2 cm/sec
z = (0.7 + 0.2) cm/sec

Using standard deviations errors:

z = (0.7 + 0.2) cm/sec

9.3.4.4. Products of powers

The Products of powers uncertainties are written as
(9.3)

Using simpler average errors

Z=mZ+ |2+
z x y

Using standard deviations
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1o = (B

Example 1:
w = (450 + 0.02)cm,A = (2.0 + 0.2),y = (3.0 £ 0.6) cm, calculatez =
wy? /NA

Answer

5.63.02
V2.0
Az 0.02

=202 4 906 4 5522 _ 049
28.638 4.5 3.0 2.0

Az = (0.49) (28.638) = 14.03
z=(28+14)

= 28.638 cm?

7 =

Exercise:
w = (452 + 0.02)cm,x = (2.0 £ 0.2) cm,y = (3.0 £ 0.6) cm. Calculate
z=wx +y2

9.3.4.5. Partial Derivatives

The general method of getting formulas for propagaterrors involves the total
differential of a function. Suppose that= f(w,x,y,...) where the variables w, X, v,

etc. must be independent variables. The total reiffial is then
— (9f of 28
dz = (L) dx + ( ay) dy + (55) aw (9.4)

Using simpler average errors

— |2£
AZ—ax

Ax + |z—£| Ay + |Z—£|AW + -

Using standard deviations

Az* = (g—i) Ax? + (Z—D Ay? + (Z_i)AWZ

Example 1:
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Consider S = xcos (q) forx = (2.0 £ 0.2)cmand q = (53 + 0.2)° =

(0.9250 £ 0.0035) rad. Calculate S and its uncertainty.

Answer

S = 2.0cmcos53° = 1.204 cm

dS = cosfdx — xsinf do

We take the absolute value of each term
AS = cos 8 Ax — xsin 8 Af

AS = c0s530.2 — 2sin530.0035 = 0.126

For standard deviation approach

AS = \/(cos 8 Ax)? + (—x sin§ AG)? = 0.120

S=(1.20 £ 0.13) cm (using average deviation approach) or

S=(1.20 £ 0.12) cm (using standard deviation approach.)

9.3.4.6. The uncertainty of a Slope on a Graph

If a graph has more than a few points as showrnguar€ 9.2, the uncertainty in the slope

can be calculated. The data points are shown byl diitlad, black circles; each datum

has error bars to indicate the uncertainty in @aelasurement. It appears that current is

measured to +/- 2.5 milliamps, and voltage to abgut0.1 volts. The hollow triangles

represent points used to calculate slopes.

150

140
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120

110
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Electric Potential (volts)
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Figure 9.2: Electrical potential versus current

1. Draw the "best" line through all the points, takimgo account the error bars.
Measure the slope of this line.

2. Draw the "min" line -- the one with as small a €ags you think reasonable (taking
into account error bars), while still doing a fab of representing all the data.
Measure the slope of this line.

3. Draw the "max" line -- the one with as large a sl@s you think reasonable (taking
into account error bars), while still doing a fgab of representing all the data.
Measure the slope of this line.

4. Calculate the uncertainty in the slope as one-tiathe difference between max and

min slopes.
It is founded
_ 147mA-107mA _ mA
besslope = — —— - =727"%/,
. _ 145mA-115mA _ mA
Minslope = ———————=545M4/,
__ 152mA-106 mA _ mA
Maxslope = —————~—=9.20™M4/,

Uncertainty in slope is 0.5 * (9.20 — 5.45) = 1.875 mA/V
There are at most two significant digits in thepglobased on the uncertainty.

slope = 73 +/— 1.9 mA/V
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Chapter.10

10.0 Experiment & Data Analysis

10.1. Experiment in Mechanical Engineering

Experimental data in science are data produced byeasurement, test method,
experimental design or quasi-experimental desigipeEmental data may be qualitative
or quantitative, each being appropriate for differewvestigations. The data from the
experiment when it wants to be shared or presewotether people must use a standard

measurement system such as dimension and unisteasily understood by everyone.

10.1.1. Dimensions

Any of a set of basic kinds of quantity, as masagth, and time, in terms of which all
other kinds of quantity can be expressed; usuadiwoted by capital letters, with
appropriate exponents, placed in brackets. Phypmameters are distinguished by their
dimensions, for instance:

o Distance is expressed in length (L).

0 Mass is expressed by M,

o TimebyT,

0 Temperature by

o Diameter of a pipe or cylinder by D
All above basic dimensions are called as Primafyunmdamental Dimensions.
Others dimension such as ardd {s expressed bgi.?), velocity (/) expressed byL/T),

and ForceK) expressed byML/T?) which are called Secondary Dimensions

10.1.2. Units

The magnitudes assigned to the dimensions aredaatigs.
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Table 10.1:Fundamental quantity and units

Quantity Unit Symbol

Length meter m
Mass kilogram kg
Time second S
Electric Current ampere A
Temperature Kelvin K
Luminous Intensity candela cd
Amount of Matter mole mole

Table 10.2:Engineering Units
Unit Symbol

Radian rad
Hertz Hz
Newton N
Pascal Pa
Coulomb C
Henry H
Hectare ha
Tonne t
Liter I
Volt

Y,

Ampere A

Farad F
J
w

Joule

Watt
Weber Wb
Degree o

Minute m
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10.1.3. Equilibrium of Static Force

When all the forces that act upon an object ararzad, then the object is said to be in a
state of equilibrium. The forces are consideretddalanced if the rightward forces are
balanced by the leftward forces and the upwardefrare balanced by the downward

forces as expressed below:
YF=0 (10.1)
Static means an object is stationary or at restodmon physics lab is to hang an

object by two or more strings and to measure theefothat are exerted at angles upon

the object to support its weight.

mg

Figure 10.1:Equilibrium of static force.

Using Figure 10.1, summation of forces must zewdhe total force on x-axis and

y-axis can be written as

T; cos6; =T, cos b,

_ cos 6,
T, =T, P (10.2)
T;sin@; + T, sin6, = mg (10.3)
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By substitution Eq.10.2 into Eq.q0.3, then the Bolucan be written as

cos 6,

T, [ sin 8; + sin 92] =mg (10.4)

cos 61

Example 1
Using figure below, calculate T1 and T2 when mg8 N

mg

By using eqs.10.2 ~ 10.4, th&nandT, can be calculate
Ticos45 =T, cos30 andT; = 1.2247 T,

1.2247 T, sin 45 + T, sin 30 = 100 then,T,(0.866025404 + 0.5) = 100

_ 100 _ 3 _

10.1.3.1. Experiment of Equilibrium of Static Force

Figure below shows experimental set up of equiiriof static force. In the experiment,

measure distance between the two pulleys (L).
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— —————

TIIIIIINE
T

Figure 10.2:Experimental set up ofgilibrium of static force.

Exercise.1

Complete the table below

Load (N) Load cell 1 Load cell 2 Angle (6,) Angle (6,) T, T,
(N) (N)
1 2.0 1.9 15 11
2 3.6 3.4 15 15
3 5.0 4.9 16 19
4 6.2 6.0 18 20
5 7.3 7.2 19 19
Exercise.2
Complete the table below
Load (N) Load cell 1 Load cell 2 Angle (8;) Angle (6,) T, T,
(N) (N)
1 1.9 1.7 15 5
2 3.4 3.1 25 10
3 4.8 4.3 25 10
4 6.0 5.3 27 10
5 7.3 6.3 30 10
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10.1.4. Elastic Modulus

10.1.4.1. Cantilever

A cantilever is a rigid structural element, suchaaseam or a plate, anchored at one end
to a support from which it protrudes. It is y ailaontal beam that is firm at only one end
while the other end is left free to carry some ieattloads. The beam's fixed end has a
reaction force and moment created by the load gainthe free end. The intention of
cantilever beam is to create a bending effect ttacelimit. Diving board at swimming
pool and cantilever bridge are a perfect examplecémtilever beam. Aircraft wing that
carries wind force is another good example foritardr beam.

Figure 10.3: Cantilever bridge.

The below figure depicts a cantilever beam fixed teertical plane.

Fixed P
end

Free end A

N

Figure 10.4: Cantilever beam.
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We can write the expressions for reactions, deflastand maximum moment for a

cantilever beam of length)(that is acted by various types of loads.

1. Pointload P (N) at free end.
Reaction force (N) at R, = P:
Maximum bending moment (Nm}, = —Pl

pl3

Maximum deflection/ displacement (Myqx = -

2
Slope at free end), = pL
2E1

2. Uniformly distributed load with magnitude P oveetbéntire beam length
Reaction force at A (NR4, = P

2
Maximum bending moment (Nm), = —%

pPl*

Maximum deflection/displacement (Myq, = _—

3
Slope at free endl = pL
6EI

Where: E is the elastic modulus andis second moment of inertia for beam's cross

. . . bt3
section which can be written as— .

Example 1

Using Figure 10.3, calculate | when width (b) andkness (t) of beam 13.2 mm and 4.4
mm, respectively and length is 130 mm

_13.24.43

I = =937E"11
12

Example 2

Using example 1, calculate E when deflection 0.16 amd load 0.981 N

__PI® _ 0.981x1303

T 381 3x0.16x9.37E-11 =4.79E+10
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10.1.4.2. Experimental Set up of Cantilever

Figure below shows experimental set up of cantileve

Figure 10.5: Experimental set up of cantilever.

Exercise.1
a) If steel beam has width (b) and thickness (t) @bd3.2 mm and 4.4 mm and
length is 130 mm, complete the table below
b) Plot graph between displacements versus load

Reading 1 Reading 2 Reading 3 Average
0.981 0.18 0.14 0.16
1.962 0.37 0.35 0.33
2.943 0.56 0.53 0.57
3.924 0.76 0.72 0.74
4.905 0.96 0.91 0.90

Ocean & Aerospace Research Institute, IndoneglaD|BExperiment & Data Analysi



Experimental Method for Mechanical Engineering

Exercise.2
a) If the aluminum beam has width (b) and thickne}o{tbeam 7.7 mm and 1.3
mm, respectively and load is 1 N, complete theetdiellow.

b) Plot graph between displacements veisus

Displacement (mm)

Length (m) Reading 1 Reading 2 Reading 3 Average E (N/m’)
0.130 0.56 0.54 0.54 0.547
0.150 0.74 0.73 0.75 0.740
0.170 1.08 1.05 1.04 1.057
0.190 1.33 1.35 1.36 1.347
0.210 1.81 1.81 1.83 1.817
0.230 2.38 2.35 2.35 2.360
0.250 2.74 2.72 2.75 2.737

10.1.4.3. Simply Supported Beam

Figure 10.4 shows a simply supported beam withrecentrated load at its center. We
need to determine the deflection under the load assumed that thtoading are all
symmetric about the center. That means the defleaturve of the beam as shown in

green.

na au®
feESssasssssssssssEssEssmEmmEmEnEntd

I
|

Figure 10.6: Simply supported beam.

Each of these conceptual cantilever beams is githel/2 and the upward loads at their

tips are equal to the reaction forces at the supparthe original problem, P/2. The
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maximum deflection/ displacement,(,,), at the center of the original beam is equal to

the tip deflection of either conceptual cantileasmwritten as below

5 = CF/pd® P
max T 3p; T 48EI

Example 1
If steel beam has width (b) and thickness (t) abel3.2 mm and 4.4 mm, respectively
and length is 500 mm, calculate E when deflectidi® @hm and load 0.981 N.

PI3> _ 0.981x500%

= 4851  48x016x937E-11 L70E +11

10.1.4.4. Experimental Set up of Simply Supported Beam

Figure below shows experimental set up of simpjypsuted beam.

Figure 10.7: Experimental set up of simply supported beam.

Ocean & Aerospace Research Institute, IndoneglaD|BExperiment & Data Analysi



Experimental Method for Mechanical Engineering

Exercise.1
If steel beam has width (b) and thickness (t) airbe/.7 mm and 1.3 mm, respectively

and length is 500 mm, complete the table below

Load (N) y (mm) y (m) E (N/m?)
0.981 0.460 0.0005
1.962 0.900 0.0009
2.943 1.350 0.0014
3.924 1.900 0.0019
4.905 2.400 0.0024
Exercise.2

a) If aluminum beam has width (b) and thickness (tbedm 13.2 mm and 4.4 mm,

respectively and length is 500 mm, complete thketablow

Load (N) y (mm) y (m) E (N/m?)
0.981 1.12 0.0011
1.962 2.29 0.0023
2.943 3.38 0.0034
3.924 4.53 0.0045
4.905 5.70 0.0057

b) If table below show calculated value, compare thaste modulus from

experiment with the calculated value

Material E (GPa) E (N/m2)  Area (m2) I (m4)

Steel Beam 207 2.07E+11 3.05E-05 2.60E-11
Aluminium Beam 69 6.90E+10 3.05E-05 2.60E-11
Square ABS plastic beam 2.8 2.80E+09 454E-05 5.10E-11
I-Shape ABS Plastic Beam 2.8 2.80E+09 454E-05 5.00E-11

10.3. Statistical Analysis

It's the science of collecting, exploring and prasey large amounts of data to discover

underlying patterns and trends. Traditional methiodstatistical analysis are used from

sampling data to interpreting results which havenbesed by scientists and engineers for

many years.

In a secondary analysis, the statistical analyshén examines the data to suggest

other questions and to help plan future experiméntengineering applications, the goal

is often to optimize a process or product, rathantto subject a scientific hypothesis to
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test of its predictive adequacy. The use of opti(palnear optimal) designs reduces the
cost of experimentation

» Manufacturers use statistics to weave quality beautiful fabrics, to bring lift to
the airline industry and to help guitarists makauigul music.

* Researchers keep children healthy by using stistianalyze data from the
production of viral vaccines, which ensures coesisy and safety.

» Communication companies use statistics to optimetevork resources, improve
service and reduce customer churn by gaining grestight into subscriber
requirements.

* Government agencies around the world rely on $izdifor a clear understanding
of their countries, their businesses and their [geop

* Quality control and process control use statisiga tool to manage conformance
to specifications of manufacturing processes aaut groducts.

» Reliability engineering which measures the abihifya system to perform for its
intended function (and time) and has tools for iowprg performance.

* Probabilistic design involving the use of probapiln product and system design

» System identification uses statistical methodsuitdbmathematical models of

dynamical systems from measured data

10.3.1. Median

The median is the value separating the higherdiafdata sample, a population, or a
probability distribution, from the lower half asasfin Figure 9.1. For example, in the data
set{1, 3, 3, 6, 7, 8, 9}, the median is 6. Fooatmuous probability distribution, the

median is the value such that a number is equéiylto fall above or below it.
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Figure 10.8: Geometric visualisation of the mode, median anc&aimmef an arbitrary

probability density function.

10.3.2. Mod
The mode of a set of data values is the valueappéars most often. It is the value x at
which its probability mass function takes its manimvalue as shown in Figure 9.1. The
mode is a way of expressing, in a (usually) simglenber, important information about a
random variable or a population.

For example, the mode of the sample [1, 3, 6, &, 6, 8, 11, 12, 17] is 6. Given
the list of data [1, 1, 2, 4, 4] the mode is notque, the dataset may be said to be
bimodal: 1 and 4, while a set with more than twale®may be described as multimodal.

10.3.3. Mean

The statistical mean refers to the mean or avethgeis used to derive the central
tendency of the data in question as shown in Figuie The mean is determined by
adding all the data points in a population and tdeding the total by the number of
points. The resulting number is known as the meathe average which can be written

as:

X =1 +x;+x3++x,)/n (10.1)
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10.3.4. Deviation

In mathematics and statistics, deviation is a meastidifference between the observed
value of a variable and some other value, oftem vasiable's mean. The sign of the
deviation (positive or negative), reports the dimt of that difference (the deviation is
positive when the observed value exceeds the refergalue). The magnitude of the

value indicates the size of the difference.
di = |x; x| (10.2)

Where;d; is the absolute deviation; is the data element ands the chosen measure of

central tendency of the data set—sometimes the nhedmost often the median.

10.3.5. Variance

In probability theory and statistics, the variamoenbines all the values in a data set to
produce a measure of spread. The variance is fhectation of the squared deviation of a
random variable from its mean. Informally, it me&suhow far a set of (random)

numbers are spread out from their average value. miban square of the difference
between the random variable and its mean is thenae or second central moment of the

distribution. The equation of variance is

o2 = 20 (10.3)

For example, for the numbers [1, 2, 3] the medhasd the variance is 0.667. [(1 - 2)2 +
(2-2)2+(3-2)2] +3=0.667

Calculating variance involves squaring deviatios,it does not have the same unit of
measurement as the original observations. For elearlgmgths measured in metres)(

have a variance measured in metres squanéjl (
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10.3.6. Standard deviation

Standard deviation is the measure of spread masmomly used in statistical practice
when the mean is used to calculate central tenddrmys, it measures spread around the

mean. The standard deviation is numerically equ#té square root of the variance:

o = /% (10.4)

Standard deviation is also influenced by outliane walue could contribute largely
to the results of the standard deviation. In theatse, the standard deviation is a good
indicator of the presence of outliers. This makesdard deviation a very useful measure
of spread for symmetrical distributions with nolars.

Standard deviation is also useful when comparimgsipread of two separate data
sets that have approximately the same mean. Tlee s#dtwith the smaller standard
deviation has a narrower spread of measuremenim@rhe mean and therefore usually
has comparatively fewer high or low values.

For example, for the numbers [1, 2, 3] the medhasd the variance is 0.667. [(1 -
2)2 +(2-2)2+(3-2)2] +3=0.667 and the S deviation is 0.8167. When using
standard deviation keep in mind the following pnties.

» Standard deviation is only used to measure spredgspersion around the mean
of a data set.

» Standard deviation is never negative.

» Standard deviation is sensitive to outliers. A Brautlier can raise the standard
deviation and in turn, distort the picture of sgkea

* For data with approximately the same mean, thetgrdlae spread, the greater the
standard deviation.

» If all values of a data set are the same, the atandeviation is zero (because each
value is equal to the mean).

When analysing normally distributed data, standkndation can be used in conjunction

with the mean in order to calculate data intervals.

Example 1 — Standard deviation
A hen lays eight eggs. Each egg was weighed amdded as follows:
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609,56(9,619,689,519,539,699,54¢

First, calculate the mean:

n 8

Now, find the standard deviation.

Table 1. Weight of eggs, in grams

Weight (x) (x - X) (x - X)2
60 1 1
56 -3 9
61 2 4
68 9 81
51 -8 64
53 -6 36
69 10 100
54 -5 25
472 320

Example 2 — Standard deviation calculated using aéquency table

Thirty farmers were asked how many farm workerg thiee during a typical harvest
season. Their responses were:
4,5,6,5,3,2,8,0,4,6,7,8,4,5,7,%,8,5,5,4,2,1,9,3,3,4,6,4

Workers (x) Tally Frequency (f) (xf) (x - X) (x - X)? (x - X)f
0 | 1 0 -5 25 25
1 | 1 1 -4 16 16
2 i 2 4 -3 9 18
3 i 3 9 -2 4 12
4 Hiri 6 24 -1 1

5 Hir 5 25 0 0 0
6 i 4 24 1 1

7 i 3 21 2 4 12
8 n 3 24 3 9 27
9 i 2 18 4 16 32

30 150 152
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To calculate the mean:

To calculate the standard deviation:

o

_ ’E(xi—x)zf _ ’E — 295
30

10.4. Graphic Analysis

Practically everything measurable may be presemtaghically.
Plotted on coordinate paper as points that reptesdumes of variables.
Line graph can show the relation between varialessing straight line, curve line
or both.
The most commonly used graph is the 2-D graph d@w8artesian coordinate (X,
y)-
Usually to investigate the relationship between pacameters on two different axis —
horizontal axis (abscissa) and vertical axis (catén
To make a graph effective, certain considerationstrhe observed:
1. Choosing the coordinate scales
0 The scale of the independent variables is usu#diygal along the x-axis
(horizontal).
2. Labelling the coordinate scales
3. Plotting the data
4. Fitting the curve to the plotted points
5. Labelling the curves
6. Preparing the title properly

When plotting on x-y graph,

» If yis a function of x, then y is plotted on vedl axis, and x is plotted on

horizontal axis
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e If parameter Q is influenced by changes in parantetéhen Q is plotted on

vertical axis, and P is plotted on horizontal axis

10.4.1. Graphx -y
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Y-axis (linear scale)
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v v

3 4 5 6 7 8 9 10 11
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N

Figure 10.9:An example of graph x-y

10.4.2. Semi Log

In science and engineering, a semi-log graph oi-Eegplot is a way of visualizing data
that are related according to an exponential wrahip. One axis is plotted on a
logarithmic scale. This kind of plotting methoduseful when one of the variables being
plotted covers a large range of values and therdthes only a restricted range — the
advantage being that it can bring out featurefiéndata that would not easily be seen if
both variables had been plotted linearly.
Semi log graph is used whenever:

Range of y value is too big, several magnitude tiplalpower of 10)
Exponential equation= ae?* , looks like a straight line when plotted on séwgigraph

= The basic equation js = ae®*

= |t can be written in log form

» logy = loga + bxloge = loga + 0.434294bx
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= |t can also be written in In form

» Iny = Ilna + bxlne = Ina + bx (becauselne = 1)

-

8 ¥ 8883888
]

-

U B UeuNaes

Strontium 90 (groms)

0 25 S 75 100 125 150 175 200
Time (ycars)

Figure 10.10:An example of Semi-log.

We can define a general equation for a straigktdin a graph as ;
ordinate = (slope x abscissa) + constant
We can define the exponential equation mentionéarbas
log y = ordinate
0.434294 b = slope
X = abscissa
log a = constant
Or, we can also define the exponential equationtioreed before as
In y = ordinate
b = slope

X = abscissa
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In a = constant

10.4.3. Log-Log

In science and engineering, a log—log graph orltagplot is a two-dimensional graph of
numerical data that uses logarithmic scales on llm¢hhorizontal and vertical axes.
Monomials — relationships of the form = ax? — appear as straight lines in a log—log
graph, with the power and constant term correspanth slope and intercept of the line,
and thus these graphs are very useful for recagnitiese relationships and estimating
parameters.

* Log-log graph has log coordinates along both axes.

e lItis aplotof log y versus log x .

e plotted as a straight line on a log-log paper

* Log-log graph does not have log 0 because logh@tisiefined

100
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f(x) = x
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/
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Figure 10.11:A log-log plot ofy = x (blue),y = x?2 (green), angy = x3 (red).
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» This type of graph is suitable for data that camdpeesented by power equation
y = ax?
* It can be written in log form
* logy = loga + blogx
* It can also be written in In form
e Iny =1Ina+blnx
We can define power equation mentioned before as
log y = ordinate
b = slope
log x = abscissa
log a = constant
We can define power equation mentioned before as
In y = ordinate
b = slope
In x = abscissa

In a = constant

Ocean & Aerospace Research Institute, Indone$leD|BExperiment & Data Analysi



Experimental Method for Mechanical Engineering

Chapter.11

11.0 Occupational Health and
Safety Act

11.1. Introduction

The Occupational Health and Safety Act (OHSA) mdmtion for workplace health and
safety. The main purpose of the Act is to proteatkers from health and safety hazards
on the job. It sets out duties for all workplacetiga and rights for workers. It establishes
procedures for dealing with workplace hazards amdiges for enforcement of the law
where compliance has not been achieved volunta@iSA applies to almost every
worker, supervisor, employer and workplace, inalgdiorkplace owners, constructors
and suppliers of equipment or materials to workgdacovered by the Act. There are
some definitions related to OHSA as follows:
1. Accidents:
Accidents is undesirable, unplanned, uncontrollad anexpected event thatn
cause injury to workers and damage to properties
2. Injury:
Injury is harmful condition sustained by the bodyaaresult of an accident
3. Fatal injury:
Fatal injury is death occurring up to a year adtecident
4. Major injury:
Major injury is type of harm which causes permar@rrolonged impairmerdf the
body

11.2. Hazard and Risk

A hazard is something that can cause harm, e.gtrieley, chemicals, working up a

ladder, noise, a keyboard, a bully at work, stres, The hazard presented by a substance
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is its potential to cause harm. Hazard is assatiatgh degrees of danger, and is
guantifiable.

A risk is the chance, high or low, that any hazaill actually cause somebody
harm. For example, working alone away from yourcefican be a hazard. The risk from
a substance (or machines, methods of work, or @gects of work organization) is the
likelihood that it will cause harm in the actualctimstance of use. Risk should be
thought of in terms of “chance-taking”. Link betweleazard and risk must be understood
— poor control can create substantial risk evemfeosubstance with low hazard, but with
proper control, the risk of being harmed by evenriost hazardous substance is greatly

reduced.

11.3. Preventing Industrial Accidents

It is important for all employees to be aware of thangers that may accompany their
work. And, of course, some jobs present more risles others. The concept of risk
assessment and risk management is essential fgréwention and control of risks to
occupational safety and health. Key aspects ofasdessment include ensuring that all
relevant risks are taken into account, checking dffeciency of the adopted safety
measures, documenting assessment results and mayi#he assessment regularly.

Japanese Central Council on Preventing Industregidents lists 7 leading unsafe
acts as

1. violation or neglect of rules and regulations

sloppy liaison procedures
mishandling and/or misjudgment by equipment opesato
carelessness

abuse or neglect of safety devices

o g bk~ w N

irrational behavior

7. unsafe job performance due to physical handicap
7 leading causes of accidents

1. physiological causes

2. psychological causes
3. management errors
4

. poor training
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5. unsafe equipment or work environment
6. insufficient skill

7. socio-cultural factors

Successful safety programs depend on:
» Leadership by the management
» Safe and healthy working conditions
» Safe work practices by employees
Management must:
* Be willing to accept the responsibility of occupaial safety and health as an
integral part of their jobs
» Establish safety policies
» Stimulate awareness of safety in others
» Show their own interests
Front line supervisor:
* Bears the greatest responsibility for implemensatgty and health programs
* Must be given appropriate training' support, aasis and authority
Key To Accident Prevention
» Determining The Cause
* Preventing recurrences
The Anatomy of an Accident
» Contributing Causes
* Immediate Causes
* The Accident
* The Results Of The Accidents

11.4. Contributing Causes of Accidents

The cause of an accident or incident has many &sp€auses are actions, omissions,
events, conditions, or a combination thereof, kisad to an accident or incident.
Examples:

a) Inadequate codes or standards

b) Failure by management to enforce safety rules
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c) Faulty design or lack of maintenance

d) Inadequate personal protective equipment
Strong management team and a cooperative safetglechimorkforce to control the
contributing factors.
Supervisory safety performance

a) safety instructions inadequate

b) safety rules not enforced

c) safety not planned into the job

d) infrequent employee safety contacts

e) hazards left uncorrected

f) safety devices and equipment not provided
Mental Condition of Worker

a) Lack of safety awareness and training

b) Lack of coordination

c) Improper attitude

d) Slow mental reaction

e) Inattention

f) Lack of emotional stability

g) Nervousness

h) Temperament
Physical condition of worker

a) Extreme fatigue

b) Deafness

c) C. Poor eyesight

d) Heart condition

e) High blood pressure

f) Lack of physical qualifications for the job

11.5. Immediate Causes of Accidents

Accidents arise from unsafe behavior and unsafelitons. An important factor is the
safety climate or safety culture of an organizati@afety culture concerns how
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workplace safety is managed which is consistingtleg shared attitudes, beliefs,

perceptions, and values among employees.

11.5.1. Unsafe Acts

a) Protective equipment or safety equipment providetidhot used

b) Hazardous method of handling materials (wrongniiftmethod, loose grip etc.)
c) Improper use of tools or equipment although prapeis were available

d) Hazardous movement (running, jumping, throwing,)etc

e) Horseplay

Any acts on the part of a person which will incee&ss or her chances of having an
accident. Many workers take unnecessary risks erah because they believe they
will not have an accident.
Negative reinforcement
E.g. Drivers who violate traffic rules

They have been 'rewarded' for unsafe driving beirami2 ways

1. They have achieved whatever their goal was

2. They have had no accidents and are thus still alive
The more reinforcement they have succeeded in eswremethods, the more
reinforcement they seem to have received.

To determine unsafe act:
a) What did someone do or fail to do
b) Was the injured employee following procedure
c) What specific task needed to be eliminated or ado@devent a recurrence?
Most commonly found unsafe acts:
1. Using broken or defective hand tools
2. Not wearing the prescribed personal protective mgent
3. Not following safety procedures or obeying the safales
4. Poor housekeeping practices on the part of the evaskound the work
place

5. Careless attitudes and ignorance
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Many unsafe acts occur because workers were ngegyotrained or motivated by
their supervisors-

Certain actions in some situations will increasandes of accidental injuries

11.5.2. Unsafe Conditions

a) Ineffective safety device

b) Safety device required but not provided

c) Poor housekeeping (material on floor, stacking,agfe, congestion on aisles)
d) Defective equipment, tools, machines and electsgsiems.

e) Improper dress or apparel for job

f) Improper or inadequate illumination, ventilation

Faulty equipment can also cause serious persopaleis, a common example
being accidents from faulty ladders. If the rubfemt are absent, the base of the

aluminum stile can slip suddenly on a hard floadt #re user fall.

Greatest contributors of unsafe conditions are dbBons of the employees
themselves
Unsafe condition:
1. Mechanical and physical condition of the equipm@mguarded moving
machine parts)
2. Condition of walking and working surfaces (defeetfloors and aisles)
3. lllumination, ventilation, sound, vibration, toxigmes,
Categories of unsafe conditions:
1. Action or inaction of the workers at the workplace
2. Deterioration of tools, machines and equipment @uaormal wear and
tear
Poor or inadequately designed tools, machines pathting equipment.
4. Omission of safety features during the engineeangaintenance of the

equipment.
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11.6. The Accident

Occupational accidents and diseases cause greaanhsoffering and loss and the
economic cost is also high. An accident at work @iscrete occurrence in the course of
work" leading to physical or mental occupationglig. According to the International
Labor Organization (ILO), more than 337 million aemts happen on the job each year,
resulting, together with occupational diseasesnore than 2.3 million deaths annually
[ILO]. There are several types of accidents a®adl:

a. Struck by

b. Struck against

c. Caught in, on or between

d. Fall from above

e. Electrical contact

f. Burn

11.6.1. Results of the Accidents

a. Annoyance

b. Production delays
c. Reduced quality
d. Spoilage

e. Minor injury

f. Disabling injury

g. Fatality

11.6.2. Accident Control Steps

Accident is an indicator that the management sysiemmot functioning accident
prevention program.
Control steps to be taken:
Supervisory Safety Performance

a. Job-hazard analysis

b. Enforcement of safety rules

c. Adequate safety knowledge

d. Promotion of employee participation in the safatygpam

e

. Proper job placement
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f. Development of safety working condition

Mental Working Condition of Worker

a.

-~ ® o o0 T

Daily safety contacts by the supervisor

Adequate safety indoctrination and on the job gafaining

Safety promotion and publicity

Regularly schedule safety meetings

Employee participation in the safety program

Adequate supervisor - employee communication omatters concerning

safety on the job

Physical Condition of The Worker

a.

b
c.
d.
e

. Recognition of physical limitations of workers ngvglaced on the job

Pre-placement physical examinations

. Periodic examinations

Proper job placements

Adequate medical systems
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Exercises

Test 1 2015, UTM

SECTION A (60% - 40 minutes)

1. An experiment has to be divided into various staggstematically. Which of the
following order of stages is correct,

i. Clearly stated the experiment objective

ii. Proper preparation and planning

iii. Repeatability and repetition of experiment
iv. Experiment and measurement execution
v. Data analysis & report writing

A. i, i, iv, vand iii
B. i, ii,iiiivand v

C. i, i, v, iii, and iv
D. i, i, iv,iiiand v

2. Which of the following is a correct sequence ofteois in a report?

i.  Appendices
ii.  Abstract
iii.  Theory
Iv.  Reference
A. iy iy i, iv
B. i, iii, iv, i
C. iii, i, i, iv
D. iii, iv, ii, i

3. The following reports are expected from engineestuglents EXCEPT,

A. Industrial report
B. Field report

C. Financial report
D. Laboratory report

4. There might be differences of aims between experismeonducted by a student
compared to an experience researcher. But, regard¢ who’s conducting the
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research thscientific methodised should be the same. Which senten®¢RONG in
describing this method?

Change only one variable at a time

Used a new experimental procedure only

Test the reliability of that experiment by yir@ that the result is repeatable
Test the experimental procedure to make susevalid and suitable

OCOow>»

5. Pilot experiments needed in certain cases. Below are some reagdamsving pilot
test. Which one islOT TRUE?

A. To make sure that suitable experimental methogpsied

B. To make sure that suitable apparatus is used

C. If pilot test is success then there is no needotottier experiment as the result is
already valid. This will cut cost and time

D. To choose the best within various available appartétat can be used

6. Choose thBEST combination that describes the log book.
i. As an important tool that help in report writing
ii.  Asthe main record for patent law

iii. To note down the processes activities remarks @sultrof experiment
iv.  As arecord of success or failure for any redearc

The best combination is,

A. i, &il
B. i,ii, &Iv
C. ii, i, & iv
D. All above.

7. The log book of engineering student must ineltite following.

I. Date and objectives of the experiment

il. Main apparatus to be used and set-up

iii. Table of results and remarks on error/ result gieexnent.
V. Literature review or any research from previousligtu

The best combination is,

A. i, i, &l
B. i,ii, &iv
C. ii, iii, & iv
D. All above.

8. The following should be included in the Comsatun section of a report EXCEPT,
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A.
B.

Figures and explanation of figures
Summary of the main points

C. The limitation and advantages of the findings

D.

The application of the results

9. In which section of the report the following mie can be found?

“Effect of particle angularity on frictional coeffents was investigated. The particles
used were silica sand and garnet with drag and stopde test using the spike
parameter quadratic fit (SPQ) method to characterithe particles angularity.
Results showed that particles angularity exhibited....”

A.

B.
C.
D

Abstract

Introduction
Theory
Discussion

10. The Abstract of the laboratory report shounldude all these elementxcept

A. Problem background
B. Report outline
C. Major conclusion

D.

Important results finding

11. To design and apply measurement systems, aetn® kinds of information;

oo

accepted methods specifying theaccuracyof any measurement system.
the different devices available for measuringcffevariables such as
temperature and pressure, so that we damose the most appropriadg@paratus
the material specification
the cost of material and equipment

i &ii
i &iii
| &IV
i & iv

12. Important section for those who must act efitdings, it may involve strategies to
solve the problem in the current work and furtherkato be completed;

A.
B.
C
D

Conclusions
References
Recommendations
Appendices
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13. Choose the right concept of mechanical measenebelow in order to minimize
errors in the experiment;

if several parameters need to be controllednthmber of influencing parameters

should be reduced.
the variable being measured is the only dependardhle during the

measurement.
measuring detector must not be sensitive enougtietect any changes in the

variable being measured
signal path of a measurement system must be sgriesthat effects of foreign or

external variables can be minimized

A i &
B. i, iii &iv
C. i, iii, &iv

14.

15.

D. i,ii, &iv

Which definition is not true;

A. Population: collection of raw data

B. True value: actual magnitude of measured entity

C. Resolution: the biggest scale readable from thépegent

D. True error: difference between the measured anttukevalue

Calibration procedures involve a comparisothefparticular instrument with either
of the two references;

i. aprimary standard
ii. asecondary standardith a higher accuracy than the instrument todd#ated

ili. an urknown inputsource
iv. a known output source

A T1&l
B. i &iii
C.ii&iv
D. ii &iii

16. Which of the following statements relateddocé measurement is not true?

A. The change in dimension and shape ofastie body is proportional to the

applied stress.
B. If the stress goes beyond the elastid bf a body, the body does not return to its

original state after the stress is removed.
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C. The Hooke’s law states that strain dondrelative change in dimension is
proportional to stress.

D. The Hooke’s law can be applied to the regioova the elastic limit of a body.
17. The order of hierarchy of standards are:

i. Primary standard
ii. Local standard
iii. National standard / mobile standard

iv. Work instrument / measurement system
Ayl i & iv
B. i, iii, i &iv
C. i, v, i &iiii
D. ii, i, iii & iv

18. Which of the following is not the function afvernier calipers?

A. To measure radius of the edges
B. To measure outside diameter
C. To measure inside diameter

D. To measure depth

19. Calibratiorcan be defined as an act of:

A. applying a known value to the input of a measumsgrument for the purpose of
observing the output.

B. optimizing output result from two experiments

C. finding the best accuracy of the equipment

D. averaging the error from an experiment.

20. Which of the following statements is not tratated to pressure measurement;

A. Absolute pressure is zero-referenced against agerdcuum, so it is equal to
gauge pressure minus atmospheric pressure

B. Gauge pressure is zero-referenced against amligeasure

C. Gauge pressure is equal to absolute pressure @imaspheric pressure.

D. Differential pressure is the difference in presswgveen two points.

21. Which of the parameters below are used inthodeof measurement:

I. Linear dimension

il. Mass, weight, force and torque
iii. Pressure and temperature

iv. Concept and design
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I, di

I, i, dii

Y

i, il iv

oowp

22. Which of the tools below are used to measoeat dimensions:

I. Ruler

ii. Caliper

lii. Screw gauges
iv. Dial gauges

A, i, i
B. i, ii, iv
C. i, iii, iv

D. All of the above

23. What is the reading shown by the vernier ealfigure 1?

A. 556.3mm
B. 55.65mm
C. 55.43mm
D. 554.35mm
55am 56 am 57am 58om

01234567890

Figure 1

24. What will be the precision of the scale showRigure 2?

45c¢cm  Main 46 cm 47 cm
Scale

IR
LT T LT T T T T T [

0 1 2 3 4 5 6 7 8 9 0
Vemier
Scale

Figure 2

+1mm
+0.01lmm
+0.05mm
+0.1mm

Cowp
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25. Which of the following mechanism are usedia pressure measurement
instruments?

i. By elastic deformation
ii. By plastic expansion
iii. By liquid column
iv. By strain measurement

i, ii, iii

i & il

ii, iii, iv

All of the above

oo

26. Which of the following is the unit for Force?

A. kg / (ms?)
B. kg / (ms)
C.kg.m/ (S)
D.kg / (m$)

27. In a manometer liquid selection, which is moetabout the selection criteria of the
liquid?

A. Low viscosity

B. Low coefficient of expansion
C. Low vapour pressure

D. Low corrosiveness

28. Aload cellis an electronic device (transducer) that:

i. convert force into electrical signal

il. use strain gauge to measure the force

iii. consist four strain gauges to convert strain ihdotecal signals
iv. convert electrical signal into pressure

A. i, dii, iv

B. ii&iv

C. i, ii, &iii

D. All of the above

29. Which of the following is not suitable to nsese power:

A. Transmission dynamometer
B. Prony brake

C. Tachometer

D. Hydraulic dynamometer

Ocean & Aerospace Research Institute, Indones’mﬂd‘ses



Experimental Method for Mechanical Engineering

30. Which of the below is the absorption type yi@mometer:

i. Mechanical
ii. Electrical
iii. Hydraulic
iv. Pneumatic

i, ii, iii

i, i, iv

ii, iii, iv

All of the above

oowp

Answer:

D,B,C,B,C DA AAB
A, C,D,C,A DB AAA
B,D,ACBCDC,CA

Test12017, UTM

SECTION A (60% - 40 minutes)

1. During an experiment, why there is a need to readotvn the details of the
equipment used?
A. To reduce errors
B. To ease the data analysis process
C. To avoid in term of changes in arrangement inetkgeriment
D. To be recorded into log book

2. Generally, scientific methods used to carry ouegperiment are as follows,
i. To change only one variable at one time
ii. To prove that certain experiment is acceptablerafiable
iii. To prove the repeatability of certain experiment
iv. To fix the total costing in an experiment

A, iy i, v B. i, ii, ii
C. ii, iii, iv D.iiand iv

3. What is the main focus of an engineer during aregrpent
A. To prove one theory or formula.
B. To collect a set of data that can be used at dmgr dime.
C. To obtain the differences between theory orfornwita the experiment result.
D. To obtain an accurate method for certain experimesults.

4. Select the correct phrase about log book in angares activities
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5.

6.

7.

8.

9.

Storage of latest information.
Space for data analysis.
Procedures in the application of pattern law.

Help in the preparation of report.
A iy il iv B. i, ii, iv
C. i, iii, iv D. ii, iii, iv
Relative accuracy can be defined as

A. (Measured value-True value) x 100
True Value
B. (True value - Measured value) x Error
C. (True value - Measured value)/
True value
D. (True value - Measured value) x 100
Measured value

Calibration process involves the comparison of oufpr an equipment or measuring
system with

A main standard (exactness).

Duplicate standard in which we are sure of havingetter accuracy than the
equipment to be calibrated.

A measuring system purchased recently.

A pre-determined value of input.

Measuring standard in a laboratory.

A. i, iii, v B.i,ii, iv
C. i, iii, iv D. none of the above.

The agency that offering the equipment calibratiervices in Malaysia is

A. FRIM
B. SIRIM
C. PORIM
D. IKIM

Below is the component in standard hierarchy EXCEPT

A. Duplicate standard

B. National standard

C. Localized standard

D. Measuring system standard

In order to design a measuring system, what aréntbg?) types of information that
we need to know?
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i.  Available measuring equipment in the lab that isdsd with high price.

ii. A widely accepted method to state the accurateifsgg@®mn in a measuring
system.

iii.  Making sure a measuring system is being testedtitieply before it is being
used.

iv.  Knowledge in organizing certain criteria to ease #guipment selection so to
carry out various measuring, such as temperatwegleration, pressure, and
electric current.

v. Development of advance equipment with the flowiroit

A, v B. iii, v
C.ii, iv D. None of the above

10.An engineering report could consist of the follogiitems as part of the report.
Which of the following items could be part of thegeneering report?

I.  Data analysis
ii. Testresult
iii.  Corporate logo
iv.  Recomrnendation

Ay B. i, ii, iii
C.iiv D. i, ii,iv

11. The main target group to whom an undergraduaterdatwy report will be read
is

A. Laboratory technician
B. Supervising lecturer
C. Fellow colleague

D. Dean of faculty

12. These items can be included in the introductiotideof a report EXCEPT

Background

Main theoretical derivation
Limitation of the report
Report's approach

OO >

13. What do the conclusion section of a
report should consist of?

A. A summary of the important findings that have bédentified and placed in
context.

B. A summary of results that have important valueth&oproject.

C. A summary of discussion based on the experimeesailt.

D. None of the above.
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14. Consider the layout of a complete report beM#hat is item f ?

. Title f.

. Abstract g. Discussion

. Preliminary pages h. Conclusion
. Introduction i. References

. Theory j. Appendices

DO O TD

. Project scope

. Limitation

. Experimental procedures
. None of the above

o0Ow>

15. The following statements about abstract am Except:

A. Also know as synopsis.

B. Often written last

C. Never appear in separate page.

D. All material in the abstract will also bethre report

6. Which is NOT experimental observation?

A. Test procedures.

B. Recorded data.

C. The difficulty in operating apparatus.
D. The uncertainty of measured data.

17.A conclusion may include

A. A clear and concise summary of the maimp
B. A reference to the original aims.

C. The application of the result.

D. All of the above.

18.The following statements are not true about repmmmendation EXCEPT

A. Student may include a brief persuasive statemerfbrdepresenting the
recommendation.

B. All reports must have recommendation.

C. Itis an optional section of the report to thodewnust act on the findings.
D. Cannot be worded in instructional language.

19. Which statement best describes the Figure 1.0?
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Figure 1.0

A. Accurate and precise.

B. Accurate but not precise.

C. Not accurate but precise.

D. Not accurate and not precise.

20.Which of the following is NOT adopted as internaabstandard?

A. 1/273.16 of thermodynamic triple point of water.

B. 1650 763.73 wavelengths of orange-red light echiftem a krypton-86 lamp.
C. Cessium-133 atom that undergoes 9192 631770 \obsati

D. Light that travels in vacuum in 3.3356410-e second.

21.Sequence calibration is an effective diagnostibriege for quantifying?

Hysteresis error
Linear error
Zero error
Sensitivity error

oW

22.What type of error is shown below?

Typical Shift
hich)
(high) oy

// ~ Nominal
Yy
Vbl Typical Shift

v 7 (low)
Z

Output Value

Input Value

A. Zero shift error

B. Sensitivity error

C. Repeatability error
D. Linearity error

23.What is the definition of calibration?

Ocean & Aerospace Research Institute, Indones’raﬂc&es



Experimental Method for Mechanical Engineering

A. The relationship between an input of known dynarbehaviour and the
measurement system output.

B. The act of formulating functional relationship betn input and output

C. Applying a known value to the input of the measgraystem for the purpose of
observing the output.

D. The measurement of the changes in the indicatquubassociated with a given
change in a static input.

24.Which one is the characteristic that must be takei®o consideration when
determining a primary standard?

A. Accuracy

B. Continuous reliability
C. Linearity

D. Repeatability

25. Hysteresis effects can be minimized by
A. Static calibration
. Random calibration

B
C. Dynamic calibration
D. Sequence calibr:ation

26.What should be the reading indicated by the rulghé diagram below?

2 3 4

A. 3.00 + 0.03
B. 3.00 + 0.05
C. 3.07 +0.05
D. 3.07 + 0.07

27.What is the designed function of the part markeith Vi ?
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INTERNAL ‘
JAWS METRIC/INCH

BUTTON X

~ LCD DISPLAY SCALE

aTpry, v l"\“‘ll I"{"l.'\' " e
I ST By V.Ryan
4
@)
\ POWER  ZERO DEPTH MEASURING
\ ON/OFF  SETTING BLADE

EXTERNAL
JAWS

A. To indicate the middle of the vernier unit sucht tie width of the jaw opened to
the estimated width.

To be pressed when sliding the vernier unit.

To lock the vernier unit when the set is to beesdor

To keep the vernier steady during use.

oOw

28.Which statement is NOT correct?

A. Steelyard balance can be made more accurate byirensoat the fulcrum of the
beam is friction-free.

B. One kilogram of mass on earth will weigh one siatlits weight on earth because
the moon gravity is acting on one sixth of its mass

C. Spring balance should not be used for commercialicgiions unless their
springs are-temperature compensated or used alyacfanstant temperature.

D. A load cell is an electronic device that is useddavert a force into an electrical
signal.

29.Which statement is NOT correct?
A. 1 pascal (Pa)is | x 05 Nfm
B. 1torris equal to 133 Pa
C. Gauge pressure is absolute pressure less atm@spiressure
D. 1 atmosphere is 760mmHg at sea level

30. What is (R-P,) for the manometer?

A. pga +pgh Bpmgh +pngh
C. .pngh -pm gh Dpmgh -pngh
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SECTION B (40% - 20 minutes)
31.Briefly describe what are the elements to be inetlish the ABSTRACT section in a
technical report or thesis? ( frtark9
32.Discuss, with the aid of a suitable graph, the ephof sensitivity error. (1hark9
33.What is dynamometer? Briefly describe the threesypf dynamometer and explain
the working principle one of the dynamometers. ifidrks)
34.Describe the following terms of pressure:
a. Absolute pressure of a fluid
b. Gauge pressure
c. Differential pressure
Briefly describe the two methods used to measwgesure and give two examples of

the pressure measuring equipment’s. (10 marks)

Test2 2017, UTM

SECTION A (60% - 40 minutes)

1. Which of the following pairs of temperatures measydevices work by basically the
same principle?

Thermocouple and RTD

Bimetallic strip and thermistor

Infrared pyrometer and thermocouple

Thermistor and RTD

oo

2. What is the current international temperature scalE990 (the ITS-90)?
A. Kelvin

B. Fahrenheit
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> ©

C. Celsius
D. Rankine

Which of the following iISVNRONG about temperature?
A. Temperature is related to heat

B. Measuring temperature means measuring heat

C. Temperature is fixed and do not move

D. Heat is measure using the concept of heat equitibri

. Which of the following ifNOT the equipment to measure the temperature?

A. Bimetallic devices
B. Liquid expansion devices
C. Infrared resistance
D. Change of state devices

The following are related to the thermocouleCEPT

A. Consists of three strips of wires

B. Wire made of different metals

C. Wires joined at one end

D. Changes in the temperature will induces a changéttric force

Which of the following iSNOT related to the infrared temperature device?
A. Infrared sensor are contacting devices

B. Infer temperature by measuring the thermal radiatio

C. Useful for objects that are very hot moving

D. Temperature can be measured remotely

. What is the measureable property that changerstemtiperature in a thermocouple?

expansion

electrical resistance
thermal radiation
voltage

oOow>

Which contact type thermometer has a temperatmgeraf -256C to 2006C?
A. Radiation thermometer

B. Liquid-in-glass thermometer

C. electrical resistance thermometer

D. Thermocouple thermometer.

The Celsius unit is based on;

The interval of 108C between the triple point of water and the boilpwint of water
at the atmospheric pressure.

The interval of 108C between the melting point of ice and boiling pahwater at
the water vapour pressure

. The difference between ambient temperature antdhimg point of water at the one

atmospheric pressure.
The interval of 108C between the melting point of ice and the boilmint of water
at one atmospheric pressure.
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10. All of the following are related to the bimetaltieviceEXCEPT
A. Take advantage of the different in rate of therexgdansion
B. Strips of three metals are bounded together
C. Thermal expansion between different metal
D. When heated, one side of the strip will expand ntioae the other

11.Which of the following characterizes the mean:
A. The sum of all the measurements divided by the mumobmeasurements
B. The point in a distribution about which the sumndegtiations equal zero
C. The point in a distribution about which the sumtbé& squared deviations is
minimal
D. The sum of all the measurements divided by the tadsd

12.In experimental measurement, systematic errors terghift all measurement in a
systematic ways do their mean value is displacdackVone of the following iSNOT
the source for systematic error?

Calibration error

Random error

External effect such loading error

Limitation od system resolution

oOow>

The following text applies to questions 13-15:

A group of students performs a simple experimeriirtd the average acceleration of a
falling object. They drop a baseball from a buifgiand use a string and meter stick to
measure the height the ball was dropped. Stopwsitigbed to find an average time of fall
for 3 trials from the same height and re-portsftlewing data:

h =525 %+ 0.15m,t = 1.14 £ 0.06s.

13.Use the equationg = 2h/t?to determine the aver-age acceleration (a) and its
uncertainty.
A. 808 +0.1mf
B. 8.08 £0.06 mfs
C. 8.08 +0.88mf
D. 8.08 +1.08 mfs

14.Comment on the accuracy of the acceleration reBdtyou think they made any

mistakes?

A. The uncertainty is high; probably a mistake in heigneasurement or reaction
time with stop-watch.

B. Although a < g (9.8 m/s2), the result seems reddgnaccurate since air
resistance would reduce the ball’s acceleration.

C. The result does not agree with 9.8 m/s2, so thaestunust have made a mistake.

D. The result can only be as accurate as the measntgntannot tell if a mistake
was made

15.What is the suggestion to improve the accurachefeixperimental result?
A. Measure height better use a long tape measurddeatnot stretch.
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B. Improve the precision of the time with more trials
C. Get an assistant to time when the ball hits theirgglo
D. Reduce or eliminate air resistance

The following text applies to questions 16-17:

A simple pendulum is known to have a period of kstodbn, T = 1.55 s. Student A uses a
digital stop-watch to measure the total time foosgillations and calculates an average
period T = 1.25 s. Student B uses an analoguewaish and the same procedure to
calculate an average period for the 5 oscillateoms finds T = 1.6 s.

16.Which period is more accurate?
A. Student A’s period of 1.25 s because a digitalw#iph is more reliable.
B. Student A’s period of 1.25 s because the stopwedohmeasure to 0.01 s.
C. Student B’s period of 1.6 s because it is closeth® known period than A’s
value.
D. There is not enough information to answer this tjoes
17.Which measurement is more precise?
A. Student A’s period of 1.25s because a digital saipkvis more reliable.
B. Student A’s period of 1.25s because the stop-wedohmeasure to 0.01s.
C. Student B’s period of 1.6s because it is closé¢héoknown period than A’s value.
D. There is not enough information to answer this tjoes

18.What is the most probable source of error that c@xplain the difference in the
results?
A. Human reaction time in starting and stopping thrertg devices.
B. The stopwatch may run too fast; not calibrated eriyp
C. The amplitude of oscillation may have been tooddng one pendulum.
D. Student A mistakenly measured 4 oscillations irtste#ahe intended 5.

19. A group of students are told to use a meter sbdind the length of a hallway. They
make 6 independent measurements: 4.402 m, 4.243%5 m, 4.456 m, 4.372 m,
4.289 m. How should they report their best estintditéhe length of the hallway in
two significant digit?

A. 4.30m
B. 4.346 m
C. 435m
D. 4.300 m

20.Fluctuation of pressure or pressure variation ofiamolves in experimental
measurement and can be classified as:
A. Random error
B. lllegitimate error
C. Systematic error
D. Calibration error

21.Which of the following basic dimension in used épresent Pressure, p;
A. M/(LT2)
B. L/(MT2)
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C. M/(LT3)
D. ML2 /T3

22. Which one the following is a correct for definitiofithe quantityDz?
relative error

Percentage error

absolute error

Random error

oOow>

23. When an even number of ungrouped scores are adawgerding to magnitude, the
median is the:
A. score with the greatest frequency
B. mean of the two middle scores
C. middle score
D. mean of the highest and lowest scores

24. Given that a collection of scores on a quiz leada mean of 40, a median of 38, and
a mode of 36. If we added |0 points to each scdratwould be the new median?
A. 38
B. 48
C. 40
D. 50

25. Which one of the following is classified into ers@r
A. Bias, random and illegitimate errors
B. Absolute, random and illegitimate errors
C. Relative, random and illegitimate errors
D. Percentage, random and illegitimate errors

26.According to the mental condition of worker, whiohe of the following does not
contribute to accident?
A. Lack of safety awareness and training
B. Temperament
C. Nervousness
D. Proper attitude

27.According to the supervisory safety performancectvione of the following does not
contribute to accident?
A. safety instructions inadequate
B. safety rules enforced
C. safety not planned into the job
D. infrequent employee safety contacts

28.The fluid expansion techniques are related to EXCEP
A. Fluid-expansion sensor do not require electric powe
B. The mercury type and organic liquid type
C. Version employing gas are also available
D. Wires tensile measurement
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29.The followings are the description of FahrenheXCEPT.
A. Named after Gabriel Daniel Fahrenheit
B. Melting point of pure ice and the temperature oh@mal human body as
reference
C. Changed to using the boiling point of water (212S)the upper fixed point of the
scale
D. Initially 0° and 96° being reference lower and upgpeale

30.All below are the significant of using semi-log kcagraph when plotting
experimental function, EXCEPT.
A. Reduce the scale range that too big
B. Have log scale on both axes
C. Produce linear trend
D. Does not have log 0 on the log scale

SECTION B (40% - 20 minutes)

31.Describe the working principle of thermocouple &idetallic device?

32.Write list of seven (7) leading unsafe acts aceaydd Japanese Central Council on
Preventing Industrial Accidents?

33.Determine the variance and standard deviationhfeirfdllowing data:
5.30, 5.73, 6.77, 5.26, 4.33, 5.45, 6.09, 55681 and 5.75

34.Practically everything THAT IS measurable can bespnted graphically. To make a
graph more effective, certain considerations mesbbserved. List down the items
that must be included when drawing a graph
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