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INTRODUCTION

The purpose of this manual is to help you, the student, attain the objectives of the Mechanical Engineering Laboratory courses.  The objectives of the Mechanical Engineering Laboratory courses are:

a) To let you apply, in the laboratory, the theoretical knowledge that you acquired in the classroom about physical principles, testing methods, and test equipment.

b) To let you develop a good laboratory technique.

c) To let you acquire the facility to write mechanical engineering laboratory reports.

These objectives are equally important.  Some of the laboratory activities by which you will attain these objectives are:  

· by determining, experimentally, physical performance characteristics and standard values described in textbooks and handbooks, 

· by consulting various sources of testing and operating standards, 

· by planning laboratory work for achieving the greatest efficiency, and obtaining the best possible results,  

· by presenting the laboratory results in the form of Mechanical Engineering Laboratory Reports.

1.  DESCRIPTION OF THE LABORATORY

Part of the first scheduled laboratory session will be devoted to an examination and explanation of the laboratory and its equipment.

2.  SAFETY RULES AND SUGGESTIONS

Safety is part of every engineer's job!  Safety is not only a concern of the engineer during the conceptual development of a design, but also when a design is finally implemented and when it goes into service.  The following safety rules are in common use and are recommended for your serious consideration.  Failure to observe safe laboratory practices will be sufficient cause for immediate dismissal from the laboratory course with an "F" grade.

· Haste leads to many accidents!  Work deliberately and carefully, and verify your work as you go along.

· Do not work on moving machinery, or on live electrical circuits, if possible.

· When making connections, as far as it is practical, connect to the power source last; when disconnecting, disconnect from the power source first.

· Be careful to keep metallic accessories of wearing apparel or jewelry out of contact with live electrical circuits, and keep loose articles of clothing out of contact with moving machinery.

Become safety conscious.  It may save more than your grade or your job in industry; it may save your life!

3.  LABORATORY PROCEDURES

The experiments in Mechanical Engineering Laboratory courses are performed by students organized into groups.  For identification purposes, each group will be assigned a number.  For each laboratory experiment, one member of each group will act as a group leader.  The group leader will be in charge of the testing, and the assignment of duties to the other members in the group.  The group leader will be responsible for preliminary preparations, such as, setting up of data sheets, requisitioning of instruments, etc.  The work of a group is not completed at the end of an experiment until all equipment and instruments have been turned off and/or returned neatly to their proper storage places.  Only then will the data sheets be signed‑off by the instructor, photocopies of the data sheets made for the group members, and the group dismissed from the laboratory.

4.  DATA SHEETS

The data taken in the laboratory shall be arranged in a neat and orderly manner on consecutively numbered sheets of quadrille paper.  Photocopies of the data sheets will be bound into the report.  The following information shall be placed at the top of the first data sheet:

· Course number. 

· Title and number of the experiment. 

· Group number and the names of the members present. 

· Date on which the experiment was performed.

The arrangement of the data shall follow the order of the runs as given in the laboratory experiment instruction sheets.  The data for each run shall be arranged under the run number, and title corresponding to that run.  Each column of data shall be headed by:

· The name of the quantity read, and its units; for example, P, lb, for axial load, in pounds.

· The instrument scale, or multiplying factor, if any.  The data recorded shall be the instrument reading, and the scale factor shall indicate the conversion to actual values.

· The identification number of the instrument read.

The serial numbers or code numbers of the instruments and equipment used in the tests shall be shown on the data sheets.

Be sure to leave enough blank space along the left edges of the data sheets to allow for binding of the data sheets into the laboratory report.

Photocopies of the original data sheets will be made by the instructor for each member of the group.  The original data sheets will be kept by the instructor.  No credit will be given for the laboratory work unless the data sheets have been approved and initialed by the instructor.

When the experiment requires more than one day to complete, the portion of the data taken on each day shall be separately dated and approved.  No subsequent additions, deletions, or alterations on the data sheets are allowed under any circumstances after the instructor has signed the data sheets, unless the changes are first explained to, and then initialed by, the laboratory instructor.

5.  THE LABORATORY REPORT

The most important product of most engineering assignments is an engineering report, and mechanical engineering laboratory experiments are no exception.  The engineering report is the presentation of definite information on a specific subject to a definite audience.  For this reason, the report deserves considerable care and effort in composition and preparation.  A poor report is a bad reflection on what may otherwise be excellent laboratory work, while an excellent report explains and evaluates what may be poor laboratory work.

Particular attention should be paid to good English, correct grammar and punctuation.  These points are essential to a good report.  Clarity, interesting grammatical construction, and variation of sentence structure, as well as conciseness, should be striven for.  Engineering reports should be written factually and in the first person active voice, or the third person passive voice.  Abbreviations and special expressions should be used with caution.  When used, these expressions should be limited to standard ones, with which the audience is familiar.

A report on each experiment shall be prepared and submitted to the instructor by every member of a group.  All reports shall be written with a word processor on standard 8 ½ × 11 in. sheets, using one side of the sheets only.  Any inserted handwritten material must be neat and clearly legible.  The pages of the report shall be securely fastened together inside and to the back of a standard CSULA College of Engineering, Computer Science, and Technology laboratory report cover by means of three, bendable rivets.  All information called for on the inside of the front cover must be provided.  The report pages shall be numbered consecutively.

Final reports are due one week after the completion of the experiment.  Late reports will be penalized 20 percentage points.  No reports will be accepted after two weeks.

6.  CONTENTS OF THE LABORATORY REPORT

The contents of the report are listed by section name inside the report front cover.  Each section of the report is expanded upon in the following paragraphs.  The report sections must appear in the order indicated.

TITLE PAGE

The title page should bear the name of the experiment, and a complete statement of purpose.

ORIGINAL INSTRUCTION SHEETS

The inclusion of the instruction sheets in the report is optional

PHOTOCOPIED DATA SHEETS

See Section 4 of this manual, entitled “Data Sheets,” for specifics.

DIAGRAMS AND SCHEMATICS

This section contains all diagrams.  The diagrams shall be neatly drawn and lettered in pencil and/or drawn with computer‑aided‑drafting (CAD) software.  At the bottom of each diagram, a figure number shall be placed, and a descriptive title given, indicating the part of the experiment to which the figure refers.

Instrumentation connection diagrams shall be prepared to show the actual connections used in the experiment.

TABULATED DATA AND RESULTS

Each page of the tabulated data and results should bear the number, title, and date of the experiment.  The original observations taken in the laboratory, together with the results calculated from them, shall be arranged in numbered tables.  The tables shall have titles at the top, and the titles shall be descriptive of the runs or tests from which the data were obtained. 

Where calculations involve intermediate stages or steps, the intermediate results must also be tabulated.  Observed, intermediate and final calculated results, related to the same run or group of runs, must be placed in the same table in their logical order or sequence.

In each run or tabulation, each reading or each line of data shall be numbered at the left, with the numbers running in the same sequence as the data points appear in any graphical results.

The observed and calculated results should be written with a word processor, or neatly handwritten in columns on quadrille or plain paper with table boundaries and division lines ruled in.

The tabulated data and results may be photocopied for distribution to the group members. In this case, however, each group member will be held responsible for checking the accuracy of all calculations.

SAMPLE CALCULATIONS

This section contains "typical calculations" or sample calculations showing how the results were obtained.  For each run, there shall be at least one typical calculation as used in determining the results.  Each sample calculation shall be shown in complete detail, including formulas written in symbolic form, with symbols defined, and in each case shall refer to the corresponding tabulated results by run number and reading number.  Each member of a group shall do his or her own sample calculations.

RESULTS SHOWN GRAPHICALLY

All the plotted curves derived from the results of the tests, and/or used in deriving the results of the tests, shall be placed under this heading.

Good plotted curves are a necessary component of a good report.  Each plotted curve sheet shall contain sufficient identification to make the sheet completely intelligible as an entity, because plots are sometimes used independently from a report.  It is advisable that the plots be created with a spreadsheet or other software.  If hand drawn, good lettering or typing is necessary.  Titles and headings should be arranged for most convenient reading when the plot is bound in the report.  For most satisfactory results, the plots should show a sense of balance and proportion, and be placed on one or more sheets of graph paper, as needed.  The following rules are given for the creation of plotted curves and preparing graphs.

When plots are hand drawn, the selection of suitable graph paper is the foundation of a satisfactory graphical display.  Specifically, quadrille paper is not acceptable.  Standard formats of accurately printed graph paper in a great variety of grids with both linear, non‑linear and semi‑linear scales are readily available.

When plots are hand drawn, all curves should be drawn using a straight edge or French curve.  Experimental points should be enclosed by small circles, triangles, stars, squares, etc.  Dots are not acceptable except that they shall be used inside the circles, triangles or other markings used.  Draw smooth curves averaging the plotted points.  Do not distort curves known to be smooth in order to draw the curve through all the points.  Beware of extrapolations not based on sound and certain knowledge.  If a plot is created using a spreadsheet or other software, the plot must approximate as closely as possible the features of a hand-drawn plot.  There is no software on the market yet that can reproduce the judgment exercised by the human eye and hand when data points are connected with a French curve!

The use of different colors for different curves is not a good practice because the colors are sometimes photocopied in black and white. Different point markings should be used for different curves where confusion is likely to occur.  The intersection of two or more curves of nearly equal slope should be avoided, unless required for comparison.

Care should be taken in the selection of suitable scales for the curves.  As a rule, the independent variable should appear along the abscissa, and the dependent variable along the ordinate.  Only one variable should be plotted along the abscissa, except in unusual circumstances.  Select scales, if possible, with the same degree of accuracy as the readings to be plotted.  Ordinarily, it is not good practice to use expanded or suppressed zero scales.  When the data points fall within narrow limits, and when the purpose of the test is to show variation instead of a general trend, an expanded scale may be used to advantage.

Only decimal scales shall be used.  This means that the scales selected should be such that each division and subdivision of a graph axis shall be equal to whole units or decimal fractions thereof.  Where divisions or subdivisions are fractional, they shall contain only one significant figure.  Thus, 0.5 or 0.4 is permissible, while 0.125 or 0.33 is not.  When more than one scale is placed on one axis, these scales shall be chosen so that they will be as symmetrical and uniform as possible.  It is preferable to have these scales interrelated by multiples of ten.

The ordinate and abscissa scales should be marked at equal intervals along the axes.  Ordinarily the zero points of the scales should be at the intersection of the axes.  Scales should not be marked at either too closely or widely spaced intervals, but should have about one marking per inch.  All scales should be labeled along the axes to indicate the quantities plotted and their units.

If the side of the graph sheet containing the binding holes is designated as the left side, then the abscissa of the curves should be drawn at the bottom of the sheet in portrait fashion, or along the right side of the sheet in landscape fashion.  That is to say, the curves should appear in their normal viewing position when the report is held vertically or turned 90 degrees clockwise. 

Always leave sufficient margin for binding the graph sheet into the report – at least an inch.  In the case of hand-drawn plots, do not use the outermost edges of the grid on the graph sheet for the axes.  Leave room for the scales to be clearly and legibly marked as indicated in the previous paragraphs; however, do not attempt to crowd the curves to a small portion of the graph sheet.

Each curve sheet should contain:

· A descriptive title of the curve or curves, and a figure number.

· The identification of the specimen for which the curves are drawn.

· References to the run or tabulated data for which the curves are plotted.

· The name of the person who created the curves, and the creation date in the lower right‑hand corner of the sheet.

In brief, the information given on a graph should be complete enough to identify the graph and all relevant conditions associated with it.

For each curve plotted, there must be a set of tabulated data and results.  Other explanations, or data related to the curves, may be added as subtitles, notes or tabulations, as required for clarity.

Photocopying of curves for the group members is not permitted unless specifically allowed by the laboratory instructor.

DISCUSSION OF RESULTS

Under this heading, the results and conclusions shall be discussed and explained, not merely described.  Any apparent discrepancies between the results and theory shall be reconciled in this discussion.  The observed accuracy of the tests and the possible sources of error shall also be discussed.  Each member of the group shall write his or her own individual interpretation and discussion of the experiment and its results.

Wide latitude is allowed in form and content, for here the student displays his knowledge of the subject under consideration and, in addition, demonstrates his ability to apply the fundamentals of good writing.  In industry, a fluent and accurate application of written English is indispensable to success.

The use of reference books is encouraged; indeed, it demonstrates awareness and initiative on the part of the student.  However, when quoting from or paraphrasing a reference book, you must not disguise this fact or make it appear as original work.  Clearly state the name of the reference source, the page number, etc., and demonstrate its relationship to the material being discussed.

ANSWERS TO QUESTIONS

This section contains the list of the answers to any questions included in the instruction sheets.  If the questions have been answered in the Discussion of Results, give page number references.
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