Engineering Measurements
(0904422)
Course Outline

| Cr. vgﬁ\“*::_‘:;:El"Dgram Outcomes | 1 | 2 [3[4]5 | 6 7 8|90 ! 11|
| Hrs. | Course Name e ; A el
5 ’T 5 Enginecering Measurement 213 | 3 3 s
0904422: Engineering Measurements 3 Credit Hours

Prerequisites by course:
0904341: Thermodynamics (I)
0904222: Dynamics
0904361: Fluid Mechanics
Prerequisites by topic:
1. Basics of statistical analysis and probability.

2. Principles of electromagnetism.
3. Electrical circuits.
4. Bernoulli equation.
5. Basic stress-strain relations.
6. Heat transfer.
) /_ 7. Interpolation of data and curve fitting. ' Suem B Wrhoite
: <nl . =
CY\‘\“)! \’iiiﬁ:i?l\cchnical report writing. Basic concept of metrology and measurement with their classifications and
FEY definitions. Errors and error analysis with statistical and uncertainty analysis. Characteristics of

measurement systems. Electrical and mechanical transducers, Measurement of Force & Torque,
Flow velocity, Temperature, Pressure, siress and strain. Design of experiment and Technical report
wriling. Engineering cthics. Design n?f experiment. 23 g;“ 205
Zocl LH cff Sawhil ‘“D = :
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B Course Qutcomes

Students are expected to develop the following skillsfunderstanding upon the successful completion
of 0904423:

1. Calculate the errors in an experimental data. [PO2|
Design a measurement device. [PO2]
Caleulate the fluid velocity, flow, pressure and force, analyze these devices and caleulate the
errors and uncertainty of readings. [PO1, PO10]
" 4. Ability to find parameters that characterizes the behavior of a thermometer and manometer.

I

Lad

[POI]

5. Identify the parameters that control the behavior and response of a measurement system.
[PO1]

6. Analyze certain types of errors using statistical methods. [PO10]

7. Improve report writing skills. [POZ2]

8. Chose the correct device for the least error or desired accuracy. [POG]

9. Be familiar with various types of measurement devices and units of measurements. [PO11]

& Textbook(s) and References:
1. Experimental methods for engineers, by J. P. Holman [Textbook].
2. Theory and design for mechanical measurements, by Richard S. Figliola [Reference book|.



w5 Course Outline

The following topics will be covered in this course:
Technical Report Writing.
Basics of metrology and measurements.
Errors and error analysis of data.
Dynamic characteristics of systems.
Basic Electrical and Mechanical Transducers.
Flow and velocily measurements.
Temperature measurement.
Pressure measurement.
9. Force, torque and strain measurement.
10. Design of experiments (If Time Permits).
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& Evaluation of Outcomes
Evaluation will be done based on the following (percentages are up to the instructor):

.‘1, Cla.ss Attendance & Participation : 00 N;Itu‘ks 20 mark« -
XD Quizzes : L@ Marks
|.Gé\.“‘§ S Proiset ; H Marks
4. Mid-Term Exam. ¢ 30 Marks
5. Final Exam : 50 Marks

w# Lecture schedule:

Basics of Report Writing ; 2 Lectures
Basics of Metrology : 2 Lectures
Basics of Measurement g 2 Lectures
Errors and error analysis : 6 Lectures

First Quiz (Date Decided Later)
Homework No. (1)
Characteristics of a system : 4 Lectures
Project Number (1)

Transducers : 4 Lectures
Second Quiz (Date Decided Later)
n Homework (2)
Pressure Measurements 2 1 week
Flow Measurements . 4 Leclures
Third Quiz and Mid-Term Exam. (Date Decided Later)
Temperature Measurements : 2 weeks
Fourth Quiz (Date Decided Later)
Homework (3)
Project Number (2)
Force & Torque Measurements : 1 week
Strain Gauges 2 1 weelk
Design of Experiments : 1 week

The Final Exam will he held as decided by the university

%% Important Instructions:
The student should notice the following:
Maximum number of missed lectures allowed is 5 only.
Entrance to lecture room is not allowed after 10 minutes.
Close your mobile before entrance to the lecture room.
Programmable calculators like are not allowed.
All exams/tests/quizzes are closed-book. Extra sheet containing equations will be supplied.

e L3 —



6. The third quiz will be included with the Mid-Term exam.

7. Homework/Projects will not be accepted after the stipulated time.

8. Revision of the following topics is necessary: flow through orifices. Bernoulli equation. basic
circuits (Wheatstone bridge) and Faraday’s Law, and manometers.

9. There will be no makeup for the quizzes.

10. The makeup for the Mid-Term exam will be conducted at the end of the course. The syllabus
will include more material.

11. A total of FOUR quizzes will be given and the average of all four will be taken.

33 Office Location and hours:

My office is located in the second floor along with Industrial Engineering staft ollices. My oftice
number js C-207.
My Personal website 1s:

hitp://fetweb.ju.edu.jo/statf’me/jvaminfindex.html

The office hours are announced on the door. For any suggestions. comments or questions please
contact personally or by e-mail: yamin@ju.edu.jo
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e First Iteration
Al R

Size*r Deviation D*F Deviation”2 F*D*2 4 BISD cemaes

Size mm E
397 1 397 -3.78 3.78 14.2884 14.2884 | 2.733967131
398 3 1184 -2.78 8.34 7.7284 23.1862 2.010695403
399 12 4788 -1.78 2138 3.1684 38.0208 1.287423675
400 23 9200 -0.78 17.94 0.6084 13,9932 0.564151948
401 - 37 14837 0.22 0.0484 1.7908 0.15911978
402 16 6432 122 1.4884 23.8144 0.882391508
403 4 1612 222 4.5284 19.7136 1.605663235
3.22 10.368 20.7368 2.328934963 \
P T R 2 7 a1 l—> mjc()f(t
Sum 100 40078
a) Average Size = i400.?8 { mm - - — B ) B -
b) Mean Deviation = 1.0284 mm Ui o o Yol
¢) Standard Deviation = 1.3826062  mm Coha LS B oy sRals Ll
d) Probabale Error of one reading = 0.9325679 mm 2N, \p D\XE Sl DLy S
e) Standard deviation of the mean = 0.1382606 mm . _\é 5. _ Yy
Probabale error of the mean = 0.0932568 mm 9.\ E\ w\sh }n> P T s
f) Standard deviation of the standard deviation = __0.097765 mm VoA -
g) Precision Index = [] 00 -2 1 (‘_W%B% e
¢ Second lteration - - i 5 =
e aasd) 19\ 0900, Pols] sy
390 | b | sousbiisn] 569 isciie walpe] 2V les 313y
398 J 3 1104 | -269387755| 8.08 |7.2550760 PO ¢ — AD «—\D0o Ap
399 12 4788 | -169387755| 2033 | 28692217 Lol e i
400 23 9200 | -0.69387755| 1596 | 0.481486(, ,&i’: s s
401 37 14837 | 0.30612244G| 1133 |0083710¢ ~ T
402 16 5432 | 1.306122449| 2090 1.70595585 | 27.2952936 | 1.038174671
403 4 1612 | 2.308122449 g.22 531820075| 21.272803 | 1.834792778
404 2 808 3.306122449 6.61 10.9304456 | 21.8608913 | 2.630410836 i
i, Fep
Sum 98 39268 96.122448 154 816327 -
a) Average Slze = mm e ) e
b) Mean Deviation = 09808413 mm S\ A SLqMA -
~ ¢) Standard Deviation = 1.2568844 mim
i d) Probabale Error of one reading = 0.8477685 mm 1;36‘
e) Stendard deviation of the mean = 0.1269645 mm
Probabale error of the mean = 0.0856376 mm AR,
f) Standard deviation of the standard deviation = 00887775 mm maximam o h\
g) Precision Index = b i;{w,__,»‘\:j{)*'b; oiror”
Third Iteration .
Size mm F Size*F Deviation D*F Deviation*2
398 3 1104 | -2.66315789 7.99 7.09240997 | 21.2772299 | 2.377290433
ekl 12 4788 | -1.66315789| 1996 |2.76609418 | 33.1931302 | 1.48463197
400 23 9200 | -0.66315789| 1525 | 043977839 10.114903 | 0.591973507
401 37 14837 |0.336842105 12.45 0.1134626 | 419811634 | 0300684956
402 16 5432 | 1.336842105| 21.39 | 178714681 | 28.594349 | 1.193343419
| 403 4 1612 |2336842105| 9.35 | 546083102 | 21.8433241 | 2.086001881
Sum 95 38063 86.40 119.221053
a) Average Size = mm
b} Mean Deviation = 08094737 mm
c) Standard Deviation = 1.1202493 mm
d) Probabale Error of one reading = 0.7556081 mm
e) Standard deviation of the mean = 0.1149352 mm
Probabale error of the mean = 00775238 mm

PV D T et I SR YT e poget |

fmn — N ARA2714 mm
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