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Hey, you know 
that I got an A-
grade on my 
lab. report. 

I also did the lab and 
submitted the report 
on time but could only 
manage a D-grade 

You know I had the same problem, but 
then I realised that writing a good lab. 
report is as important as doing the lab 
and submitting the report on time. 

That’s right, but you can 
also improve by using the 
feedback given on your 
report. 
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1 Introduction 
Professional engineers without good presentation skills, not only have problems convincing potential 
employers about their true potential, but also in coping with their job requirements. Technical report 
writing is an important presentation skill that enables engineers to communicate their assessment of 
the feasibility, design, performance and outcome of engineering processes to their peers and in some 
cases the general public. It is therefore critical that students currently studying for an engineering 
degree should develop these skills. Understanding and applying the skill of technical report writing is 
an essential part of the professional development process. 
 
This handbook is aimed at these developing engineers to provide some insight to the process of 
writing good technical reports. It also indicates the management infrastructure which relates to the 
process of conducting and submitting laboratory work within the mechanical engineering discipline at 
Heriot-Watt University. 
 
 
2 Essential Skills for Writing a Laboratory Report 
You may have been writing reports and essays as part of the academic development and assessment 
at your school or college. Technical report writing is however different in many respects e.g. technical 
reports provide specific information in terms of the procedures, results, analysis and conclusions of an 
engineering process. The process of writing a good lab report is therefore as important as performing 
and analysing results. It is often observed that students after performing the experiment leave the 
writing of report to the last minute which does not give them the opportunity to go through the iterative 
process of improving the report. 
 
Your report should provide a consistent chain of events to the point that someone with a basic 
knowledge of the subject area should be able to follow your thoughts. It is very likely that the person 
marking your report was not observing your specific experiment. It is therefore good practice to read 
your report from the perspective of your audience. Your report therefore should be written to clearly 
demonstrate the following requirements: 
 

• What is it that you did in the laboratory? 
• How did you do it e.g. equipment and procedure you followed? Was this a suitable equipment 

and procedure for the task at hand? Why or why not? 
• How did you analyse your results and using which formulae? What are the strengths and 

limitations of your data for analysis and why was a certain formulae used? 
• Did you present the results in a manner which gives a clear picture of the outcome of your 

experiment? Why did you choose to present the results in the form of a single or multiple 
graphs or tables or vice versa? 

• What constituted the error? 
• Did you justify your conclusions on the basis of your results and discussion? 

 
The following presentation slides are designed to help you develop the essential skills of technical 
report writing and are based upon the experience of a number of academics and students to indicate 
the best practice. It is anticipated that as your style of technical report writing develops over the years; 
you will be able to apply this knowledge to write consultancy reports, research papers or communicate 
with general public through newspaper articles after accessing the requirements of your readers. 
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3 Laboratories Associated with Teaching Modules 
As part of the academic assessment process at Heriot-Watt University, students in various mechanical 
engineering courses are required to do a range of laboratories relating to four mainstream subject 
areas of Thermodynamics, Fluid Mechanics, Dynamics and Mechanics of Materials. There are also 
some specific laboratories which are offered outside mechanical engineering discipline e.g. in 
electrical engineering for robotics students. The number of laboratories each student is required to do 
in a specific year depends not only on the course but also on the modules chosen. Table 1 
summarises the laboratory requirements for all students in Years 1 to 3 registered for mechanical 
engineering modules. In years 2 and 3, you are expected to attend one laboratory per semester for 
each of the four mainstream subject areas, e.g. there are three thermodynamics laboratories listed in 
Year 2 in Table 1, you are expected to do one of these laboratories in semester 1 and the other in 
Semester 2. The choice of the laboratory will depend upon the grouping schedule for the specific 
module. Laboratory descriptors for individual laboratories in specific years can be seen in Appendix A 
to C of this handbook. 
 

Table 1, Summary of laboratories associated with mechanical engineering modules1 
 

Year / Subject 
(Module) 

Year 1 Year 2 Year 3 

Thermodynamics Temperature 
Measurement 

(B57VA1) 
 

1) Boys Calorimeter 
2) Marcet Boiler 
3) Spark Ignition (Petrol) 
Engine Test 

(B58EE1, B58EF2) 

1) Heat Loss from Pipes 
2) Forced Convection (in a 
Cross Flow Heat Exchanger) 

(B59EI1, B59EJ2) 

Fluid Mechanics Hydrostatics 
(B57VA1) 

 
 

1) Orifice Plate 
2) Pipe Friction 

(B58EE1, B58EF2) 

1) The Centrifugal Pump 
2) Francis Turbine 
3) Pelton Wheel 

(B59EI1, B59EJ2) 
Dynamics Fly Wheel 

(B57VA1) 
 
 

1) Wheel and Axle 
Acceleration 
2) Trifilar Suspension 

(B58EC1, B58ED2) 

1) One Degree of Freedom 
Vibration Experiment - Free & 
Forced Response 
2) Design and Construction of 
a Dynamic Vibration Absorber 
3) Two Degree of Freedom 
Forced Vibration - Shear 
Building Model 

(B59EG1, B59EH2) 
Mechanics of 
Materials 

Strain Measurement in 
Thin Plate 
(B57VA1) 

 

1) Cantilever beam 
2) Torsion Lab 

(B58EC1, B58ED2) 

1) Finite Element Modelling 
2) Design Assignment 

(B59EG1, B59EH2) 
(These form part of continuous 
assessment) 

 
 

                                                 
1  Some new dynamics are being proposed at the moment for Y3 so some information may change for this lab in 
Semester 2. 
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4 Timing of Laboratories 
Praxis (B57VA1) laboratories in year 1 will start in week 2 of the semester; all other laboratories in 
year 2 and 3 will start in week 9 and finish by week 12 of each semester. The module responsible 
person or the person responsible for the laboratories will schedule the experiments in the four 
mainstream subject areas. This grouping list will be available by week 8 of each semester. Please 
note that the timetable followed in weeks 1 to 8 of each semester may not be applicable in these four 
laboratory weeks as extra laboratory sessions may be required. All of these extra sessions will 
however be indicated in the grouping schedule.  
 
 
5 Submission of Laboratories – New Changes about Laboratory Sheets and laboratory Reports 
 

5.1 First Year labs – Praxis Module 
You are required to submit the laboratory report through vision or as instructed by the laboratory 
responsible person within ten days of the date of your laboratory. 
 

5.2 Second Year labs – Engineering Science Modules 
The structure of laboratory work has changed for year 2 from previous practices. You will be asked to 
submit a LABORATORY SHEET before you finish your experiment. Specimen of laboratory sheets 
are included in Appendix B of this handbook, along with the description of the laboratory. This will 
allow you sufficient time to read through the information, familiarise with the questions asked in the 
laboratory sheet and more importantly prepare in advance for the laboratory. Each laboratory sheets 
will be worth 5% of the module mark. 
 
You are only required to submit one LABORATORY REPORT per module in each semester. This is to 
allow you more time to write a comprehensive report. The report which you will need to submit will be 
clearly marked on the laboratory schedule e.g. as part of the B58EE1 module you will perform two 
laboratories (one in fluid mechanics and other in thermodynamics). You will submit the laboratory 
sheet for each of these laboratories before you leave the laboratory session. The Laboratory Sheet will 
be marked and returned to you with feedback a week after you complete the laboratory. Please use 
this feedback when writing the Laboratory Report. You will only be required to submit the laboratory 
report on one of these laboratories (either Fluid Mechanics or Thermodynamics as indicated on the 
laboratory schedule). These reports will be worth 10% of the module mark. 
 

5.3 Third Year labs – Engineering Science Modules 
There is no mechanics of materials laboratory work in 3rd year as this aspect of learning is integrated 
within the individual projects (e.g. Finite Element Project) for that subject area. Hence for the B59EG1 
and B59EH2 modules you will only perform one dynamics laboratory per semester. The laboratory sheets for 
these dynamics laboratories are appended with this handbook. You are required to follow the 
instructions of laboratory responsible person about the use of these laboratory sheets. 
 
For the B59EI1 and B59EJ2 modules you will be asked to submit a LABORATORY SHEET before you 
finish your experiment or the next day through VISION as instructed by the laboratory responsible 
person. Specimen of laboratory sheets are included in Appendix C of this handbook, along with the 
description of the laboratory. This will allow you sufficient time to read through the information, 
familiarise with the questions asked in the laboratory sheet and more importantly prepare in advance 
for the laboratory. Each laboratory sheets will be worth 5% of the module mark. 
 
You are only required to submit one LABORATORY REPORT per module in each semester instead of 
two which was the practice in previous years. This is to allow you more time to write a comprehensive 
report. The report which you will need to submit will be clearly marked on the laboratory schedule e.g. 
as part of the B59EI1 module you will perform two laboratories (one in fluid mechanics and other in 
thermodynamics). You will submit the laboratory sheet for each of these laboratories before you leave 
the group on the day you perform a particular laboratory or as instructed by the laboratory responsible 
person. The Laboratory Sheet will be marked and returned to you with feedback a week after you 
complete the laboratory. Please use this feedback when writing the Laboratory Report. You will only 
be required to submit the laboratory report on one of these laboratories (either Fluid Mechanics or 
Thermodynamics as indicated on the laboratory schedule). These reports will be worth 10% of the 
module mark. 
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5.3 When to Submit Laboratory Reports? 
Unless otherwise stated by your laboratory instructor, laboratory reports must be submitted within ten 
days of performing a specific laboratory in the first semester. For the second semester, laboratories 
done in weeks 9 and 10 must be submitted before Easter break (week 12)2 and laboratories done in 
weeks 11 and 12 must be submitted on the first Monday following the Easter break (Week 13). This is 
designed to allow you a bit more time over the Easter break to do your report. Reports should have a 
laboratory cover sheet at the front of your report. These reports will generally be submitted 
electronically as instructed by the laboratory instructor through VISION. In some cases you may be 
asked to submit the laboratory report in the boxes provided in the crush area of the James Nasmyth 
Building, however your laboratory instructor may indicate an alternative submission method for the 
specific laboratory. These boxes will be checked by the mechanical engineering staff and after 
stamping the submission date, they will be passed to the instructor for assessment.  
 

5.4 Late Submission Policy 
The University has now issued clear guidelines on the late submission policy. Table 2 indicates the 
proportion of marks you will loose each day for late submission. Further details of the policy can be 
seen in Appendix D of this handbook. 
 

 
 
6 Policy on Plagiarism 
Full details of the university plagiarism policy can be seen in Appendix E. They can also be accessed 
via the link: http://www.hw.ac.uk/registry/resources/PlagiarismGuide.pdf. According to the university 
guidelines, “Plagiarism involves the act of taking the ideas, writings or inventions of another person 
and using these as if they were one’s own, whether intentionally or not. Plagiarism occurs where there 
is no acknowledgement that the writings or ideas belong to or have come from another source”.  
 
Students must pay particular attention to the following examples of common plagiarism mistakes made 
by other students when reflecting on their own work:  
                                                 
2 This generally will mean that you submit one laboratory report out of two before the Easter break. However, if 
you are grouped such that you have done more than two laboratories in weeks 9 and 10, then you should only 
submit one report before Easter break and the remaining one after the Easter break in week 13 (Monday). 

Table 2, Late submission of coursework and dissertations 
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• “I thought it would be okay as long as I included the source in my bibliography” [without indicating a 
quotation had been used in the text]  
 
• “I made lots of notes for my essay and couldn't remember where I found the information”  
 
• “I thought it would be okay to use material that I had purchased online”  
 
• “I thought it would be okay to copy the text if I changed some of the words into my own”  
 
• “I thought that plagiarism only applied to essays, I didn't know that it also applies to oral 
presentations/group projects etc”  
 
• “I thought it would be okay just to use my tutor's notes”  
 
• “I didn't think that you needed to reference material found on the web”  
 
• “I left it too late and just didn't have time to reference my sources” 
 
 
7 Feedback on Laboratory Reports 
You will be given electronic feedback for most of your reports. In some cases, where the submission 
of the laboratory is in the form of hard copy as opposed to electronic submission, comments will be 
written on the report. The feedback on the laboratory sheets will be given the following week in the 
form of written comments. 
 
Providing feedback on submitted coursework help students improve the quality of their work in future 
reports. During the first year, specific feedback may therefore be sought through your mentors before 
submitting your first laboratory report. After the submission of your report, specific feedback relating 
your report will be included in the form of written comments. It is important that you should take these 
written comments on board when reflecting on the strengths and weaknesses of your report. If you are 
not clear about certain aspects of the comments made on your report, you are advised to contact the 
person responsible for the specific laboratory for clarification. In some cases relating to first semester 
laboratories, an instructor may choose to hold open feedback session(s) where specific feedback can 
be sought. Some trials of automated feedback are also underway where feedback on your report may 
be available in electronic form via VISION. 
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Module 

B57VA –Praxis 
Year 

1 
Subject 

Thermodynamics 
Semester 

1 
Laboratory Title 

Temperature Measurement 
 
Objective 
The object of this laboratory exercise is to calibrate a digital thermocouple against a mercury 
thermometer (analogue) reference.  
 
Theory 
A thermocouple works on the basis of the thermoelectric effect or the Seebeck effect, named after 
Thomas Johann Seebeck who discovered it in 1821. It was found that a voltage (or potential 
difference) existed from one end of a conductor to the other which is proportional to the temperature 
difference between each end as follows: 
 

( )2121 TTV −∝→  
 

The constant of proportionality (S) is known as the Seebeck coefficient and is a material property of 
the conductor; it is also known as the thermoelectric power of the material: 
 

( )2121 TTSV −×=→  
 
When two dissimilar metals are joined such as in a thermocouple, a voltage is generated in the circuit 
that is proportional to temperature difference between the junction and the leads according to the 
following equation: 
 

( )leadsjunction TTV −∝  
 
If the temperature of the leads is constant and equal to the ambient air temperature then the voltage is 
directly proportional to the junction temperature. 
 
The sensitivity of a measurement technique is defined as follows: 
 

MeasuredQuantity in  Change
Readingin  ChangeySensitivit =  

 
 
Equipment 
A K-type thermocouple consists of a copper wire joined with a constantan wire. The leads of the 
thermocouples are connected to a signal amplifier that amplifies the voltage generated at the junction 
by a factor of 10, 50, 100 and 1000 (depending on the setting). The output from the amplifier is 
acquired by a Data Acquisition System.  
 
A constant temperature water bath will be used to set temperature points for the calibration of the 
thermocouple. The bath includes a heating element, a thermostat and a circulation pump that work 
together to ensure the water is held at a constant set temperature. 
 
A pre-calibrated mercury thermometer will be used as a reference temperature measurement. 
 
Procedure 

1. Define the temperature range and temperature increments at which you will calibrate 
your thermocouple 

2. Set the temperature of the bath to the lowest temperature 
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3. Record the voltage from the thermocouple and reference temperature from the 
mercury thermometer 

4. Increase the temperature of the bath by your pre-defined increment 
5. Repeat steps 3 and 4 until you have reached the upper temperature within range 
6. If you have sufficient time this can be repeated as the water bath cools 
7. Plot the reference temperature against the recorded voltage and fit a linear regression 

curve to the data. 
 
Report 
Discuss your results with reference to theory. Can you quantify the uncertainty of the measurement 
technique i.e. how far do individual data points vary from the regression curve?   
 
If the ambient temperature in the lab were to change significantly, how would this affect your result? 
How could you mitigate against this? 
 
Compare thermocouple temperature measurement to other measurements techniques (fluid filled 
thermometers, infra-red thermal imaging and liquid crystal thermography etc.) on the basis of 
sensitivity and temporal and spatial resolution etc. 
 
Reference 
Dataforth Corporation Application Notes - available on VISION 
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Module 

B57VA –Praxis 
Year 

1 
Subject 

Fluid Mechanics 
Semester 

1 
Laboratory Title 
Hydrostatics 

 
Objective 
To measure the hydrostatic force on a partially submerged vertical surface and compare them to their 
theoretical equivalents. 
 
Theory 
A submerged body will experience a hydrostatic force due to the weight of the fluid above it as 
indicated in the figure below 
 

 
 
The magnitude of the resultant force ( hF ) is the product of the pressure at the centroid ( ygρ ) and the 

surface area ( A ). The line of action of this force ( py ) is at a distance ( cy ) below the centroid ( y ). 
For a vertical surface, it can be shown that: 
 

2
hy =   

6
hyc =  cp yyy +=  

 

Therefore:    
3

2hyp =  

 
Equipment 
As indicted in the diagram below a partially submerged dam wall is connected to cross-beam that 
pivots on fulcrum above a water tank. The cross-beam also extends a distance perpendicular to the 
dam surface. This lever arm can be loaded with different weights; thus creating an effective balance 
with the hydrostatic load.  
 
The tanks is also instrumented with a pointer to determine the level of the fluid in the tank. A spirit 
level will indicated when the balance is level 

AygFh ρ=h
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Procedure 

1. Adjust the weight balance until the cross-beam is level 
2. Add weights to the weight tray and increase the level of the water until both the cross-

beam is balanced again. 
3. Increase the weight in the tray in similar small increments and note the corresponding 

water level required to rebalance the cross-bream each time. 
 
Report 
Plot the weight applied in the tray against the depth of water in the tank. 
 
Calculate the hydrostatic force for each test by equating clockwise and anticlockwise moments about 
the fulcrum. Show details of one sample calculation. 
 
Compare the theoretical hydrostatic force to the measured force and comment on your results. 
 
Reference 
 
Mechanics of Fluids, B. S. Massey, (Van Nostrand) 
 
 
 

hF

mg
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Module 

B57VA –Praxis 
Year 

1 
Subject 

Dynamics 
Semester 

1 
Laboratory Title 

Fly Wheel 
 
Objective: To predict the time taken for a falling weight to accelerate a flywheel using the appropriate 
equations of motion. 
 
Introduction: 
A flywheel is a large rotating disc acting as a mechanical store of kinetic energy, like a mechanical 
battery. When compared to a chemical battery, it has a significantly longer life span. One common 
example is in the automotive vehicle, where a flywheel coupled to the clutch is used to regulate the 
speed and also ensure smooth motion when acceleration is not applied by converting the stored 
energy into rotational action. In order to maximise the efficiency of a flywheel, the energy-to-mass ratio 
requires to be optimised. 
 
Can you identify other examples of flywheel application? Highlight two examples and briefly explain 
their purpose, advantages and disadvantages. Include this in your report in the introduction. 
 
Theory:  

 
 
All dimensions in Figure 1 are in mm. 
 
Considering the forces acting on the descending mass and Newton’s 2nd law of motion, 
  MaTMg =−      (1) 
 

h 
M 

release 

After 
descent 

Mf Ø36 

113 

Ø300 

V m/s 

Figure 1 

74 
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For the flywheel the tension, T  provides an acceleration torque for the flywheel, 
  αITr =      (2) 

Where 2

2
1 RMI f=  

 
Note: I  is the polar moment of inertia for the flywheel and α  is the angular acceleration. 
 
Assuming that the string does not stretch then 
  ra α=       (3) 
 
Substitute equations 2 and 3 into 1 to obtain: 

  

2

2

1
Mr

I
ga

Ma
r
IaMg

+
=∴

=−

    (4) 

 
Assuming the acceleration a is constant from release, time taken can be predicted for a specific fall s. 
Derive an expression for time t and show the full derivation in your report. 
 
Note: 

fM  is the mass of the flywheel (kg) 

M  is the mass of the falling weight (kg) 
R  is the radius of the flywheel (m) 
r  is the radius of the shaft (m) 
Density of the flywheel and shaft is 7830kgm-3. 
 
Experiment: 
A flywheel and a shaft as shown in Figure 1, has a string attached to the shaft and to a base unit 
(hanger) of mass 504g. Using four measured distances h, measure the time taken for the mass for 
these distances and compared them against the calculated time. Present your data in a table. 
 
Discussions: 
1. Comparing the experimental and calculated values, what is the percentage error between the 

two for each distance? Plot 2t versus s for experimental and calculated values on the same 
graph for comparison and comment on the linearity and the difference between the two lines. 

 
2. Identify and explain any source of error (the derived expression for time). 
 
3. Conclude on the experiment. 
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Module 

B57VA –Praxis 
Year 

1 
Subject 

Mechanics of Materials 
Semester 

1 
Laboratory Title 

Strain Measurement in Thin Plate 
 
Objective 
The objectives of this experiment are to:  
• Measure axial and lateral strain in a thin plate 
• Valuate the approximate value of Young’s modulus and Poisson’s ratio from the strain 

measurements  
 
Background 
To design a structure which ensures the necessary strength while keeping the harmony between 
safety and economics, it is significant to know the stress borne by each material part. However, at the 
present scientific level, there is no technology which enables direct measurement and judgment of 
stress. So, the strain on the surface is measured in order to know the internal stress.  
 
Theory 
If an object receives an external force from the top, it internally generates a repelling force to maintain 
the original shape. The repelling force (F) divided by the cross-sectional area (A) of the object is called 
stress. 

                                                   F Aσ = .                                                            (1) 
When a bar is pulled, it elongates by L∆ , and thus it lengthens to L  (original length) + L∆ (change in 
length). While lengthening, the pulled bar becomes thinner from its original diameter D  to D D−∆  . 
The ratio of this elongation: L∆ to the original length L , is called axial strain 
                                                                axial L Lε = ∆ ,                                                        (2) 
Similarly, the lateral strain is  
                                                            lateral D Dε = −∆ .                                                      (3) 
The ratio between lateral and axial strains is called Poisson’s ratio, which is expressed in ν : 
                                                          lateral axialν ε ε= − .                                                       (4) 
The proportional constant between stress and axial strain is called Young’s modulus, the value of 
which depends on the materials. 
                                                               axialE σ ε= .                                                           (5) 
Strain measurement in engineering materials is generally difficult especially if attempted via the route 
of physical measurement of changes in dimensions. The problem can however be easily resolved by 
the use of a device called “strain gauge”. Strain gauge (Figure 1)(a) is simply a grid of fine metal wire 
(approximately 0.025 mm in diameter) or a metal foil, bonded to a non-conducting substrate. This 
strain gauge is tightly bounded to a measuring object so that the sensing element may elongate or 
contract according to the strain borne by the measuring object. When bearing mechanical elongation 
or contraction, most metals undergo a change in electric resistance. The strain gauge applies this 
principle to strain measurement through the resistance change. The ratio of the change in resistance 
per unit original resistance ( R R∆ ) can than be related to the ratio of change in length per unit 

original length or strain ( L Lε = ∆ ) in the metal wire by a conversion factor called “Gauge Factor” 
represented here by “G”, i.e. 
                                                          ( ) ( )G R R L L= ∆ ∆                                                  (6) 
 

                                                 
(a) Ref: www.sensorland.com 
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Figure 1. Schematic of a strain gauge 

 
Generally, the value of gauge factor is around 2.1. Exact value of gauge factor, which is typical of the 
gauge type, can usually be obtained from strain gauge manufacturer(s). However, the change in 
resistance (∆R), just like the change in length (∆L) of the strain gauge is very small. It is therefore 
essential to evaluate this change in resistance in terms of the changes in voltage, amplified via an 
electrical circuit. For this, Wheatstone bridge is generally used. Wheatstone bridge consists of four 
resistors which are mounted in a configuration shown in Figure 2, such that the change in resistance 
(∆R) of the resistors changes the output voltage (Vout), for any given value of input voltage (Vin).  
 

 
Figure 2. Wheatstone bridge circuit 

 
When Wheatstone bridge is completely balanced by variable resistors i.e. resistors R1, R2, R3 and R4 
satisfy the condition R1/R2 = R3/R4, it can be proved that Vout = 0. Any change in the resistance of R1, 
R2, R3 or R4 will thus cause the out put voltage to alter from zero i.e. for the conditions R1/R2 ≠ R3/R4. 
This change in output voltage with resistance is thus used to measure strain. 
 
In this experiment, we have two strain gauges and thus two separate bridge circuits will be used, 
which will be identical in configuration. However, as we are interested in measuring the change in 
resistance (in terms of output voltage) of only one resistor (i.e. strain gauge) in our bridge, we can set 
all other resistors in Wheatstone bridge circuit to have the same resistance value, as the initial 
resistance of strain gauge. Hence, if the resistance of strain gauge (which can be measured by 
multimeter) is R, then in our bridge circuit, we can have R = R1 = R2 = R3 = R4, and the resulting circuit 
can be schematically represented as Figure 3(a). This resistance R for the strain gauge(s) used in this 
experiment was measured as 120 Ohm. This configuration of Wheatstone bridge circuit is called 
quarter configuration, as only one of the four resistors (i.e. strain gauge) is the variable resistor in 
our quarter configuration circuit.       
                                                               
There are prefabricated Wheatstone bridge circuits available in the lab, which measure strain for a 
given gauge factor. However, these prefabricated Wheatstone bridge circuits are calibrated for a 
quarter bridge circuit which amplify the actual value of the strain by an approximate factor of four 
since only one resistor is variable type. Therefore, the strain can than be measured directly in the 
specimen, using the relation:  
                                                                   4 ( )out inV V Gε = .                                            (7) 
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                                                                   (a)                                                                    (b) 

Figure 3. Quarter configuration of Wheatstone bridge circuit (a); Schematic diagram of strain gauge 
arrangement (b) 

 
Experimental Test Procedure 
Having had the knowledge of measuring strain in a given specimen using a linear strain gauge 
(described above), the experiment involves measuring the strain in axial (εaxial) and lateral (εlateral) 
directions in a thin plate, with axial direction represented as the direction of load axis (Figure 3b). A 
plate of dimensions length (l) = 280 mm, width (w) = 215 mm and thickness (t) = 6mm is to be pulled in 
tension using a tensometer, which is essentially a hydraulic press, capable of inserting tensile or 
compressive loads. Two(d) strain gauges, one aligned to measure the axial, and the other lateral strain, 
are already attached to the plate. Typical procedure (see also Table 1) can be summarised as follows: 
 
• The plate is to be pulled in tension with an initial load of 1kN to take the slackness out of the 

system (bolts etc.). 
• The strain gauge readings are then set to zero. This means that the strain caused by the initial 

load is neglected and thus the corresponding value of load to be neglected from the total load 
readings on the tensometer. 

• The load is then increased in intervals of 5kN, up to a total value of 25 kN (note that in these 
conditions the final tensometer reading will be 26kN to compensate the initial 1kN load). 

• The strain at each value of load is then measured from the quarter bridge circuit. 
• Calculations of Poisson’s ratio and Young’s modulus.  

Poisson’s ratio: lateral axialε ε−  

Young’s modulus:  ( )axialF wtε  
 

Load 
case 

Applied 
Load 
(F) 

Axial 
Strain 
(εaxial) 

Lateral 
Strain 
(εlateral) 

Estimated Poisson’s 
ratio 

ν= - (εlateral)/(εaxial) 

Axial Stress 
(σ = F/w×t) 

Estimated 
Young’s 
Modulus 

(E = σ /(εaxial)) 
I       
II       
III       
IV       
V       

Table 1. Typical calculation procedure 
 
The report should comprise of detailed experimental procedure, experimental results, discussion and 
conclusions. Discussion should include accuracy of results, various sources of error during the 
experiment, and suggestions about improving the accuracy of results. Note; use correct units! 
 

                                                 
(d) A third gauge attached to the plate at +45o to the lateral gauge should be neglected for this experiment. 
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Module (s) 

B58EE, B58EF–Mech. Eng. Sci. 5, 6 
Year 

2 
Subject 

Thermodynamics 
Semester (s) 

1 and 2 
Laboratory Title 

The Boys’ Gas Calorimeter 
 
Objective 
To determine the higher and lower calorific values of natural gas. (HCV and LCV).  Sometimes 
referred to as the gross calorific value and the net calorific value. 

 
Background 

 
 

Boys’ Calorimeter 
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Definition of Calorific Value (Ref 1 p221) 
The calorific value of a fuel may be defined as the energy transferred as heat to the surroundings (e.g. 
cooling water) per unit quantity of fuel when it is burned at constant pressure, the combustion products 
being at the same temperature as the reactants (fuel and air). If the H2O in the products is condensed 
then the Higher or Gross calorific value (HCV) is determined, if the H2O in the products remains in the 
vapour phase (or corrections are made to this effect) then the Lower or Net calorific value (LCV) is 
determined. 
 
During the lab and subsequent analysis 
 

A. Carry out the experiment and calculate the results.  Take measurements of important 
temperatures, pressures and volume flow rates (necessary to calculate the calorific values) at 
the initial gas flow rate. You should check that the results are repeatable. 

 
B. Discuss the following points:- 

a. The comparison between your measurement of calorific values using the low and high 
gas flow rate and the quoted value in the reference material. 

b. Is it correct to use the latent heat of steam at 25oC in calculating the lower calorific 
value? 

c. The relative merits of the use of HCV and LCV in power plant thermal efficiency 
definition. 

 
References 
 

1. Eastop, T.D. and McConkey, A., Applied Thermodynamics for Engineering 
Technologists 

 
Boys’ Calorimeter – Results 

Test No  Ambient Temp  oC 
Parameter Value Units Value (SI) Units 

Gas     
Volume of gas     

Gauge Pressure     
Absolute Pressure     
Inlet Temperature     

Exhaust Temperature     
Elapsed time     

Corrected Volume 
(15oC 1bar) 

    

Volume flow/sec 
(15oC 1bar) 

    

     
Cooling Water     

Volume of coolant     
Elapsed time     

Mass collected     
Mass flow/sec     

Temp. in     
Temp. out     

Specific heat capacity     
Heat transferred/sec     

     
Condensate     

Volume collected     
Elapsed Time     

Mass collected     
Mass collected/sec     

Latent heat     
Mass/sec x Specific Latent     
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Heat 
     

HCV  
LCV  

 
Ensure consistent units are used 
 
Calculations 
 
The Higher Calorific value may be calculated from: 
 
Volume of fuel used (at 1bar 15oC) x HCV   

                           = (mass of cooling water) x (specific heat capacity) x temperature rise of water) 
 
Where the volume of the fuel used and the mass of water are measured over the same time 
interval (e.g. 1 second) 
 
The Lower Calorific value may be calculated from: 
 
(HCV-LCV) x Volume of fuel = Mass of condensate collected  x Latent heat of H2O  
 
Where the volume of the fuel used and the mass of condensate are measured over the same 
time interval (e.g. 1 second) 
 
The Latent heat of H2O at a temperature of 25oC should be use. This  may be determined from 
tables. 
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Laboratory Sheet for the Experiment 
 

The Boys’ Gas Calorimeter 
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Module (s) 
B58EE, B58EF–Mech. Eng. Sci. 5, 6 

Year 
2 

Subject 
Thermodynamics 

Semester (s) 
1 and 2 

Laboratory Title 
Marcet Boiler Experiment 

 
Objective 
 

To study the relationship between the saturation pressure and temperature of water/steam in the 
range 0 – 14 bar (gauge) and to study the change in temperature of a body when being heated or 
cooled. 

 

Safety 
 

The apparatus is a pressure vessel.  The pressure must not exceed 14 Bar (gauge)! 

 
Background 
 
1) In order to carry out a heat transfer experiment simultaneously with measurement of vapour 

pressure, it is required that the rates of heating and cooling of the pressure vessel, the rate of 
energy addition by the heater and the ambient temperature are recorded. 

 
2) Study the following derivation of a simplified 1st Law (energy) equation relating the temperature of 

the boiler to time as it is heated and cooled. 
 
Assumptions 
 

i. The temperature is uniform throughout the boiler.  Thus the outside surface temperature of the 
boiler is the same as the steam temperature, T. 

 
ii. Newton’s Law of cooling applies – the rate of heat transfer from the surface is proportional to 

the surface area, As, and to the temperature difference between the boiler surface and the 
surroundings ( T- T�). 

 
Thus, 
 

 ( )αα TTA
dt

dQ
s

t −=  

 
where � (kW/m2K) is called the heat transfer coefficient for heat transfer between the boiler surface 
and the surroundings.  By Newton’s law of cooling it is assumed constant. 
 
The 1st law balance for the boiler at time t (secs) is  
 

 
dt

dQ
dt
dQ t=  + Rate of change of internal energy of the boiler and contents. 

 
Therefore, 
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dt
dTMC

dt
dQ

dt
dQ t +=  

 
Where MC (kJ/ K) is the heat capacity of the boiler which in this simplified development is assumed 
constant. 
 
So, when being heated, 
 

 ( )
heating

s dt
dTMCTTA

dt
dQ

+−= αα      (1) 

 
and when cooling, 
 

 ( )
cooling

s dt
dTMCTTA +−= αα0      (2) 

 
At a value of T1 on the lot of the measured heating curve and at a value T2 on the cooling curve, the 
respective slopes, 
 
 

 
coolingdt

dT
  and  

heatingdt
dT

 

 
are determined by construction.  The value of dQ/dt may be calculated from tabulated measurements 
of electrical energy consumption (kWh) versus time (hrs), or from a direct reading of a Wattmeter.  
Hence, the values of the products � As and MC can be calculated by simultaneous solution of (1) and 
(2). 
 
 
Remember – gauge pressures should be converted to absolute values. 
 
During the lab and subsequent analysis 
 

A. Sketch the apparatus 
 

B. Carry out the experiment and calculate the results. 
 

C. Plot p versus T for both heating and cooling on a graph. Also plot p versus T using published 
values (ref 1) comment on this graph. 

 
D. Plot graphs of measured T versus time and calculate the products �As and MC.  Hence 

calculate Tmax, and the time t for the boiler to cool from the maximum temperature achieved in 
the test to 10 oC above ambient temperature and comment on the values obtained.   

 
E. Derive, from  (1) and (2), 

 
a. An expression for the maximum temperature Tmax, the boiler would reach if heating 

were to continue at the rate dQ/dt (kW). 
 

b. The time, t it would take for the boiler to cool 100oC, to 10oC above ambient 
temperature.  (This requires solution of the differential equation (2)). 

 
Reference 
Thermodynamic and Transport Properties of Fluids,  Rogers G.F.C and Mayhew Y.R., 
5

th
 edition,  “Steam Tables” 
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Laboratory Sheet for the Experiment 
 

Marcet Boiler 

 

 



 31

 
Module (s) 

B58EE, B58EF–Mech. Eng. Sci. 5, 6 
Year 

2 
Subject 

Thermodynamics 
Semester (s) 

1 and 2 
Laboratory Title 

Spark Ignition (Petrol) Engine Test 
 
Introduction 
Spark ignition reciprocating internal combustion engines are widely used in automobiles (the petrol 
engine) and as small industrial units. Industrial engines typically run on lpg , as do some automobile 
engines. 
 
Automobile engines operate over a wide range of conditions of speed and torque. In order to 
characterise an engine it is necessary to construct a performance map. Such a map may show brake 
thermal efficiency or brake specific fuel consumption (BSFC) as a function of speed and torque. The 
information provided in a performance map can be used in conjunction with the characteristics of the 
load (e.g. the power vs speed and the mass of a car) to determine appropriate gear ratios. 
 
Objective 

1. To become familiar with the equipment and measurements taken when testing an internal 
combustion engine. 

2. To investigate the variation of Thermal Efficiency and BSFC with torque (or power) when 
operating at constant speed 

3. To carry out an energy balance for the engine. 
 
Apparatus 
The apparatus comprises a Volkswagen 999cm3 4 cylinder petrol engine with a compression ratio of 
10.5:1 driving an eddy current brake. The engine and load are controlled and monitored remotely. 
The engine is shown in figures 1 and 2.. Students should annotate the figures to show the following: 
 

1.  
2. Brake 
3. Fuel Tank 
4. Cooling Water Heat Exchanger 
5. Exhaust Silencer 
6. Battery 
7. Power Electric Cabinet 
8. Circuit Breakers 
9. Emergency Stop 
10. Signal Conditioning Electronics 
11. PLC (Programmable Logic Controller) 
12. Air intake 
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Figure 1.  Engine test bed 
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All instruments are connected to a PC based data logger and parameters are displayed on a mimic 
diagram as shown in Figure 2. 
 

 
 

Figure 2 Mimic diagram 
 
Further data may also be extracted from the MOTEC engine management unit using a separate DOS 
based program.   
 
Test Method 

1. Ensure power supply to engine is on 
2. Start PC(s) 
3. Run Armfield CM11 Gasoline Engine software package. Choose “Standard configuration” 
4. Set cooling water flow to approximately 8l/min 
5. Switch on exhaust extractor and engine cell ceiling fan. 
6. Zero torque measurement 
7. Set Fuel Flow Calculator to “Wasted Spark” 
8. Load MOTEC program and return to Armfield Mimic 
9. Press remote  
10. Press Ignition (Green light should illuminate on mimic, red light on engine PLC) 
11. In MOTEC window select Calibration/Diagnostic then View then Main (Note MOTEC is 

DOS program – it requires keyboard input not mouse!)  
12. Set throttle to zero 
13. Press Starter 
14. Run engine for 10 minutes or until Lambda sensor reads ~1 
15. Open throttle and adjust speed to 3000rpm (Note throttle control is non-linear and has a 

lag – therefore open slowly and pause after small increment  
16. Insert EPW from MOTEC software into fuel flow calculator 
17. Sample data when engine is running steadily 
18. Press Brake on 
19. Press Control 
20. Set speed to 3000rpm 
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21. Set to automatic control 
22. Open throttle by 5-10% and record data when engine is running steadily at each condition. 

(Remember to insert EPW  from MOTEC software into fuel flow calculator.) 
23. repeat 22 until throttle is fully opened. 
24. Slowly close throttle do not allow engine speed to fall below 2800rpm until load falls below 

10%, then reduce further until load is zero. 
25. Switch of brake and control to manual 
26. When load is removed, allow engine to run at tickover speed for 5 minutes. 
27. If the engine speed increases above 5000rpm immediately close throttle – if this 

does not result in a reduction in speed switch ignition off. If this fails to slow engine 
and speed may reach 5500rpm supervisor should press emergency stop. 

 
 
Analysis 
You will be provided with an Excel file containing most of the data required for analysis. You should 
satisfy yourself that you understand the theory used in determining the derived data in the 
spreadsheet. 
 
Add the following columns: 
(Note: Check that the units are consistent, and convert as necessary) 
 

1. Fuel mass flow rate kg/s   
  )/()/( 33 mkgsmVm FFF ρ×= &&  kg/s 
 

2. Air fuel ratio (kg/kg) 

  
)(kg/m)/sm(
)(kg/m)/sm(

33

33

FF

aa

V
V

AFR
ρ
ρ

×
×

=
&

&
 

 
3. Brake specific fuel consumption (kg/kWhr) 

  ( ) kg/kwhr  
kwhr/hr

r)3600(sec/h)(kg/m)/sm( 33

b

FF

P
VBSFC ××

=
ρ&

 

4. Power to exhaust gases kW 
  kg/s )(kg/m/s)(m 33

aaa Vm ρ×= &&  

  ( ) ( ) kW (K)(kg/s)(kJ/kgK) ambexFapeE ttmmcP −×+×= &&  
 

5. Power to coolant kW 
  )/()/( 33 mkgsmVm wcwcw ρ×= && kg/s 

  ( ) kW  (K)(kg/s)(kJ/kgK) ., incoutccwpwc ttmcP −××= &  
 

6. Power supplied in fuel  kW 
  )/()/( kgkJCVskgmP FFF ×= & kW 
 

7. Brake thermal efficiency 

  %100×=
F

b
brake P

P
η  
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Nomenclature 
AFR Air fuel ratio kg/kg 

aV&  Air volume flow m3/s 

aρ  Density of air kg/m3 

am&  Air mass flow rate kg/s 

Fm&  Fuel mass flow rate kg/s 

FV&  Fuel volume flow m3/s 

Fρ  Density of fuel kg/m3 

cwm&  Mass flow rate of coolant  kg/s 

cwV&  Volume flow rate of coolant m3/s 

wρ  Density of water kg/m3 

BSFC Brake specific fuel consumption kg/kwhr 
cpe Specific heat capacity of exhaust kJ/kgK 
cpw Specific heat capacity of coolant kJ/kgK 
CVF Calorific value of fuel kJ/kg 
Pb Brake power output kW 
Pc Power to coolant kW 
PE Power to exhaust kW 
PF Power input from fuel kW 
tamb Air inlet temperature oC 
tc,in Temperature of coolant in oC 
tc,out Temperature of coolant out oC 
tex Temperature of exhaust oC 

brakeη  Brake thermal efficiency  

 
Report 
Students should observe and note the test conditions; in particular they should note any deviations 
from the test procedure, or malfunction of the apparatus.  
 
Show sample calculations for the terms listed in 1-7  above. 
 
Include Figure 1 appropriately annotated. 
 
The report should include graphs of the following parameters against torque for each engine speed 
tested. 
 

1. Brake thermal efficiency 
2. Brake specific fuel consumption 
3. Air-fuel ratio 
4. Pb, Pe, Pcw and PF and (Pb+Pe+Pcw) 
5. Exhaust Temperature 

 
Graphs of volumetric efficiency and torque against  throttle position should also be included.  
Comment on the values obtained and the form of the resulting plots. 
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Module (s) 

B58EE, B58EF–Mech. Eng. Sci. 5, 6 
Year 

2 
Subject 

Fluid Mechanics 
Semester (s) 

1 and 2 
Laboratory Title 
Orifice Plate 

 
Objective 
The method of operation of an Orifice Plate as means of measuring volume flow rate is investigated. 
The Bernoulli Equation will be used to relate the pressure drop across the orifice to the volume flow 
rate through the orifice. 
 
Theory 
As indicated in figure 1 liquid issues from the orifice as a free jet. Fluid approaching the orifice 
converges and the streamlines continue to converge beyond the orifice to the vena contracta, and 
then diverge. 
 

 
 

Figure 1: Schematic of Test Rig 
 

 
The Bernoulli Equation (1) represents energy conservation within an incompressible fluid flow and 
therefore can be used to relate velocity of the flow through the orifice to the pressure within the tank. 
 

constghUP =++ ρρ 2

2
1

  (1) 

 
Equipment 
As indicated in figure 1 the rig consists of a large water tank with a replaceable orifice plate (D = 3.1; 
6.0mm) in one of the walls. The level of the water is kept constant throughout testing and the flow rate 
can be measured using a graduated cylinder and a stop-watch. 
 
Procedure 

1. For a least 3 tank water levels (or pressure heads) measure the volume flow rate through the 
orifice. 

2. Repeat for two different orifice diameters. 
3. Starting with the Bernoulli Equation (1) show that the theoretical volume flow rate can be 

calculated from the pressure head in the water tank: 
 

ghAQth 2=   (2) 
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4. Plot the measured volume flow rate against the theoretical flow rate and determine the 
equation of the best fit linear to the data. 

5. Determine the loss coefficient, Cd and compare with reported values in textbooks or published 
research. 

 
Reference 
“Mechanics of Fluids”, B. S. Massey 
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Laboratory Sheet for the Experiment 
 

Orifice Plate 
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Module (s) 

B58EE, B58EF–Mech. Eng. Sci. 5, 6 
Year 

2 
Subject 

Fluid Mechanics 
Semester (s) 

1 and 2 
Laboratory Title 
Pipe Friction 

 
Objective 
The pressure drop in a pipe flow due to surface roughness is to be investigated for a wide range of 
flow rates that account for laminar, transitional and fully turbulent conditions. 
 
Theory 
The Reynolds number (1) is a dimensionless number which represents the ratio of inertial forces to 
viscous forces within a fluid flow. The Reynolds number for pipe flow is calculated using the pipe 
diameter (D) as the length parameter. When inertial forces dominate the flow is turbulent and similarly 
when viscous forced dominate the flow is laminar. Therefore there exists a critical Reynolds number 
where the flow transitions from laminar to turbulent. For a pipe flow this transitional Reynolds number 
is approximately equal to 2000. 

µ
ρUD

=Re   (1) 

Pressure drop (∆p) over a length of pipe (l) is a function of average fluid velocity in the pipe. In the 
laminar flow range, the pressure drop per unit length is directly proportional to the velocity: 

U
l
p
∝

∆
  (2) 

At higher Reynolds numbers an abrupt increase in the pressure drop is observed in the transitional 
range where it is impossible to define a simple relationship between pressure drop and velocity. At 
higher Reynolds numbers again, where the flow in the pipe is fully turbulent the relationship becomes 
exponential such that: 

2U
l
p
∝

∆
  (3) 

Equipment 
Water is pumped through a long (2m) stainless steel pipe (internal diameter, D = 6.0mm) which has 
two pressure tappings. These tappings are connected to opposite ends of a differential manometer 
which indicates the pressure drop due to pipe friction between the two points. 
 
Procedure 

1. Measure the pressure drop for an extensive range of pipe flow rates. Measure the volume flow 
rate using a graduated cylinder and a stopwatch. 

2. For each test, calculate the Reynolds number (Re) and the head loss due to friction: 

g
phf ρ

∆
=   (4) 

3. Hence determine the friction factor (f) from the Darcy-Weisbach equation: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

g
U

D
flhf 2

4 2

  (5) 

4. Plot the friction factor, f against Reynolds number, Re on a log-log scale for all flow rates. 
5. Determine the critical or transitional Reynolds number. Comment on your results by 

comparing with theory and the Moody diagram on the next page. 
 
Reference 
“Mechanics of Fluids”, B. S. Massey 
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Laboratory Sheet for the Experiment 

 
Pipe Friction 
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Module (s) 

B58EC, B58ED–Mech. Eng. Sci. 3, 4 
Year 

2 
Subject 

Dynamics 
Semester (s) 

1 and 2 
Laboratory Title 

Wheel and Axle Acceleration 
 
Objective: To predict the time taken for a wheel to roll on its axle, down a slope using energy methods 
 
Theory: 
Energy Method 
 
 
 
 
 
 
 
 
 
 

Figure 1. Energy in a rolling wheel 
 
Referring to Figure 1 when the wheel is released from rest and subsequently rolls down the slope, it 
accelerates and hence gains energy. Now for a rolling wheel the kinetic energy has two components, 
translational due to the bodily movement of the mass centre down the slope and rotational due to the 
wheel spin. Now the source of this energy is the loss in potential energy as the wheel moves down the 
slope. If it is reasonable to assume that friction effects are insignificant then no energy is lost. Thus the 
loss in potential energy becomes a gain in kinetic energy. 

 
Hence,  

Loss in potential energy = mgh, is equal to the  (1) 
Gain in kinetic energy = 0.5mv2 + 0.5Iω 2   (2) 

 
where v = velocity of the mass centre down slope (m/sec) 
 ω  = angular velocity of wheel (rad/sec) 
  = v/r, r is the axle radius when rolling 
 I = Polar moment of inertia = mR2/2 
 
 
Applying conservation of energy, equate equations 1 and 2 to derive an expression for the velocity v at 
the bottom of the slope. Using the linear equations of motion, find the expression for time t. Show 
these derivations in your report. 
 
Experiment: 
Using the measured distances (100mm to 500mm, intervals of 100mm) travelled by the wheel and the 
expressions i.e. (1) velocity at bottom of slope and (2) acceleration down the slope, calculate the time 
taken for the wheel to roll down the slope. Compare the calculated values with the experimental data 
 
Discussions: 
Plot a graph of time t2 vs distance s for calculated and experimental data. Explain the discrepancies 
between calculated values and experimental data. Discuss and quantify sources of errors. 

 

 

 

Ød or radius r 

ØD or radius R 

h 

v m/sec 

 After descent 

 Release 

m kg 
I kg.m2 
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Laboratory Sheet for the Experiment 
 

Wheel and Axle Acceleration 
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Module (s) 

B58EC, B58ED–Mech. Eng. Sci. 3, 4 
Year 

2 
Subject 

Dynamics 
Semester (s) 

1 and 2 
Laboratory Title 

Trifilar Suspension 
 
Objective:  
 
To calculate the polar moment of inertia of an assembly and using the result to predict the periodic 
time of a trifilar suspension of the assembly. 
 
Theory: 
 
The moment of inertia of a solid object is obtained by integrating the second moment of mass about a 
particular axis. The general formula for inertia is: 
 
   2mkI g =  
where  Ig  = inertia in kg.m2 about the mass centre 
 m = mass in kg 
 k = radius of gyration about mass centre in m. 
 
In order to calculate the inertia of an assembly, the local inertia Ig needs to be increased by an amount 
mh2. 
 
where m =  local mass in kg 
 h = the distance between parallel axis passing through the local mass centre  
     and the mass centre for the overall assembly. 

 
The Parallel Axis Theory has to be applied to every component of the assembly. Thus 
 
   ( )∑ += 2mhII g  
 
The polar moments of inertia for some standard solids are: 
 
Cylindrical solid  

2

2

0
mrI =  

Circular tube ( )22

2 iotube rrmI +=  

Square hollow section ( )22
sec. 6 iotionsq aamI +=  

 
An assembly of three solid masses on a circular platform is suspended from three chains to form a 
trifilar suspension. For small oscillations about a vertical axis, the periodic time is related to the 
Moment of Inertia. 
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Figure 1. Trifilar suspension 
 
From Figure 1, the equation of motion is: 

 

   0
2

2

2

=+ θθ
L

mgR
dt
dI      (1) 

 

Comparing this to the standard equation (2nd order differential equation) for Simple Harmonic Motion 
(SHM),  

 

   02
2

2

=+ x
dx

yd ω      (2) 

the frequency ω in radians/sec and the period T in seconds can be calculated by: 

 

   
LI

mgR 2

=ω       (3) 

and   22
mgR

LIT π=      (4) 

 
Assuming the general solution for the equation (1) is ( )tωθθ sin= , solve the differential equation (1) 
to obtain equation (3) and use frequency fπω 2=  to obtain equation (4). Show the derivation in your 
report. 
 
Experiment: 
 
A circular plywood platform, as shown in Figure 2, has three solid masses located as shown with 
reference to the centre of the platform. Using a spreadsheet or otherwise devise a tabular method for 
calculating the polar moment of inertia of the platform alone and the assembly.  
 
Measure the length of the chains supporting the platform. 
 
In your case, use apparatus A or the alternative B, and the three radii to be used are: 
 
R1 = ___________ mm for hollow square section; 
 
R2 = ___________ mm for cylinder; 

2 

θ θ 

θ 

1 
3 

O 

1 2 3 

φ 
φ 

φ 

Ø600 

L 
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R3 = ___________ mm for the circular tube. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Assembly details 
 
Using the result of your calculation of inertia to predict the periodic time of the SHM for both the 
platform and the assembly. 
 
Assemble the masses on the platform as specified above and obtain an experimental value for the 
period. Repeat the experiment for the platform alone. 
 
Compare calculated values and experimental data, and explain the discrepancies. Discuss and 
quantify sources of errors. 
 
Discussions: 
Compare the experimental time and calculated time t from equation 4. Determine the %error and 
identify and explain the sources of error. 
 

Plot a graph of time vs 
m
I

 for experimental and calculate data. Comment on the linearity of the 

graphs. 
 
Apparatus Data: 
 
Set A  Set B 
 Mass (kg) Dimensions (mm) Mass (kg) Dimensions (mm) 
Circular platform 2.0 Ø 600 2.7 Ø 600 
Cylinder 6.82 Ø126 5.6 Ø129 
Tube 2.196 78 I/D,  

98 O/D 
1.29 87 I/D,  

102 O/D 
Square Section 2.503 A=100 

t=6 
2.37 A=100 

t=6.5 
 
Density of mild steel, 3/800,7 mkgsteel =ρ . 
 

 
 
 
 
 

R3 
R1 R2 

A 

t 
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Laboratory Sheet for the Experiment 
 

Trifilar Suspension  
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Module (s) 

B58EC, B58ED–Mech. Eng. Sci. 3, 4 
Year 

2 
Subject 

Mechanics of Materials 
Semester (s) 

1 and 2 
Laboratory Title 

Cantilever beam 
 
Objective 
To investigate the relationships between load, bending moment, stress and strain, slope and 
deflection in a cantilever beam. 
Venue and Time 
Location: Mechanical Engineering workshop area.  
Time: Please refer to the timetable and group numbers. 
 
Equipment 
• 1 Bench. 
• 2 G clamps to fix beam to bench. 
• 1 Aluminium cantilever beam (E ≈ 70GPa), with strain gauges top and bottom. The beam will be 

marked at 50 mm intervals on both top and bottom surfaces. 
• 1 Strain gauge bridge amplifier with digital readout in microstrain.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: The bridge amplifier readings is the difference in strain between the top and bottom surfaces of 
the beam.  
• 1 Hanger with weights for loading beam. 
• 1 Dial gauge, on long retort stand.   

Note: dial gauge may read in imperial or metric units – check which you’ve got. 
 
Before you start,  
• Note the serial number of your beam (#1, #2, ...)  
• Measure the beam thickness and width. 
• Measure the distance from the strain gauge to the end of the bench (the built-in end of the 

cantilever). 
Procedure 

1. Clamp one end of the beam to the edge of the bench using the G clamps so that your 
cantilever is 500 mm long.  Place the weight hanger over the free end of the cantilever. 
Position the dial gauge to measure the beam deflection near the free end of the cantilever. 
Weight the end with at least 8 different loads, and for each loading record the strain and the 
deflection due to the applied load. Plot graphs of strain vs. load and deflection vs. load on 
separate sheets of graph paper before going on the next part. 

2. Clamp the beam further along, so that your cantilever is around 400 mm long—the strain 
gauges must not be within 50 mm of the clamped section.  Load the end, and for each loading 

Dial Gauge 

L Load W 

Strain Gauges 

x 
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record strain and deflection.  Plot these results in the same graphs as your previous results 
(one graph for strain, a separate graph for deflection).  Before continuing to the next section, 
calculate the strain and deflection predicted by theory and compare with your results (see 
attached for theory). 

3. Clamp the beam in the vice again so that your cantilever is at least 500 mm long.  Weight the 
end with 2 different loads (e.g. 500g and 1000g), and measure the end deflection for zero load 
and each of the two loads.  There is no need to record strain for these measurements.  
Repeat this process, shifting the position of the dial gauge 50 mm each time so that you 
measure deflection for at least 5 points along the beam.  Plot your results – the beam 
deflection against position along the beam i.e. the deflected shape of the beam – on a single 
set of axes and compare against theory.  

 
Reporting 
The lab report shall contact abstract, introduction, apparatus, theory, method, results, discussion, and 
conclusions. For theoretical background, you must demonstrate that you have done some relevant 
background reading on the subject under study for this experiment. You must present the 
underpinning equations of the principles demonstrated in this lab.  
 
Your report should summarise the relationships between deflection and load, and, strain and load for a 
cantilever beam – using the various experimental data obtained to illustrate the form of the 
relationship.  In particular, you should comment on the errors between theory and experiment. What 
are the potential error sources? (Questions to ask yourself are: whether the Young’s modulus value 
given is accurate for this sample of aluminium, how maximum stress and deflection in a cantilever 
beam scale with the length, breadth, and thickness of the beam and therefore what effect a small error 
in measurements of these values would have).  The report should then assess how your 
measurements agree with theoretical predictions, and provide credible explanations for any 
departures from theory. 
 
For bonus marks take your data from the 3rd experiment and obtain the gradient of deflection against 
position along the beam for each of the two data sets.  Plot these gradients against position in a 
separate graph.  Plot the theoretical curve on this graph in order to compare your results with theory. 
 
Please indicate on your report the date on which you did the experiment and the other members of the 
group you shared the apparatus with. 
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Laboratory Sheet for the Experiment 
 

Cantilever Beam 
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Module (s) 
B58EC, B58ED–Mech. Eng. Sci. 3, 4 

Year 
2 

Subject 
Mechanics of Materials 

Semester (s) 
1 and 2 

Laboratory Title 
Torsion Laboratory 

 
Laboratory handout and laboratory sheet will be available in week 8 of semester 
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Module (s) 

B59EI, B59EJ–Mech. Eng. Sci. 9, 10 
Year 

3 
Subject 

Thermodynamics 
Semester (s) 

1 and 2 
Laboratory Title 

Heat Loss from Pipes 
 
Objective 
 
To find the heat loss, by natural convection, from various pipes by experiment and theoretical 
calculations.  Available are sections of unlagged, lagged and finned pipe. 
 
The results obtained in practice and by theory can be then compared as well as the differences in heat 
loss from the various pipes. 
 
Context 
 
Heat is always lost from hot surfaces in a cold environment (heat is also gained by a cold surface in a 
hot environment).  This experiment investigates the amount of heat lost from a tube with a bare 
surface, an insulated surface and a finned surface.  The finned surface is designed to improve heat 
loss (for example the condenser or evaporator in a heat pump) and the insulated surface is designed 
to reduce heat loss (for example lagging on the pipes and devices in a steam power plant). 
 
Diagram 

T2

T3T4

T6

T5

T1

Water
Heater

Unlagged Pipe

Finned Pipe

Lagged Pipe
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Basic Theory 
 
From the experiment, when it is in steady state, the heat loss from each pipe section can be calculated 
from simple calorimetry. 
 

Rate of heat Loss, ( )p in outQ mc T T= −& &  

    Where m&  = Mass flowrate of water, kg/s 
     cp  = Specific heat capacity  of water, J/kgK 
     T  = Water temperature K 
This heat loss can also be calculated from theory by finding the heat loss by natural convection from 
the surface of the pipe, plus the heat loss by radiation from the pipe. 
 
In its simplest form heat loss by convection, c cQ A Tα= ∆&  
 
αc Heat transfer coefficient for natural convection for 

horizontal pipes 
1
4

1.18 T
d

∆⎛ ⎞⎜ ⎟
⎝ ⎠

 

 
W/m2.K 

d Outside pipe diameter  m 

A Surface area for heat transfer  m2 

∆T Temperature difference Tavge - Tamb  K 

Tavge Average of inlet and outlet temperatures ( )
2

outin TT +  
K 

Tamb Ambient Temperature  K 
 
and heat loss by radiation, ( )4 4

r avg a rQ eA T T A Tσ α= − = ∆&  

 
αr Heat transfer 

coefficient for 
radiation ( ) ( ) ( )( )4 4 2 2. . avge amb avge amb avge amb

avge amb

e T T T T T T
T T

σ
− = + +

−
 

 
W/m2.K 

σ Stefan-Boltzmann 
constant 

 W/K4.m2 

e Emmissivity  - 
 

Note: T must be in absolute units,  i.e. K 
 

Therefore the Theoretical Heat Loss, rct QQQ +=  
 
This theory however can only be applied with reasonable accuracy to the unlagged pipe. 
Complications arise with the finned and lagged pipes. 
 
With the lagged and finned pipe, full theoretical calculation of the heat loss is beyond the scope of this 
experiment at present  
 
Method 
 
Initially, the apparatus will be switched on with a low water flow going through the unlagged pipe only, 
with the thermostat set to 60oC.  When steady state has been reached (steady state being assumed 
when two sets of readings 5 minutes apart are identical), note the inlet and outlet water temperatures, 
water flowrate and ambient temperature.  Repeat the experiment for each pipe configuration. 
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Increase the water flow rate (some multiple of the original flow rate).    Leave to reach a steady state 
and note the temperatures and flow rate. 
 
 
In summary you have to do 2 sets of runs.  Each run consists of steady state conditions for each of the 
three pipe systems. 
 

• Set 1 – High temp and low flow rate 
• Set 2 – High hemp and high flow rate 
 

Some points for discussion 
 
Before outlining some possible points to discuss it is worth remembering that temperature difference is 
the main driving force behind any transfer of heat. 
 
Below are some discussion topics, they are by no means exhaustive. 
 
• The effect of flow rate on heat loss in unlagged pipe.  What is changing, how will it affect heat 

transfer? 
• You are measuring small temperature differences of inlet and outlet water flow.  What is the 

accuracy of temperature measuring instrument, how could this affect your calculations? 
 
Data 
 
Pipe Material      Copper 
Pipe O.D’s      1.27 x 10-2  m 
Pipe I.D’s      0.91 x 10-2  m 
Pipe lengths      to be measured 
Fin diameter      to be measured 
No. of fins      to be counted 
Lagging thickness     to be measured 
Lagging O.D.      to be measured 
Emissivity of Copper    0.78 
Emissivity of lagging    0.9 
Stefan-Boltzmann Constant   5.6688 x 10-8   W/K4.m2 
Specific Heat of water    4.18 kJ/kg.K 
Thermal Conductivity of lagging   1.9x10-2 BTU/hr.ft.oR 
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Laboratory Sheet for the Experiment 
 

Heat Loss from Pipes 
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Module (s) 

B59EI1, B59EJ–Mech. Eng. Sci. 9, 10 
Year 

3 
Subject 

Thermodynamics 
Semester (s) 

1 and 2 
Laboratory Title 

Forced Convection (in a Cross Flow Heat Exchanger) 
 
Introduction 
 
This experiment can be used to investigate heat transfer associated with flow past cylindrical tubes 
either in isolation or in banks of various configurations.  Flow patterns upstream and downstream of a 
bank of tubes can also be investigated. 
 
There is an operator’s manual available for this experiment in which there is a full description of all 
variables that can be investigated. 
 
Context 
 
In semester 1 there has been mention of heat exchangers in a number of power cycles:  the feed 
heating in steam power plant regeneration and the regenerator in the gas power plant.  The majority of 
heat exchangers use banks of pipes.  Pipes have many advantages both in terms of strength (internal 
and external pressure) and manufacture.  This experiment allows students to investigate the heat 
transfer characteristics of air flow across a single tube. 
 
In semester 2, the subject of heat transfer is investigated further including the theoretical 
determination of the heat transfer coefficient from first principles for different geometries. 
 
In the fourth year, the second thermodynamics module investigates the design of heat exchangers. 
 
Objective 
 
To determine the heat transfer characteristics of a cylinder under cross flow conditions when the 
cylinder is isolated. 
 
Description 
 
Figure 1 shows the test section which can contain a bank of 18 removable Perspex rods. Any rod can 
be interchanged with a test rod which consists of a copper cylinder containing a copper - constant 
thermocouple. The heat flow rate from the test rod is found by heating the cylinder in an electrical 
heater, placing it in the desired position in the test section and measuring the cooling rate using a 
chart recorder connected to the thermocouple. 
 
Theory 
 
Considering the heat lost by forced convection form the test rod. The amount of heat transferred is 
given by 
     ( )aQ A T Tα= −& ...........................................(1) 
 
  where Q&  =   rate of heat transfer, W 
   α =   film heat transfer coefficient, W/m2K 
   A =   area for heat transfer, m2 

   T =   temperature of the copper rod, oC or K 
   Ta =   temperature of air, oC or K 
 
so, in any period of time, dt, then the fall in temperature, dT, will be given as :- 
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     pQdt mc dT− =& ...........................................(2) 
  where  m =   mass of copper rod, kg 
    cp =   specific heat of the copper rod, J/kgK 
 
Eliminating Q from (1) and (2) then 

a p

dT A dt
T T mc

α−
=

−
 

since Ta is constant, dT=d(T-Ta) 
 
Integrating gives: 

( ) 1ln a
p

AT T t C
mc
α

− = − +  

at t = 0, T=To, hence C1 = ln(T-To), hence: 

( ) ( )a
p

a TTt
Cm
ATT −+−=− 0lnln α

 

 
Or 

t
cm
A

TT
TT

Pa

a α
−=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−
−

0

ln  

 

Therefore a plot of ln((T-Ta)/(Tmax-Ta))) against t should give a straight line of gradient 
p

A
mc

α−  from 

which the heat transfer coefficient, α, can be found. 
 
To find the velocity of air passing the rod, first the velocity upstream must be found. 
 
From basic fluid flow theory 

  ∆P v= ρ. 2

2  in the air stream 

 and ∆P g h= ρ. .   in the measuring manometer 

therefore    
ρ

ρa
w

v
g h

.
. .

2

2
= ......................................(3) 

  where ρa =   density of air 
   ρw =   density of fluid in manometer 
   v =   mean velocity of air 
   h =   head in manometer 
 
Therefore measuring the air temperature and air pressure the density can be found, 

 
a

a
a RT

P
=ρ  

Where R=289 J/kg K. 
a

w hg
v

ρ
ρ22 =  

if ρw is taken as 1000 kg/m3 and h is measured in m, then 
a

hv
ρ

1.140=  

however the velocity, u, used in heat transfer calculations is normally based on the minimum flow 
area. 

Therefore with the single rod  -  u v
=

10
9

, since  
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Practical forced convection heat transfer relationships are often expressed in the dimensionless form 
Nu = C.Ren.Prm 

 
However for gases, Pr is virtually constant, therefore 
 

Nu = K.Ren 
 

Typical K and n values are (for Pr ≅ 0.7) 
 

Re K n 
3 - 35 0.795 0.384 

35 - 5000 0.583 0.471 
5000 – 50 000 0.148 0.633 

50 000 – 230 000 0.0208 0.814 
 
Method (part a – Figure 1) 
 
Remove all rods from the test section and plug the all holes except one from each side where the test 
rod will be inserted. 
 
After heating the rod for approximately 10 minutes (i.e) until the chart recorder reaches maximum 
deflection; place it in position (a) (see figure 1) and record the temperature - time curve using the chart 
recorder. Do this for, at least, 6 different air flow rates by adjusting the orifice slide on the air outlet 
from between 10% and fully open. After initial heating of the test rod, reheating times between runs 
can be reduced to a few minutes as there will still be a significant amount of residual heat in the rod. 
 
Data  Surface area of copper cylinder = 0.00404 m2 

Mass of copper cylinder = 0.1093 kg 
Specific heat of copper = 0.38 kJ/kg.K 

For a Copper/Constantan thermocouple, 0.041 mV is equivalent to 1oC over the range of temperatures 
expected in this experiment. 
 
Width of working section = 125 mm 
Height of working section = 125 mm 
Diameter of rod  = 12.5 mm 
 

Nu = Nusselt Number, 
k
dα

 

Re = Reynold’s Number,  
ρ
µ

a v d. .
 

Pr = Prandtl Number,  
C

k
p .µ

 

 where d =   diameter of rod, m 
  k =   thermal conductivity of air, W/mK 
  µ =   viscosity of the air, kg/ms 
 
Properties of air 

T µ k  ρ (at 1 atm) 
275 1.725 2.428 1.284 
300 1.846 2.624 1.177 

  x 10-5 (kg/ms) x 10-5 (kW/mK) kg/m3 
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Test Cylinder
part a

Test Cylinder
part b

25 25

25

43.7543.75

DIMENSIONS IN
MILLIMETRES

18 rods , 12.5 dia.
2.0 o.d. x
1.4 i.d.

3 pitches   18.75
Total  56.25

Figure  1  
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Laboratory Sheet for the Experiment 
 

Forced Convection (in a Cross Flow Heat Exchanger) 
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Module (s) 

B59EI, B59EJ–Mech. Eng. Sci. 9, 10 
Year 

3 
Subject 

Fluid Mechanics 
Semester (s) 

1 and 2 
Laboratory Title 

The Centrifugal pump 
 
Experiment: 
 
The Centrifugal pump is a machine used to convert shaft power to pressure energy and is used to 
drive fluids through fluid circuits or pipe systems. The Centrifugal pump is a rotodynamic machine. 
There is a link between the flow rate through the pump and the pressure gained by the flowing fluid. 
The purpose of this experimental programme is to obtain the pump characteristics showing the 
relationship between the pressure rise across the pump and the flow rate through it and the efficiency 
of this process. 
 
The pump can be run as two speeds. For each speed several flow rates through the pump needs to 
be set so that the pressure rise across it and the power consumed by it can be measured. 
 
The flow rate is obtained from the rotameter. The height is read off the meter and converted to a flow 
rate on the chart provided.  
 
The pressure rise across the pump is measured on the differential pressure gauge. 
 
The electrical power to the pump is obtained from the measured voltage and current and using 
 
 VIPs =  
 
The fluid power is obtained from 
 pQPF ∆=  
 
And the efficiency from 

 
E

F

P
P

=η  

  
Analysis 
The analysis should contain at least the following parts:- 
 
For both speeds: 
The maximum operating efficiency 
The specific speed of the machine 
 
Report 
One laboratory report should be produced in the standard format by each person. 
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Laboratory Sheet for the Experiment 

 
The Centrifugal Pump 
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Module (s) 

B59EI, B59EJ–Mech. Eng. Sci. 9, 10 
Year 

3 
Subject 

Fluid Mechanics 
Semester (s) 

1 and 2 
Laboratory Title 

The Pelton Wheel 
 
Experiment: 
The Pelton Wheel is a machine used to convert pressure energy to shaft power, which could be used 
to drive an electric generator. The Pelton Wheel consists of a number of blades, sometimes called 
buckets, that are struck by a fluid jet to create rotational motion. The purpose of this experimental 
programme is to obtain power output data in terms of rotational speed for a fixed inlet condition. This 
relationship should be compared on a graph with the experimental data obtained showing where the 
maximum efficiency should occur. 
 
The upstream pressure of the water approaching the wheel is set using the Bourdon gauge. A value of 
40psi is typical. The velocity of the water jet approaching the wheel can be found from 

 
w

P2U
ρ

=  

The flow rate should be set using the venturi meter. A flow corresponding to 18 inches of Mercury on 
the differential manometer is reasonable. The pressure drop across the venturi meter can be found 
from 
 ( )ghp wm ρ−ρ=∆  
And the flow through the venture from 

 

12
t

t
w

v A
A

1Ap2CQ
−

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛
−

ρ
∆

=  

The venturi meter has an upstream diameter of 76.2 mm, a throat diameter of 41 mm and a velocity 
coefficient of 0.921. 
 
The rotational speed can be altered by adding mass to the band break, 1 kg at a time is typical. NB: 
The weight hanger has a mass of 1.9 kg. The tension in the band break is the difference between the 
applied weights and the spring balance. The break torque can be found from 
 
 ( ) BRSWT −=  
 
The wheel radius is 0.168 m. The rotational speed can be measured by the rev counter. The  output 
power can be found from 
 
 ω= TP  
 
Analysis 
The analysis should contain at least the following parts:- 
 
A derivation of the Pelton Wheel relationship 

   ( )θ−⎟
⎠
⎞

⎜
⎝
⎛ ω
−

ω
=η cos1

U
R1

U
R2  

The blade radius is 0.124 m and the blade angle is about 165o. 
 
Report 
One laboratory report should be produced in the standard format by each person. 
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Laboratory Sheet for the Experiment 
 

The Pelton Wheel 
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Module (s) 

B59EI, B59EJ–Mech. Eng. Sci. 9, 10 
Year 

3 
Subject 

Fluid Mechanics 
Semester (s) 

1 and 2 
Laboratory Title 

The Francis Turbine 
 
Experiment: 
The Francis Turbine is a machine used to convert pressure energy to shaft power, which could be 
used to drive an electric generator. The Francis Turbine is a reaction turbine. It consists of  a 
stationary vane that guides the fluid into a rotor. As the fluid moves through the turbine there is an 
interaction between the fluid pressure and velocity as the machine, which runs full of fluid, generates 
power. The purpose of this experimental programme is to obtain power output data in terms of 
rotational speed for a fixed load and hence to deduce the maximum efficiency of the machine. 
 
The load on the machine should be set. The load carrier has a mass of 1.9 kg, a further 15 kg should 
be added. The flow rate to the machine should be altered so that the inlet pressure changes. For inlet 
pressures between 10 and 20 psi, the change should be 1psi, otherwise it should be 2 psi. The 
maximum pressure should not exceed 47psi. At every inlet pressure setting, readings should be taken 
of the volume flow rate through the machine, the exit pressure, the angular velocity and the force on 
the spring balance.  
 
The flow rate should is obtained from the venturi meter. The pressure drop across the venturi meter 
can be found from 
 
 ( )ghp wm ρ−ρ=∆  
 
And the flow through the venture from 
 

 

1 222 1 t
v t

w

ApQ C A
Aρ

−
⎡ ⎤∆ ⎛ ⎞= −⎢ ⎥⎜ ⎟

⎝ ⎠⎢ ⎥⎣ ⎦
 

 
The venturi meter has an upstream diameter of 102 mm, a throat diameter of 66.7 mm and the 
velocity coefficient is 0.92. 
 
The tension in the band break is the difference between the applied weights and the spring balance. 
The break torque can be found from 
 
 ( ) BRSWT −=  
 
The wheel radius is 0.179 m. The rotational speed can be measured by the tachometer. The  output 
power can be found from 
 
 ω= TP  
 
Analysis 
The analysis should contain at least the following parts:- 
 
The maximum operating efficiency 
The specific speed of the machine 
 
Report 
One laboratory report should be produced in the standard format by each person. 
 



 66

Laboratory Sheet for the Experiment 
 

The Francis Turbine 
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Module (s) 
B59EG, B59EH–Mech. Eng. Sci. 7, 8 

Year 
3 

Subject 
Dynamics 

Semester (s) 
1 and 2 

Laboratory Title 
One Degree of Freedom Vibration Experiment - Free & Forced Response 

 
1. Introduction 

In this experiment a beam is pivoted at one end and is supported by a spring and a viscous 
damper placed along its length as shown in figure 1. The system is excited by an electric 
motor driving a pair of unbalanced discs. The linear displacement of the end of the beam is 
measured by an L.V.D.T. and the rotational speed of the unbalanced discs is obtained from a 
magnetic sensor. The aim of the experiment is to determine the mass moment of inertia of the 
assembly about the pivot, the value of the spring constant, K, and the rate of the viscous 
damper C. These experimental values will be validated finally by a simple frequency response 
test. 
 

a
d

b

f

L

KC

d mfd mc

 
Figure 1 Sketch of Apparatus 

2. Theoretical Considerations 1 
The equation of motion for this system is: 

tbmeKdCaIo ωωθθθ sin222 =++ &&&    (1) 
where Io is the mass moment of inertia of the assembly about the pivot 
 C is the damper rate 
 K is the spring stiffness 
 m is the unbalance mass 
 e is the eccentricity of the unbalance mass 
 θ  is the angular displacement of the beam. 
All other symbols are defined in figure 1 
(Note: 
Your report should show how this equation is obtained.) 
The system natural frequency of this system may be defined from equation (1) as: 



 68

o
n I

Kd 2
2 =ω      (2) 

and 

n
nn T

f ππω 22 ==     (3) 

where fn is the natural frequency in Hz and Tn is the natural period of oscillation. Then 

on I
Kd

T

2

2

24
=

π
 

whence 

on I
Kd

T
2

2
2 4π
=     (4) 

The mass moment of inertia of the assembly about the pivot may be considered to be the sum of the 
mass moment of inertia of the beam, the mass moment of inertia of the fittings (treated as point 
masses) and the mass moment of inertia of any additional masses at the end of the beam (also point 
masses) about the pivot. i.e. 

22
2

3
fmbM

LM
I fdrive

beam
o δ++=    (5) 

The first two terms in equation (4) are constant and may be called Iass: 

2
2

3
bM

LM
I drive

beam
ass +=  

Then 
2fmII fasso δ+=      (6) 

Substitution of equation (6) into equation (4) results in 

 [ ] assffassn I
Kd

m
Kd

ffmI
Kd

T
2

2

2

22
2

2

2
2 444 πδ

π
δπ

+=+=  (7) 

Questions: 

If a graph of 2
nT  vs δm were to be plotted, what shape would it be? 

How could you use this information to extract the spring stiffness K and the mass moment of 
inertia of the assembly Iass from the graph? 
 
3. Experiment 1 
Determine the system natural frequency, and hence the natural period Tn, for a range of masses δmf 
attached to the beam at location f by adjusting the speed of the drive until a resonant condition is 

observed. Plot a graph of 2
nT  vs δmf and hence estimate the value of K and of Iass. Check your value 

of Iass from your knowledge of the mass of the rod and its fittings. Assume that the rod is made of mild 
steel with a density of 7850 kg/m3. 
4. Theoretical Considerations 2 
The damping ratio ζ may be determined by several techniques. In this laboratory the logarithmic 
decrement method will be used to obtain an estimate of the damping.  
 
4.1 Logarithmic Decrement 
The logarithmic decrement technique is illustrated by figure 2 and theoretical notes on how it is 
developed are available in the third year course notes or in the course text book (W.T. Thomson) 
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Figure 2 

The damping ratio is obtained from measurements of x(1) and x(n+1) followed by substitution into: 

  
( )

( ) 21

2
1

1

ζ

πζ

−
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

n
nx
xLn      (8) 

4.1.1 Experiment 2 
Use the apparatus provided to generate a ring-down curve similar to figure 2 and hence obtain 
an estimate of the damping ratio ζ  using equation (8) and hence determine the damper rate C. 
 
6. Validation 
6.1 Experiment 3 
With arbitrary loads (suggested by the lab supervisor) placed at positions b and f calculate the 

damped natural frequency of the system ( 21 ζωω −= nd ). Use the apparatus provided to 
verify your calculated value. 
 
B5.9EG1/EI2 Lab Marking Scheme – 1 degree of freedom 
 
Item Marks Awarded 
Proper derivation of equations of motion 3  
Description of apparatus 1  
Description of experiment, how to perform 
measurements resulting in a straight line 
graph, theoretical derivation of this 

3  

Results 3  
Experimental and theoretical Estimates of Io, 
Do they agree? Estimates of stiffness k , 
damping ratio ζ and damping constant C 

2  

Error analysis 2  
Use of experimental system model to confirm 
final resonant test  

2  

Discussion, reasons for errors etc., why is final 
test so accurate? 

4  

   
   
Total 20  
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One Degree of Freedom 
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Module (s) 

B59EG, B59EH–Mech. Eng. Sci. 7, 8 
Year 

3 
Subject 

Dynamics 
Semester (s) 

1 and 2 
Laboratory Title 

Design and Construction of a Dynamic Vibration Absorber 
 

1) Introduction 
In this experiment a vibration absorber will be designed to reduce the pitch vibration of the 
balancing rig to zero when it is excited at its natural frequency in pitch. It will be necessary to 
develop a mathematical model of the system to which end a knowledge of the system mass, 
inertia and stiffness properties will be required. 
 

2) Mass and stiffness properties 
To obtain the mass and stiffness properties experimentally the following procedure should be 
followed. Adjust the speed of the driving wheel until a resonant condition in heave (vertical 
motion) is observed and measure the associated frequency fn1 using the HP frequency 
analyser. Add a known mass δm to the frame using the weight carrier and repeat the above 
procedure measuring a new resonant frequency fn2. Then because there are four springs, 
theory gives: 
 

  
M
Kfnn

42 11 == πω     (1) 

Where K is the (unknown) spring stiffness and M is the (unknown) frame mass 

And  
mM

Kfnn δ
πω

+
==

42 22    (2) 

From (1) 
  KMfn 44 2

1
2 =π  

Substitute in (2) 
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Mf
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n

n δ
π

δ
π

π
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=
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= 1

2
1

2

2 2
4

2  

Thus 

  
mM

Mff nn δ+
= 12     (3) 

Equation (3) can be solved for M and substitution into either (1) or (2) leads to an estimate of 
K. 
 

3) Pitch frequency measurement and mass moment of inertia estimation 
In this case we need to know the mass moment of inertia about the pitch axis of the 
apparatus. Carefully adjust the speed of the driving wheel until a resonant condition about an 
axis parallel to the driving wheel axis is observed. This is motion about the pitch axis. Note the 
approximate location of the pitch axis. Using the frequency analyser measure the frequency of 
pitch oscillations fnp and note the setting on the speed controller device. Theory tells us that: 

   
P

npnp I
Kf 22 == πω    (4) 

Where IP is the mass moment of inertia of the apparatus about the pitch axis which can be 
obtained from a solution of equation (4). 
 

4) Check on the mass moment of inertia estimates 
In order to give confidence in our calculations so far it is useful to estimate the mass moment 
of inertia of the apparatus from physical measurements of its dimensions. Measure the 
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dimensions of the angle iron frame upon which the apparatus is based and assuming a 
density ρ of 7850 kg/m3 calculate the mass of the frame, Mf. Subtract this mass from that 
measured in part 2 to obtain the mass of the motor and driving wheel combined, Mmd and 
assume that this is equally located on either side of the pitch axis observed in part (3). If it is 
assumed that the pitch axis passes through the centre of gravity of the frame, the mass 
moment of inertia about this axis may be approximated from: 
 

2
2

22
2

122212
bM

LM
b

M
b

MLM
I md

fmdmdf
P +=++=  

Where L is the length of the frame and b is half the distance between the axis of the motor and 
the axis of the driving wheel. Compare this value with that obtained in part 3 
 

5) Design of the dynamic absorber 
The vibration absorber will be designed to absorb vibrations at the natural frequency in pitch 
which you measured in part 3. Referring to the book by W.T.Thomson, “Vibration theory with 
applications” show that this means that the natural frequency of the absorber standing alone 
must be the same as the frequency which you are trying to absorb. Your report should show 
this. 
The absorber will be constructed from the two steel rules attached to the underside of the 
apparatus to act as the spring elements of the absorber and from the mass carriers as its 
mass elements. From your notes in term 1 you will see that the stiffness of a cantilever beam 
may be approximated by: 

   3

3
l
EIkb =  where E is Young’s modulus for the cantilever =207 

GN/m2, I is the second moment of area of the cantilever cross section and l is the length of the 
cantilever from its root to the added mass. Also from the notes we have an expression for the 
natural frequency of a mass on a light beam: 
 

    3

3
lM

EI

a
n =ω  where Ma is the added mass. 

Thus our vibration absorber design requires: 

   3

3
lM

EI

a
np =ω .   (5) 

Measure the dimensions of the cantilever beam and calculate the second moment of area of 
its cross section. Then select a combination of Ma and l which solves equation (5) with the 
restriction that the value of Ma shall be no greater than 2% of the overall mass of the 
apparatus which you determined in section 2. 
 

6) Install the absorber and tune it until the optimum response is obtained 
 
 
7) Points for discussion in your report 

a) Explain any differences between the predicted absorber performance and those 
required for optimum performance. 

b) Is symmetry of the absorber locations important? Explain. 
c) What is the effect of de-tuning? 
d) What are the advantages and disadvantages of using a device such as this to remove 

unwanted vibrations? 
 
B5.9EG1/EI2 Lab Marking Scheme – Vibration Absorber 
 
Item Marks Awarded 
Proper derivation of equations of motion 
showing how absorber works 

3  

Description of apparatus 1  
Description of experiment.   4  
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Estimation of strut length (l) strut second 
moment of area (I) and mass (Ma) of absorber 

3  

Results including reduction in db(V) of vibration 3  
Error analysis 2  
Discussion, reasons for errors etc. 4  
   
   
Total 20  
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Laboratory Sheet for the Experiment 
 

Vibration Absorber 
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Module (s) 
B59EG, B59EH–Mech. Eng. Sci. 7, 8 

Year 
3 

Subject 
Dynamics 

Semester (s) 
1 and 2 

Laboratory Title 
Two Degree of Freedom Forced Vibration - Shear Building Model 

 
1 Introduction 
In this experiment a two storey steel framed structure is modelled as a two degree of freedom system. 
Framed structures have a number of degrees of freedom, each one being associated with a distinct 
frequency and associated vibration mode shape. The relative importance of each of these is 
determined by the frequency content of any external excitation (earthquakes, traffic, internal 
machinery etc.) which is present at the location of the structure. Usually the design is such that only a 
small number of vibration modes of the structure are important. Consequently a simple two-degree of 
freedom model, such as that illustrated in figure 1, demonstrates many of the significant features of 
such a structure. 

   

k2

k1

M2

M1

  
x2

x1

 
Figure 1 Shear Building Model 

 
2 Theoretical considerations 
By drawing free body diagrams for each of the masses M1 and M2 and applying Newton’s second law 
to each of the masses it is possible to obtain the equations of motion for each mass. 

  
( )

( ) 0
sin

12222

2
1221111

=−+
=−−+

xxkxM
tmexxkxkxM

&&

&& ωω
   (1) 

If only the natural frequencies and mode shapes for this system are of interest it is necessary simply to 
consider the equations of motion for free vibrations in which case the left hand side of the first of 
equations (1) may be set to zero. If the free vibration response is assumed to be sinusoidal such that 
  tXx ωsin11 =  tXx ωsin22 =  
which gives 

  2,1
2

2,1
2

2,1 sin xtXx ωωω −=−=&&  

Then the frequency equation for this system may be found by evaluating the determinant of the 
equations of motion to be 

  ( )[ ] 021
2

21221
4

21 =+++− kkMMkMkMM ωω  (2) 
Equation (2) is a quartic in ω but with no odd powers of ω. It can be solved by making the substitution 
λ = ω2 to produce a quadratic in λ which will yield the two natural frequencies of the system. 
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Note 
The theoretical section of your report should show how equations (1) and (2) are obtained. As a 
guide you may wish to study (but not copy because it gives a slightly different system as an 
example) the course textbook, Theory of Vibration with Applications (ref Chap 5 in 4th edition) 
 
3 Practical considerations 
In order to use equation (2) in this experiment a knowledge of the spring stiffnesses and the system 
masses is required  
 
4 Experiment 1 
Estimate the masses M1 and M2 assuming that the plates are manufactured from mild steel of density 
7850 kg/m3. Include in the value of M1 an allowance for the motor and motor base plate (written on 
these elements) 
 
5 Experiment 2 
Use the apparatus provided to obtain a load/deflection curve for both the upper and lower set of struts. 
Hence determine the spring stiffness for both sets of struts. For a single strut of the type used in this 
experiment which is assumed to be built-in at both ends the theoretical stiffness is 

    
3

12
L
EIk =  

where E = 209 x 109 N/m2 and I is the second moment of area of the strut section. Calculate the 
theoretical stiffnesses and account for any differences between these values and your experimental 
values. Note that in each case the theoretical stiffness for each storey should be greater than the 
corresponding experimental values. Explain this last remark. 
 
6 Experiment 3 
Use the apparatus provided to determine the system natural frequencies. This is most easily achieved 
by adjusting the speed of the motor until a resonant condition is observed at which point the motor 
speed (in rev/min) should noted. (Remember that there are two such conditions). At each resonant 
condition note and comment on the oscilloscope traces paying particular attention to their phasing. 
 
7 Experiment 4 
Using your estimates of masses M1 and M2 obtained in experiment 1 and the experimental values of 
stiffness obtained from experiment 2, solve equation (1) to determine the theoretical values of natural 
frequencies. Compare these values with the experimental values obtained from experiment 3. Why 
are the theoretical values so different from the experimental values? 
 
B5.9EG1/EI2 Lab Marking Scheme – 2 degree of freedom 
 
Item Marks Awarded 
Proper derivation of equations of motion 3  
Description of apparatus 1  
Description of experiment, how to perform 
measurements resulting in straight line graphs.  

4  

Results. Do measured and calculated natural 
frequencies agree? 

3  

Experimental and theoretical estimates of strut 
stiffnesses, do they agree? Estimated values of 
masses. 

3  

Error analysis 2  
Discussion, reasons for errors etc. 4  
   
   
Total 20  
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Laboratory Sheet for the Experiment 
 

Two Degree of Freedom 
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Module (s) 

B59EG, B59EH–Mech. Eng. Sci. 7, 8 
Year 

3 
Subject 

Mechanics of Materials 
Semester (s) 

1 and 2 
Laboratory Title 

Finite Element Modelling and Design Exercise 
 
These labs form a part of the continuously assessed part of the module in the form of a project and 
hence there is no separate laboratory in this subject. Two main themes of these projects are: 
 
1) Finite Element Modelling 
 
2) Design of Engineering Components involving thermal or creep effects and/or composite materials. 
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APPENDIX D 
 

Submission Policy 
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Appendix E 
 

Plagiarism Policy 
 

 



 86

 
 

 
 
 
 



 87

 
 

 
 
 
 
 



 88

 
 

 


