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Introduction

An Engine dynamometer (dyno) is a device that generally uses one of two methods to measure the
performance output in terms of both power and torque, whilst also measuring a range of other inputs
and outputs, depending on the dyno itself and the engine. For instance, a carburetted engine will only
have a few measurements available to measure due to a lack of ECU (Engine Control Unit), whereas
the latest engine management systems will be able to give feedback on along list of parameters, from
fuel pressure, to lambda (air fuel ratio) and beyond.

The two main types of Engine dyno are the water brake type which uses water as resistance to the
torque output of the engine, and Eddy current type, which transfers the torque into heat via a
magnetic coil situated about a toothed rotor as shown in Fig 1.
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Fig 1. (Moodle.uwtsd.ac.uk, 2020)

This report will study the raw data retrieved from an eddy current dyno, and from there a host of more
useful data can be extrapolated, such as engine power, Brake Specific Fuel Consumption (BSFC), Brake
Thermal efficiency (BTE) and Brake Mean Effective Pressure (BMEP). This data will show how efficient
an engine is at all loads, and, by looking at this data one can conclude not only the health of an engine,
but how to increase efficiency and performance in the future. It is important to not only increase the
power for motorsport, but also the BSFC as this will allow the same performance, or better for less
fuel at any given engine load and speed. Any increase in this parameter alone will pay huge dividends
due to reduced fuel weight of a vehicle, longer intervals between pit stops, and to meet tighter
regulations on emissions imposed by ruling bodies.

The engine to be tested in this report will be a Honda D16v3 4-cylinder 1.6 litre (1600cc) single
overhead cam with 4 valves per cylinder with VTEC (Variable Valve Timing and Lift Electronic Control).
The engine is not a performance model so predictions for this engine would be a modest output in
terms of both torque and power with a fairly high efficiency according to the BSFC. The torque
produced should be fairly flat with an increase in the midrange from lower engine speeds, and then a
slight tail off at the higher rpm range. The power, due to a lack of forced induction should be fairly
linear, increasing from the lower end of the rpm range, then tailing off at the top end as the peak
efficiency of the cylinder head is reached and surpassed. Although this report calls for the power and
torque to be recorded in metric values, these values will also be converted to imperial units as a sanity
check as this will confirm if the output is correct as if the two outputs are put on the same scale against
rpm in a graph then the torque and power will intersect at 5252rpm if recorded correctly due to the
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calculation used to measure power from the torque and rpm of an engine: hp=torque x rpm/5252
(Bell, 1997). If this happens then it can be taken that other readings and calculations are correct. The
industry as a whole in the world also uses the imperial system, therefore giving more meaning to the
results.




Experimental Procedure

The equipment used to carry out the test were:

1 x Schenk dynamometer

1 x Honda D16v3 Engine

2 x Apicom DSG torque arms

1 x mass of 20.45 kg

1 x computer with 3 screens, DataQ Pro software, keyboard and mouse

2 x rotary dials toincrease dyno load and engine rpm independently

It is important to note that the engine and the dynamometer are situated in a separate cell from the
computer and associated paraphernalia, with a window placed between the two so that visual
checks can be carried out during the test. The separation is for both noise and health and safety
reasons, separating the user from harm via a thick wall and window.

The first step of the test was to calibrate the dyno. This is done by attaching the torque arms to the
dyno, one on each side to counter each other. The mass is then attached to the arm which place
load onto the dyno in the same direction of travel as the rotation of the engine. Once the mass is
attached the torque output calculated from the readings taken at the load cell on the dyno is
recorded using the computer. This is then checked against the mass multiplied by the length of the
torque arm to calibrate the system. In this case the arm is 815.776mm in length and the mass is
20.45kg. The torque recorded by the computer was 163.66NM. Torque is calculated by multiplying
the load by the distance from the fulcrum, this would be 20.45x9.81 (load is subject to gravity)
multiplied by 0.815776 (distance in metres) which gave 163.656NM which is correct when rounded.

With the dyno now ready to be used the mass is removed from the torque arm and the dyno cell
door is closed separating the user from the cell except for the computer controls and the window.

A ‘sweep’ test is carried out at this time, which, according to parameters set by the user, runs the
engine from one set rpm level to another (in this case 1000rpm to 5500rpm) at a set ramp rate,
recording at set rpm intervals (every 50 rpm in this test) to give results across the board at each rpm
level specified. The DataQ Pro software has this ability built in, requiring the user to define a few
parameters to start the test (Dsgroup.uk.com, 2020). The dyno, working with the computer software
then controls both the load output of the dyno against the rpm input of the engine at 100% throttle
(Wide Open Throttle or WOT) to create a sweep of the designated rpm range. The dyno increases
the load at each point in the rpm range until the load is overcome by the engine, this gives the
torque reading at each specified rpm point, from which other calculations are made to extrapolate

power output etc...

The raw data received was the Load in N, the Engine Speed in RPM and the Fuel Flow Rate in |/min.
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Graph1 Torque and BSFC (Y axis) vs Engine speed (X axis)
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Graph2 Engine power and Torque (Y axis) vs Engine speed (X axis)




Analysis

As can be seen from graph 2, once the metric power and torque data is converted to Imperial the lines
do indeed cross at 5252rpm, proving that the data received and calculated is sound (Glucker et al., 2020).
The BSFC is shown on the graph and in the table as g/kWh instead of the requested kg/kWh (Mdpi.com,
2020), the reason for this is twofold, firstly, from research, the industry standard is g/kWh, making
comparison to real world results far easier, and also, it allows the data in graph 1 to be read more
easily in the same scale.

The engine itself is a rare one (D16v3), seemingly only available in remote areas of Eastern Europe
with little data available for comparison. There are other Honda engines which are similar however,
and these units and their data would suggest that the test engine has endured a lot of wear and is not
running efficiently. The D16 engine is rated at between 77-96 KW power with between 135-145 Nm
(Engineswork, 2020) whereas this engine produced peak figures of only 50KW and 111 Nm.

All calculations made to create table 1 were taken from the booklet handed out and made available
on Moodle (Moodle.uwtsd.ac.uk, 2020) with the exception of the conversion to Imperial units.

The corrected figures are present to account for the atmospheric conditions at the time and place of
the dyno test, this gives the results more weight when comparing to other tests.

Several units had to be researched:
The specific gravity of fuel (Sunoco Race Fuels, 2020) to calculate the BSFC.

The Calorific Value of Petrol (known as motor spirit) to calculate Brake Thermal Efficiency (BTE)
(GOV.UK, 2020)

During research into BTE figures for motor vehicles an equation was given (Moodle.uwtsd.ac.uk, 2020)
however, it was decided to use other methods to correlate this answer, as used by others in the field
so another equation was found:
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BrakePower (kW) x 3600

Nm(%) = =+ % 100

FusiFiow 2] x CalorificValue
(Dergipark.org.tr, 2020) which worked
according to expected results of between 25-40% efficiency (X-engineer.org, 2020).

The BMEP should be at its highest when peak torque is reached (Bell, 1997), this is a true indication of
the efficiency of an engine, this is borne out by reading across Table 1 at peak torque, which is
generated at 2700 rpm. This correlates exactly with the peak BMEP figure, proving the calculations
are correct. Average BMEP readings are in the region of 130-145 psi (Bell, 1997), by converting KPa to
psi in any given cell gives us figures consistent with this: at 2600 rpm the BMEP is 880 KPa which
converts to 127.6 psi, which, given the fact that this engine seems to be low on expected power and
torque would support this.

The BSFC vs Torque graph is interesting in that they seem to almost mirror each other, indicating that
the maximum torque of an engine is indeed its most efficient area of operating. This makes sense as
this is where it is producing the most turning force. The BSFC then dies away at either side of the peak
torque figure.
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Graph3. (X-engineer.org, 2020)

Graph 3 represents the same phenomenon in a different manner, as torque increases so the BSFC
figures decrease, denoting a more efficient combustion process. In this case it is showing how to make
the best use of BSFC and torque with gearing.
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Conclusion

The results indeed showed that the torque and power were as expected from this type of engine. This
is due to the fairly flat torque curve, this is a result of a few factors, firstly this is a naturally aspirated
(NA) engine subject to only atmospheric pressure (14.7psi at sea level is 1 bar, the standard for
atmospheric pressure on earth), it is also a low rewving, economy-based engine. In general, with NA
engines the amount of airflow available through the cylinder head will denote whereabouts in the rev
range the maximum torque will occur. The VTEC in this engine will aid even further, using its
combination of variable valve timing and camshaft profiles to boost the lower end of the torque range
by using 8 valve levels of airflow and increasing the top end torque by engaging the VTEC to create
16v levels of torque further up the range (Hondalists.blogspot.com, 2020). This would indicate that for any
given maximum torque level possible from an engine it is desirable to increase the torque either side
of the peak by decreasing the BSFC either side of its lower point to flatten out the torque curve, this
gives the best overall performance for the engine as power is a result of torque and engine speed.
Therefore, with a similar torque figure throughout the range the power will increase with engine
speed in a linear fashion until the breathing capabilities of the cylinder head are overcome and as the
torque is maximised at each point either side of the peak torque, then the maximum possible power
is extracted from the engine at any given rpm point.

With the correct research one can create a complete dyno table and graph from the raw data using
only a few initial parameters and then verifying these results against other results and figures from
other sources. The results show how the torque and BSFC are linked, showing that as the engine speed
isincreased beyond the maximum torque figure, so the BSFC deteriorates. This is due to a less perfect
combustion efficiency due to all manner of factors from combustion chamber type, to port lengths,
shapes and volumes, to camshaft profiles etc...

12




Evaluation

The test went as planned, there was little room for error as the software in the computer controlled
the sweep of the dyno and the whole process was overlooked by the technician. There is little that
could have been changed from this. It would have been preferable to have completed the test from
start to finish as a solo test but due to time and scheduling constraints this was not possible.
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Further Work

If this test were to be repeated then there are a few things that could be improved upon for more
ongoing information and better results to prove more theories:

Multiple Engines: It would be interesting to compare different engines to the one on the stand,
something designed for performance use to see how the torque and power figures differ for different
applications. It would also be beneficial to see how forced induction in the form of a supercharger or
turbocharger would affect the outcome of the tables and charts.

Mappable ECU: Another interesting option would be to implement a mappable ECU into the test. This
could show how changing fuelling and ignition tables affects the power, torque and efficiency of an
engine, and how switching between maps on the fly could give one engine different characteristics
depending on the situation the driver finds themselves in. One could alter the BSFC about the peak
torque figure to give different readings, backing up the claims and findings of this report.

Different Fuels: With different fuels of different octane levels, from low octane fuels available in
poorer countries through to motorsport specific fuels high in chemicals such as Toluene
(Vonkdevelopment.com, 2020) one could compare the effects of different calorific values of fuels on the
BSFC, Torque and power outputs of an engine, along with other information, such as the effects of
octane levels on the cooling effect of the charge and resultant BMEP of the engine with different
octane levels.

Engine dyno vs Chassis dyno: If available, it would make sense to compare the readings collated in this
test vs readings when the engine is installed in a vehicle with all of the ancillaries and transmission
attached, the results would give more understanding to how much efficiency is lost once an engine is
installed into a vehicle, and what changes could be made to reduce any losses.

Engine Dyno vs Real world: The ultimate test here is to correlate these results against real world
results. As good as any dyno, engine or chassis, is, the results cannot be expected to be correct until
validated with real world results. It is extremely difficult to replicate the conditions and airflow of the
real world in a dyno cell.
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FINAL GRADE GENERAL COMMENTS
Instructor

PAGE 1

PAGE 2

PAGE 3

QM Chapter numbering | & Skills Prof P

Technical reports need to have numbered chapters e.g 1.0 Introduction, 2.0 Research, 2.1
Background etc

QM Citation Needed | == Literature
Cite Source:
Please use the link below to find links to information regarding specific citation styles:
http://www.plagiarism.org/plag_article_citation_styles.html

@ Comment1

Nice Greig!

QM Images need labelling | g Skills Prof P

Images should be labelled, 'Figure 1: Title (citation)' above the object, and then be referred to
accordingly in the body of the text.

Additional Comment

Needs a title too.

QM Citation Needed | == Literature
Cite Source:
Please use the link below to find links to information regarding specific citation styles:
http://www.plagiarism.org/plag_article_citation_styles.html
Additional Comment

Handout?



@ Comment2 | & Kau

Nice! | don't think anyone else has said that!

’ Comment 3

Good, some students have done the conversion but not explained why.

PAGE 4

@ Comment4 | & Skills ProfP

as a whole in the world?!

PAGE 5

’ Comment5 | & Practical

Nice, love a list, be good to link this up to some images to help orientate the reader.

QM Justify text both sides of the page | :# Skills Prof P

, Comment6 | & Practical

Images would be good.

QM Citation Needed | = Literature
Cite Source:
Please use the link below to find links to information regarding specific citation styles:
http://www.plagiarism.org/plag_article_citation_styles.html

, Comment7 | g Practical

Good.

PAGE 6

QM Results | = Skills Prof P

Results chapter should only include the raw data from your experimental procedure and the spread
sheet should go into your Analysis chapter.

PAGE 7

PAGE 8

i Comment 8

—_ . ~



Blank page’

PAGE 9
QM Axis need units | & Cognitive
Additional Comment
Shame Greig!
QM Axis need labelling | s Cognitive
Otherwise they are meaningless
PAGE 10

@ Comment9 | :F Skills ProfP

'Discussion’ Chapter.

, Comment 10

Nice.

@ Comment11 | & Cognitive

Nice. | like your speculation, maybe a little quote on deterioration of engine with use might be good.

PAGE 11

, Comment12 | & Cognitive

Ok, nice.

’ Comment13 | = Cognitive

Nicel

@ Comment14 | = Cognitive

To get the very highest marks, | would have liked a set of curves for the same parameters, for this
engine or a similar one.

PAGE 12

, Comment 15 | == Literature

Lovely, all the same citation?



PAGE 13

PAGE 14

@ Comment16 | = Kau

Lovely suggestions here, different fuels is a fun and easy idea. My preference would be to simply
rebuild it and see how it does.

PAGE 15

, Comment 17 | == Literature

Please go to the library and get some engine books out Grieg, | know you will get a lot more out of
them.



RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE

0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%
(0)

EXCEPTIONAL 80-
100%

©)

K&U

Little or no evidence of reading. Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.

Poor engagement with essential reading. No evidence of wider reading. Reliance on
inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information
gained through class contact. Inconsistent and weak use of referencing.

Engagement with a limited range of mostly relevant and credible sources but with some
reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.

Engagement with an appropriate range of literature, including sources retrieved
independently. Some over-reliance on texts rather than other sources. Referencing may
show minor inaccuracies or inconsistencies.

Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources. Generally sound referencing, with no/very few
inaccuracies or inconsistencies.

Engagement with an extensive range of relevant and credible literature. Consistently
accurate application of referencing.

Exceptional engagement with an extensive range of relevant and credible literature. High-
level referencing skills consistently applied.

0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%

Major gaps in knowledge and understanding of the basic underlying concepts and
principles of the subject matter. Inclusion of irrelevant material. Substantial inaccuracies.

Gaps in knowledge of the basic underlying concepts and principles, with flawed or

superficial understanding. Some significant inaccuracies and/or irrelevant material.

Limited knowledge and understanding of the basic underlying concepts and principles
within the subject area. Some elements may be missing.

Knowledge of the basic underlying concepts and principles is accurate with a good
understanding of the field of study but lacks depth and/or breadth.

Competent knowledge of the basic underlying concepts and principles. Exhibits very good
understanding.

Excellent knowledge and understanding of the basic underlying concepts and principles of



(0) the subject.

EXCEPTIONAL 80- Exceptional, detailed knowledge and understanding of the basic underlying concepts and
100% principles.
(0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret qualitative
and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts
(0) and principles. Failure to develop arguments, leading to illogical or invalid judgements.
Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

(0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending towards

49% description. Can interpret qualitative and quantitative data but with some errors. Some

(0) evidence to support emerging arguments and judgements but these may be
underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data, with minor errors. An emerging ability to use evidence to support the
argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data accurately. Ability to devise arguments using evidence to make mostly
appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret qualitative
(0) and quantitative data accurately and with some insight. Excellent ability to devise
arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80- Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to devise
(0) arguments using evidence and make wholly appropriate and valid judgements.
PRACTICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little or no
(0) appreciation of the context of the application. Very weak evidence of different approaches
to problem-solving in particular contexts.

UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques but
30-39% without consideration and competence. Flawed appreciation of the context of the
(0) application. Weak evidence of different approaches to problem-solving in particular



SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

SKILLS PROF P

contexts.

An adequate awareness and mostly appropriate application of basic methods, materials,
tools and/or techniques. Basic appreciation of the context of the application. Can identify
problems in particular contexts and propose basic alternative approaches or solutions
though there may be errors.

A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Good evidence of different
approaches to problem-solving in particular contexts and proposes mostly appropriate
solutions.

A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different
approaches to problem-solving in particular contexts and proposes appropriate solutions.

An advanced application of a range of taught, basic methods, materials, tools and/or
techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and proposes
appropriate solutions.

Exceptional levels of application and deployment skills in particular practical contexts.
Outstanding identification of problems in particular contexts and formulation of wholly
appropriate, thoughtful solutions / different approaches.

0/0

Transferable skills for life and professional practice (Communicate the results of their study/work accurately and
reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise
of some personal responsibility within a structured and managed environment.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
0)

Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very
weak use of language and/or very inappropriate style. Failure to work effectively individual
or as part of a group. Little or no evidence of the skills for employment requiring the
exercise of some personal responsibility.

Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently,
structured, with information and ideas often poorly expressed. Weak use of language
and/or inappropriate style. Flawed approach to individual or group work, meeting only
partial obligations to others. Limited evidence of the skills for employment requiring the
exercise of some personal responsibility.

Mostly ordered presentation and structure in which relevant ideas / concepts are
reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as
part of a group, meeting most obligations to others but perhaps with limited involvement in
group activities. Demonstrates the basic skills for employment requiring the exercise of
some personal responsibility, with some areas of minor weakness.

Mostly coherent, organised and accurate work, in a suitable structure and is for the most
part clearly expressed. Can work effectively independently and/or as part of a team, with
clear contribution to group activities. Demonstrates the skills for employment requiring the
exercise of some personal responsibility, with some areas of strength and some of minor



VERY GOOD 60-69%
(©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

weakness.

Work is accurate, coherent, fluent, well-structured and organised. Can work effectively
independently and/or as part of a team, with very good contribution to group activities.

Demonstrates very good skills for employment requiring the exercise of some personal
responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group activities.
Demonstrates excellent skills for employment requiring the exercise of some personal
responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.
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