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Introduction 1 

In this report I will be discussing some of the key 

characteristics of an internal combustion engine, the process 

of measuring the torque a specific engine produces, and the 

figures that can be calculated using retrieved data. I will 

outline and go over the engine dynamometer testing process 

that is used to measure the torque, then using formulas and 

retrieving data in a lab environment, such as ambient room 

temperature, humidity, and pressure, amongst other 

information, to calculate corrected power and BMEP at 

individual revolution per minute. 

 

Research 2 

4-Stroke Petrol ICE 2.1 

The first stroke of the standard 4-stroke “otto” engine is the induction stroke, in which the inlet valve opens, allowing in a 

flammable air fuel mixture, with the piston descending within the cylinder. This action is followed up by the compression stroke, 

the piston begins to move upwards, with the valves closed to prevent the air and fuel leaving, the mixture is compressed due to 

the seal between the piston rings and cylinder, the compression stroke is designed to create a stronger charge pressure, it also 

puts the piston head in the optimal position for the next step, the power stroke. Just before ethe piston reaches TDC a spark is 

created via the spark plug, meaning by the time the mixture is fully ignited the piston has reached the top and is forced back 

downwards, in turn rotating the crank shaft, which converts the reciprocating linear motion of the piston into a rotational motion. 

Following the combustion, the exhaust gases need to move out for the next cycle, in the exhaust stroke the exhaust valve opens 

and the piston head pushes the gases out towards the exit. 

Torque Explanation 2.2 

Torque is the rotational force produced by an engine, it can often be confused with power, however torque only refers to the work 

done, whilst power considers the speed the work is delivered. For this reason, torque is important for building up the initial drive 

and maintaining movement at lower speeds as it is the ‘Pulling power’.  

Torque is measured in newton meters, which is the force (N) multiplied by the torque arm radius (M). 

An example of the comparison between the uses of torque and power would be a HGV engine and the engine in an F1 car, a 

10.8L DAF PACCAR MX11 produces approximately a maximum of 327kw of power and 2304nm of torque, whereas the estimated 

specifications of a 1.6L modern F1 engine is approximately 735kw of power and 670nm of torque. The ratio of power to torque is 

much lower in the truck engine than the F1 engine, the truck has a low revving large displacement engine designed for hauling 

weight, whereas the F1 car is high revving with the same number of cylinders but is only 14% of the displacement, designed for 

speed in an extremely light vehicle. 
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Method 3 

 

Equipment 3.1 

When measuring the torque of our selected engine (Honda Civic 1.6  D16 2003) we used an eddy-current engine dynamometer, 

which uses electromagnetic resistance to measure the torque coming directly from the prime mover (in this case the Honda 

engine). The force applied is measured by a strain gauge, an electrical sensor and transducer that produces electrical resistance 

that varies depending on the force applied. The information picked up by the strain gauge is then sent to a computer which works 

out the torque from the measurements and statistics it’s been given. 

Setting up 3.2 

Before the test it is always interesting to push the ‘free’-housing, the large drum 

attached to the engine, although it doesn’t feel as though it is moving the strain gauge 

is still measuring this force, and it will show up on the graph. This shows how sensitive 

the dynamometer is, it can even pick up on the slightest movement, therefore you can 

assume the test results will be more accurate.  

For the set up the first thing to do is calibrate the machine, to do this you need to a 

known mass and length to attach to the side of the free housing, you will need to bolt 

a duplicate length on each side, to essentially zero the effect the mass of the arm has 

on the dynamometer, meaning it will only measure the mass on the end of the arm. It 

is crucial that this mass is accurately weighed, using an older or damaged weight 

could affect the calibration, as the measurements are so accurate this will sway the 

validity of the results massively. 
Calibration Equipment: Arms, 

hook, known mass. 

Test 3.3 

There are two key types of engine dyno testing, the step and sweep test. With a step test the dyno is programmed to build up 

through the rev range pausing at set intervals, for example you could set up a step test to measure the torque the engine 

produces between idle at 1500rpm to 5000rpm, with the engine maintaining revs at 500rpm intervals. In a sweep test the engine 

quickly goes through the set rev range without intervals, it will still measure at set engine speeds, but only in passing and will not 

maintain the speed for any unnecessary duration. A step test will give much more accurate results, due to the fact it lingers on the 

engine speed for a longer period it can get a better average, the downside to such a test however is that it can only measure the 

RPMs you set it to measure, meaning you have less broad results. The opposite is the case for the sweep test, you have a much 

wider selection of results, with far less accuracy. 

For our experiment we opted for the sweep test, as we don’t need the most accurate figures and it is better practice in Excel.  

We first started the engine, by turning on the fuel pump the cooling system and then pressing “ignition”, once the instruction for 

what we want the test to do is entered into the system we can press start test.  

The dynamometer acts like a giant water brake, the engine crankshaft is connected to the impeller housing which has, within the 

housing there is water that creates resistance against the torque of the engine, this puts a serious load on the housing as it tries to 

rotate the dyno frame with the force it creates. The strain gauge mounted to both the housing and the frame is pulled, measuring 

the rotational force, and relaying what it reads to the computer, which in turn translates that into horsepower and torque. Whilst 

this is going on the water is being pumped in and out, with hot water being displaced back into the main storage tank and cold 

being pumped in. Whilst the majority of the water is used to absorb the torque, some of this water is used to regulate the engine 

temperature, insuring efficient, consistent and therefore accurate readings. 

Strain gauge. Impeller housing. 



 

 

 

 

 

 

  

0

20

40

60

80

100

120

140

0 1000 2000 3000 4000 5000 6000

To
rq

u
e

 (
N

m
)

Engine Speed (RPM)

Torque vs Engine Speed

This graph shows the torque numbers the engine produces at a 

range of revolutions per minute. As displayed the torque 

increases through the low to mid-range engine speeds, but as 

the volumetric efficiency decreases with the higher revs, the 

torque begins to dive. 

Results 4 

 

Spreadsheet 4.1 

 

To the left are the results of the dyno test, using the 

force and engine speed measurements, along with 

information based on the engine displacement and 

lab data, I was able to use Excel and a range of 

formulas to calculate the other figures. 

(Letters are represented in spreadsheet) 

T=W*N 

P=(2π (N*T) /60) 

Ps=(1.01325 /Humidity)*(√( Barometric pressure/293)*P) 

BMEP=(60*2*Ps) / (I*A*N*4) 

 

Graphs 4.2 



Conclusion 5 

In this report I have researched some of the key characteristics of an internal combustion engine and discussed the basics of how 

the 4-stroke cycle works. I also completed some research on torque, discussing its uses and units it is measured in. 

Within the main section of this report, I went over the method of measuring torque using an engine dynamometer, based on my 

practical experience with the machinery, I mentioned the equipment used and how to set it up, following that up with a brief 

description of different types of engine dyno testing and the pros and cons for these. I finished off the method section by 

reporting how the dyno measures the torque produced. 

Next I showed the results achieved and used excel to calculate other key figures and created three graphs to display some of this 

data and how the numbers interact with each other, this gave a good visual representation of how engine speed can effect torque 

and power. 

In conclusion I think my performance throughout this investigation was of a good enough standard to get the results needed, 

however my discussion of the actual dyno testing process could’ve been much more detailed, rather than an overview of how the 

test itself works. 
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This second graph displays the power (corrected) produced by 

the engine through 1000rpm to 5500rpm. The power fairly 

consistently increases throughout the rev range but begins to 

plateau and drop at around 5000rpm.  

This graph is showing BMEP in comparison to engine speed, 

the shape of the results is near identical to the torque graph. 

The formula for calculating BMEP=(60*2*Ps) / (I*A*N*4)), this is why 

the graph is such a similar shape, because the measurement is 

based on torque. 
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