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1-Introduction 
 

Testing an engine's performance and evaluating the efficiency, power output, and durability is a 
crucial part of development. Using an engine dynamometer means that the engines can be 
tested in various environments under different operating conditions whilst all being controlled 
and accurately recorded. The information gathered from the use of an engine dynamometer can 
be used to optimize an engine's characteristics such as fuel efficiency, power, torque, longevity, 
and emission reduction. This experiment aims to analyze the performance of a 1.6 Honda D 
series engine similar to Figure 1 and to delve into what applications it is designed and tuned for.  

 

 

 

  

Figure 1- A Honda D series engine diagram 
(IPGParts, 2025). 
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2- Experimental Procedure  
 

This Experiment was run on a  Schenck WS230 Dynamometer from 2018, which is limited to 
10,000 rpm and 230Kw (Dadt, 2001). The dyno operates via a core that is directly attached to the 
engine. The outer casing is an electromagnet, which applies a braking force to the core to apply 
a resistive force to the engine. The resultant of this force creates a reaction where the outer 
casing tries to turn, this is then measured by a strain gauge sending a signal between 0-10v to 
the control point. That is the only data taken from the dyno, everything else is either taken from 
the engine sensors or can be calculated. To calculate load from the 0-10v, there are calibration 
arms on either side of the dynamometer. These arms are designed to be exactly 815.776mm 
from pivot to hook eye. A mass is hung on one end, and the voltage off the strain gauge is 
recorded. Gathering information from different voltages' respective mass creates a picture of 
the amount of torque needed to cause a certain voltage reaction at the strain gauge. As the 
engine is run, this rotational force is what’s recorded alongside the pressure needed to brake 
the engine.   

To run the dyno, there is a control panel with two dials on, one for torque and one for power. 
Turning the power dial increases the throttle position and turning the torque dial increases the 
braking force on the drive shaft. The dyno can also be used in an automatic mode where the 
engine can be run in steps where each step can simulate various situations such as a gear 
change or acceleration and deceleration. These steps can be looped into one long continuous 
test where the engine's lifespan can be tested. 

For this experiment, the dynamometer was set into a sweep test. A sweep test has a set starting 
and ending speed with set increments where data is taken. Unlike in a step test where the 
engine pauses to take the data. Because it is continuous, the data is marginally less accurate, 
however, this method does reduce the risk of overheating. For this experiment, the engine speed 
started at 1000 rpm and ended at 5500 rpm, with data being taken every 50 rpm. 

 

  

Figure 3- Shows the engine control 
panel with all original parts still 
attached. 

Figure 2-shows the Schenck 
dynamometer attached to the 
Honda engine. 

Figure 4- Shows the engine side of 
the rig. 
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3- Raw Data  

 

 

 

  

Table 0-1 The data that was taken 
off the engine Dynamometer at 
the time of test. 

Table 0-2 The atmospheric data given 

Table 0-1 Cylinder Data. 
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4- Calculated Data 
 

Table 0-1 Calculated Data on excel, showing data from 1000-2000 rpm only. 

  

Table 0-3 shows 
the area of a 
cylinder 

Table 0-2 Shows 
the Calorific Value 
of Petrol. 
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5- Analysis  
5.1- Torque With Engine Speed 

 

Engines are designed specifically for each application. Some engines are designed to have a 
longer stroke; this causes the piston to move faster, pulling air in faster at low speeds. More air 
in the cylinder at the time of combustion results in the air-fuel mixture burning more completely. 

This engine has been designed to achieve peak torque during mid-engine-speed. At low rpm, 
the air to fuel mixture is not fully optimized for torque, this is due to there being more time for 
the air to be pulled into the chamber, leading to a slightly leaner mixture (Gellert, 2024). As the 
engine speed increases, the volumetric efficiency improves, this is due to the valves operating 
at optimal timing, allowing the desired stoichiometric ratio to be met. When peak stoichiometric 
values are met, the pressure in combustion will be greater, thus creating more force in the 
combustion chamber. As the engine accelerates, the torque starts to drop off due to the 
decrease of time the valves are open. As the engine speed increases, there is also an increase 
of temperature and frictional forces acting upon the engine, which will reduce the torque 
output. Peak torque was 103.5nm, which was reached at 2350 rpm or 246 rad/s as seen in figure 
5. At 3850 rpm or 403 rad/s, the drop off of force starts; this is due to the engine now rotating at a 
speed that negatively affects the volumetric efficiency and where frictional losses start to 
increase.  
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Figure 5- Shows the correlation of Torque in the engine with engine speed in rad/s 
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5.2- SFC With Engine Speed 
 

 

At minimal engine speeds, the engine will use more fuel, this is due to incomplete combustion 
as well as poor air to fuel mixing. This leads to an initial SFC above 0.35 kg/kWh, which isn’t met 
again until just under 550 rad/s. The middle section of the graph is where it's at its lowest. This 
low area is due to it being the most fuel efficient area. This also corresponds with figure 5 as it is 
when the engine is producing the most torque. This area is where the efficiency of combustion 
and volumetric efficiency are maximised. As the engine speed increases, so does the fuel 
usage. This is due to the engine rotating faster and needing a richer air to fuel ratio to prevent 
knocking and overheating. Excess fuel in the combustion chamber absorbs heat as it vaporizes, 
this is known as evaporative cooling (Law, 2018). A richer mixture burns at a lower temperature 
than a 14.7:1 ratio, the risk of knocking is reduced due to the fuel being less likely to detonate 
prematurely in the cooler conditions. This engine has been tuned for daily use at mid range 
engine speeds with low fuel consumption. Looking at this graph, it is apparent that to maximize 
fuel efficiency, low engine speeds, such as in traffic, or high engine speeds, such as on a 
motorway, should be avoided. 
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Figure 6 Shows the relationship with SFC and Engine Speed. 
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5.3- Engine Power With Engine Speed 
 

 

Figure 7 shows the relationship between power and engine speed. Corrected power is also 
shown; corrected powers minimal difference from power shows that atmospheric conditions 
had a minimal effect on performance. This dynamometer result shows that there is a very linear 
increase in power output with an increase in engine speed. After roughly 475 rad/s, the power 
begins to decline because of factors such as an increase in internal friction and a reduction in 
volumetric efficiency. This trend aligns with the torque graph in figure 5, where peak torque was 
found in the mid-range before dropping off in the higher speeds. This engine peaks at 44.36 kW 
at 4600 rpm. 
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Figure 7 Shows engine power alongside corrected power against engine speed. 
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6- Conclusion  
 

The results provided by the Schenck WS230 Dynamometer have provided valuable insights into 
the key characteristics in defining an engines performance and efficiency.  

The engine demonstrated a peak torque of 103 Nm at 2350rpm, this result aligns with its design 
for mid range efficiency as opposed to higher performance levels. The power output increased 
linearly until approximately 4600 rpm, where internal friction and a decreasing volumetric 
efficiency started to take a toll on power. The SFE was lowest in the midrange, which further 
reinforces the belief that this engine has been tuned for everyday urban driving. 
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7- Further Work 
 

To improve this experiment and to get more accurate results, the use of a higher tech engine 
dynamometer would be ideal. There are many types of engine dynos, such as water brake, Eddy 
Current, and AC dynos. Water Brake dynos are suited towards continuous high load testing such 
as diesel engines. EC dynos are better suited to medium to high speed applications. EC dynos 
also have rapid load adjustments, so they are suited to performance tuning, however, they are 
less effective at low speeds. Finally, an AC dyno’s ideal application is for use in advanced R&D 
for engine mapping as well as in automotive manufacturers' labs. One downside to an AC dyno 
is the cost of the dyno as well as the cost of running one. (Power Test, 2019).  

Resolving the current issue with the engine dynamometer, which restricted the experiment from 
taking place due to the braking force being permanently large and stopping the core from 
spinning. Taking own data would improve accuracy as well as being able to compare with data 
used in this report to gain an understanding on how the engine behaves now as opposed to how 
it was when the data was recorded.  
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