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[bookmark: _Toc90041103]Introduction

[bookmark: _Hlk89700727]The aim of this report was, in small teams, to carry out a dynamometer test in order to obtain the necessary raw data of load and speed at a throttle of 100%. Then individually the raw data was entered into a excel spread sheet where we calculated the corrected power, torque and BMEP. The aim of this report is to discuss and build conclusions from the results seen in these tests and calculations. In the conclusion and evaluation, an aim is to be able to compare our dyno results to another similar engine and then draw some conclusions from that. 
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Description automatically generated]The dynamometer, or dyno, used is an Eddy Current Dynamometer, built and supplied by Apicom DSG. An Eddy Current Dyno uses electro-magnets to control the amount of load on the engine, this process causes a lot of heat, so the dyno needs a great air-cooling system to dissipate the heat. The principle of an eddy current device is to convert mechanical energy into electrical energy, this electrical energy is then read and recorded by the dynamometer equipment to present the data in real time. What is then needed is a state-of-the-art computer system to show this data to us in real time and create graphs, tables and do complicated calculations. The major advantage of eddy current is their sensitivity, which is why that system is fantastic for engine dynos and other accurate mechanical measuring applications.


[bookmark: _Toc90041104]Experimental Procedure

[image: ]We used a 1.6 D16 engine from a 2003 Honda Civic for our dynamometer testing. The recorded temperature in the room was 26°C, biometric pressure of 1010.67mBar and humidity of 42.8%. Once set up correctly, the engine was ready to start. This could all be done from the monitors in the observatory room that looks in on the dyno room. An observatory room is needed as if anything goes wrong with the test in any way, no one will be hurt. Once everyone is out of the dyno room and all systems are working correctly the engine can be started by holding down the crank button on the monitors, just like turning a key and holding it all the way forward until the engine starts. Then we needed to decide whether to do a sweep or step test, due to the nature of our testing we needed to do a sweep test. This is where the computer slowly rises the engine speed (rpm) from a chosen level to another chosen level. As we wanted to see it go through the full rev range, we chose 1000rpm (idle) to 5500rpm, which is a predicted above peak power rpm level. A high top-end rmp that is hopefully above peak power must be met because if you make it too low then you might possibly not record the peak power. You will know this from seeing a power run graph that does not have a dip at the end and just continually goes up, which is easily fixed by simply putting in a new top end rpm value for the computer to rev the engine up to. 
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[bookmark: _Toc90041106]Analysis

Once the test is complete, the data can be saved and sent to our personal devices in order for us to create the excel data spreadsheets individually. I then needed to lay out the excel sheet correctly and calculate torque, corrected power and BMEP. Firstly, torque, using the function tool and typing in =SUM(A8*$G$5), which translates to the force multiplied by the radius of the torque arm. This can then be applied to all data values and gives me the torque for all levels of engine speed. Next was Power, measured in watts, using the equation . T being the torque that was just calculated. So again in the function tool SUM(2*PI()*B8*C8)/60. PI() is how to write for pie in excel functions. Now I could calculate corrected power (Ps), also in watts. In the function tool I then wrote =SUM(((1.01325/$G$3)*(SQRT($G$2/293)*D8))) , this is based off the corrected power equation . SQRT meaning square route in excel function form. Lastly, I needed to calculate BMEP, this needed some equation reshuffling before I could begin. Using  and then reworking it to make BMEP on its own. It is done like this. 
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(Summerfeild, 2021)
To then fill in the function for BMEP, I needed to type the equation =SUM((60*2*E8)/($J$3*$J$4*B8*4)). This is also dragged down to give all vales for BMEP, measured in pascals. 
Throughout the process I used base units for all measurements. Base units, otherwise known as SI units, are used as they are the worldwide standard for units and ensures that the data can be read, understood and stay comparable worldwide. They are officially The International System of Units, helping with international confidence in information, especially in times like these which need trusted, comparable and understandable information to get all around the world fast. 
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The torque varies when it is compared to engine speed because torque is at its highest level when the engine is most efficient. So, peak engine efficiency is also the point of peak engine torque. After this point, the moving engine parts are causing friction and vibrations to slowly get more and more intense, decreasing the engine efficiency and therefore torque. As you can see on this graph and the table of results, the peak torque level of 131.1487944Nm happens at 3050rpm. From this we can then deduct that peak engine efficiency also happens at 3050rpm. From this point, it then keeps dropping all the way down to 98.70828698Nm at 5500rpm. High torque is responsible for high accelerating cars, but also another layer to it is having that torque available at low engine speed. A car with high peak torque at low rmp is going to have fast acceleration, excluding factors like gearing, tires and the weight of the vehicle. 

[image: ]As you can see from the graph, the engine starts losing power at higher engine speeds, same as torque, however for different reasons. The engine loses power at higher rpm’s due to the engine being unable to breathe enough air in. Its down to the inlet ports and valves which limit the flow and restrict air intake. More fuel can be added, spark increases in timing, however the air simply can’t get in enough. This can be solved with mechanical help, such as a turbocharger, which compresses and forces in more air for higher rpm. However, this engine is naturally aspirated, so does not get those benefits. As you can see from the graph and the table of results that the engines peak power is 58816.90535W at 5050rpm. The power then only drops slightly down to 57577.65118W at 5500rpm. This drop is also down to the increase in vibrations and friction of the engine, like torque, but mainly the issue of airflow and breathability. 
[image: ]Table of results; Torque, Power, Corrected Power, BMEP
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Description automatically generated]To conclude, I would like to compare some specs from when the engine was new and see how much power and torque its lost over time. Engines loose power over time due to valvetrain components and piston rings wearing down very slowly as the engine is used. So, a 30-year-old engine, like the one we used, is not going to be performing at the same level as when it was new.  
(Honda Motor Co. LTD, 1988)
From looking at the top left of this workshop manual for the car, you can see that this is a D16A7 engine. From then looking online we can find its original stats in prime conditions. 
	
	Original
	Our Engine

	Power (kW)
	87.0 (at 5900rpm)
	58.8 (at 5050rpm)

	Torque (Nm)
	136.0 (at 4800rpm)
	131.1 (at 3050rpm)


(Wikipedia, 2021)

As you can see the engine has had some large power losses, torque is still relatively high for the age of the engine. This is simple wear and tear showing on an engine, having an engine on an engine dyno for a long time does not give it any more stress or load on its components than a hill or a boy racer can, so it’s a fairly good representation of the losses you can expect from an engine over time. 
If you compare it to todays 1.6-liter engines, the power seems quite low. A 2016 (5 years ago) naturally aspirated 1.6 Vauxhall Astra, which is no sportscar by any means, produces 160bhp or 119kW. Which simply shows how far engine building and technology has come in the last 25 years. 

[bookmark: _Toc90041108]Evaluation

It is important with any experiment or test to keep it what is often called a ‘fair test’ or ‘controlled experiment’. A fair test is needed as it ensures the results are as accurate as possible. This is done by cutting out or controlling as many other factors as possible, so that only the ones changing and being tested are having an affect on the results. It is also important that the test is repeatable, this is so that the same test can be conducted by anyone with the same equipment and conditions. This will then cause comparable results, so it is possible for me to compare my results with my peers as they did the same test. This can then be combined to make the mean values, and you can pick out anomalies in other peoples or your own results. 
We kept it a fair test by controlling the whole sweep test with a computer which went from a set point to another set point, which can also keep it repeatable as the computer does it the exact same way every time. We also noted down temperature, barometric pressure, humidity and torque arm length, so it can be repeated in the same conditions or for someone to actively change these conditions and see how they affect the results compared to ours. The engine was kept cool with water and coolant in a cooling system attached to the engine, seen below on the right with the purple pipes. 
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Description automatically generated]
We have to keep the engine cool as it can overheat if not given a cooling system this overheating can damage components in the engine. A hot engine will also underperform when it comes to producing power, which is why all vehicle engines are equiped with some kind of cooling system. In severe cases of engine overheating, it can cause areas like the engine block to expand and contract, occasionally causing cracks, which leads to oil leaks, which leads to further overheating. 
One way the experiment could be improved would be to to change the dyno for a water cooled version. Water cooled dynos simply have the cooling system use water to dissipate the heat much more efficiently. Another major advantage is that their load control is more precise in comparison to air cooled dynos.
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Temperature 26°C

Barometric Pressure 1010.67mBar

Humidity 42.8%

Torque arm 815.744mm
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W N

Force (N) Engine speed (rpm)

130.037 1000

130.61 1050

131.485 1100

132.641 1150

133.729 1200

135.143 1250

136.396 1300

137.723 1350

139.186 1400

140.496 1450

141.522 1500

142.271 1550

143.07 1600

143.631 1650

143.895 1700

143.984 1750

143.769 1800

143.411 1850

143.045 1900

142.816 1950

142.873 2000

143.19 2050

143.772 2100

144.551 2150

145.344 2200

146.106 2250

146.954 2300

147.835 2350

148.72 2400

149.675 2450

150.825 2500

152.138 2550

153.556 2600

155.005 2650

156.482 2700

157.786 2750

158.838 2800

159.646 2850

160.156 2900

160.53 2950

160.755 3000

160.772 3050

160.64 3100

160.269 3150

159.847 3200

159.295 3250

158.657 3300

158.007 3350

157.267 3400

156.714 3450

156.031 3500

155.394 3550

154.841 3600

154.283 3650

153.895 3700

153.537 3750

153.207 3800

152.982 3850

152.81 3900

152.686 3950

152.585 4000

152.443 4050

152.235 4100

151.91 4150

151.399 4200

150.827 4250

150.068 4300

149.154 4350

148.116 4400

147.008 4450

145.914 4500

144.832 4550

143.855 4600

142.954 4650

141.876 4700

140.982 4750

140.028 4800

139.039 4850

137.983 4900

136.865 4950

135.733 5000

134.623 5050

133.253 5100

131.742 5150

129.994 5200

128.245 5250

126.542 5300

125.13 5350

123.554 5400

122.083 5450

121.004 5500
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Engine: Honda Civic 1.6  D16 2003
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W N T P Ps BMEP

Force (N) Engine speed (rpm) Torque (Nm) Power (W) Corrected Power (W) BMEP (Pa)

130.037 1000 106.0769025 11108.34726 11250.15405 848837.99

130.61 1050 106.5443238 11715.16028 11864.71352 852578.34

131.485 1100 107.2580998 12355.24614 12512.97059 858290.05

132.641 1150 108.2010999 13030.41159 13196.75505 865836.03

133.729 1200 109.0886294 13708.48147 13883.48102 872938.13

135.143 1250 110.2420914 14430.65602 14614.8747 882168.24

136.396 1300 111.2642186 15147.03025 15340.39401 890347.41

137.723 1350 112.3467109 15882.64207 16085.3965 899009.62

139.186 1400 113.5401444 16645.85456 16858.352 908559.59

140.496 1450 114.608769 17402.61323 17624.77129 917110.84

141.522 1500 115.4457224 18134.17166 18365.66864 923808.22

142.271 1550 116.0567146 18837.81764 19078.29721 928697.44

143.07 1600 116.7084941 19554.69587 19804.32696 933913.05

143.631 1650 117.1661265 20244.85332 20503.29481 937575.07

143.895 1700 117.3814829 20896.67224 21163.43471 939298.37

143.984 1750 117.4540841 21524.58512 21799.36339 939879.33

143.769 1800 117.2786991 22106.51398 22388.72103 938475.88

143.411 1850 116.9866628 22664.00716 22953.33105 936138.98

143.045 1900 116.6881005 23217.14368 23513.5288 933749.85

142.816 1950 116.5012951 23789.97483 24093.67259 932255.02

142.873 2000 116.5477925 24409.71258 24721.32178 932627.1

143.19 2050 116.8063834 25075.46852 25395.57661 934696.37

143.772 2100 117.2811464 25791.47115 26120.71958 938495.47

144.551 2150 117.9166109 26548.62704 26887.54116 943580.52

145.344 2200 118.5634959 27315.06857 27663.76693 948756.96

146.106 2250 119.1850929 28082.32591 28440.81891 953731.04

146.954 2300 119.8768438 28872.98957 29241.57601 959266.5

147.835 2350 120.5955142 29677.52189 30056.37882 965017.37

148.72 2400 121.3174477 30490.40019 30879.63415 970794.35

149.675 2450 122.0964832 31325.48886 31725.38339 977028.27

150.825 2500 123.0345888 32210.38003 32621.57088 984535.09

152.138 2550 124.1056607 33140.60171 33563.66758 993105.91

153.556 2600 125.2623857 34105.36052 34540.74229 1002362.1

155.005 2650 126.4443987 35089.25015 35537.19205 1011820.7

156.482 2700 127.6492526 36091.97588 36552.71837 1021462.1

157.786 2750 128.7129828 37066.6781 37539.86343 1029974.2

158.838 2800 129.5711455 37992.24415 38477.24505 1036841.3

159.646 2850 130.2302666 38867.39265 39363.56551 1042115.6

160.156 2900 130.6462961 39675.61958 40182.1101 1045444.7

160.53 2950 130.9513843 40453.93085 40970.35712 1047886.1

160.755 3000 131.1349267 41197.25224 41723.1676 1049354.8

160.772 3050 131.1487944 41888.30237 42423.03953 1049465.8

160.64 3100 131.0411162 42540.04014 43083.09725 1048604.1

160.269 3150 130.7384751 43126.33847 43676.88013 1046182.4

159.847 3200 130.3942312 43695.52626 44253.33405 1043427.7

159.295 3250 129.9439405 44225.01729 44789.58445 1039824.4

158.657 3300 129.4234958 44725.5494 45296.50625 1035659.8

158.007 3350 128.8932622 45217.19736 45794.43048 1031416.8

157.267 3400 128.2896116 45677.15283 46260.25765 1026586.3

156.714 3450 127.8385052 46185.89852 46775.49787 1022976.5

156.031 3500 127.2813521 46651.05207 47246.58947 1018518.1

155.394 3550 126.7617231 47124.32095 47725.9 1014360

154.841 3600 126.3106167 47617.98066 48225.86167 1010750.2

154.283 3650 125.8554316 48105.3574 48719.46016 1007107.8

153.895 3700 125.5389229 48641.69947 49262.64906 1004575

153.537 3750 125.2468865 49184.33733 49812.21411 1002238.1

153.207 3800 124.977691 49733.00615 50367.88713 1000084

152.982 3850 124.7941486 50313.38883 50955.67884 998615.26

152.81 3900 124.6538406 50909.5067 51559.40663 997492.5

152.686 3950 124.5526884 51520.35176 52178.04961 996683.07

152.585 4000 124.4702982 52137.99661 52803.57918 996023.78

152.443 4050 124.3544626 52740.59393 53413.86913 995096.85

152.235 4100 124.1847878 53318.86235 53999.5196 993739.1

151.91 4150 123.919671 53853.87606 54541.36319 991617.61

151.399 4200 123.5028259 54319.37986 55012.8095 988281.97

150.827 4250 123.0362203 54758.37215 55457.40588 984548.14

150.068 4300 122.4170706 55123.78832 55827.48687 979593.65

149.154 4350 121.6714806 55425.12328 56132.66861 973627.36

148.116 4400 120.8247383 55672.04283 56382.74029 966851.64

147.008 4450 119.920894 55883.48559 56596.88227 959618.99

145.914 4500 119.02847 56090.84505 56806.88884 952477.73

144.832 4550 118.145835 56293.52324 57012.15438 945414.79

143.855 4600 117.3488531 56528.21855 57249.84576 939037.26

142.954 4650 116.6138678 56784.7569 57509.65902 933155.84

141.876 4700 115.7344957 56962.53385 57689.70544 926119.01

140.982 4750 115.0052206 57205.76306 57936.03966 920283.28

140.028 4800 114.2270008 57416.75306 58149.72312 914055.89

139.039 4850 113.42023 57605.09276 58340.46711 907600.03

137.983 4900 112.5588044 57756.9391 58494.25189 900706.81

136.865 4950 111.6468026 57873.54783 58612.34923 893408.88

135.733 5000 110.7233804 57974.62638 58714.71813 886019.57

134.623 5050 109.8179045 58075.52554 58816.90535 878773.86

133.253 5100 108.7003352 58053.66968 58794.77048 869830.96

131.742 5150 107.467746 57958.07965 58697.96017 859967.66

129.994 5200 106.0418255 57744.30481 58481.45632 848557.3

128.245 5250 104.6150893 57515.14929 58249.37545 837140.41

126.542 5300 103.2258772 57291.87951 58023.25546 826023.8

125.13 5350 102.0740467 57187.05509 57917.09287 816806.73

123.554 5400 100.7884342 56994.51679 57722.09666 806519.13

122.083 5450 99.58847475 56837.39975 57562.97391 796916.94

121.004 5500 98.70828698 56851.89202 57577.65118 789873.59
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>hassis and Engine Numbers

- Vehicle Identification Number ——————— (—Engine Number ——78M ——
JHM EDS9 36008000001 D16A7-1000001

Manufactuere, Make and.
Type of Vehicle
JHM: HONDA MOTOR CO., LTD.,
JAPAN
HONDA, Passemger car.

Engine Type
D1BAG: 1.6.2 SOHC PGM-FI
With catalytic converter
D16A7: 1.6 £ SOHC PGM-FI
Without catalytic converter
D16A8: 1.6 £ DOHC PGM-FI
With catalytic converter
D16A9: 1.6 ¢ DOHC PGM-FI

Without catalytic converter
Model Year:
1:1988
Emission Group

O: Without catalytic converter and KX, KQ
7: KS, KW with cataiytic converter

Line/Body and Engine Type
ED9: CIVIC COUPE CRX 1600
Transmission and Body Type:
3: 5-speed manual/2-Door
Coupe

Vehicie Grade-
6:12, 1 (1600, SOHC)
7: DI (1600, DOHC)

Fixed code .
Modal Yoar Serial Number-
0: 1988
Pamt———— ] i
S: SUZUKA Factory [— Transmission Number

Serial Numbper——n———— |

13-1000001

Transmission Type———— ]

L3: Manual 5-speed
Serial Number
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