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Abstract
This is a report to show the varying forces that a conrod undergoes inside the engine of an Aprilia RS125. The aim of this report is to look at how the forces are affected by the engine speed, the mass of the pistons, the conrod length and the crank radius. This report is experimenting by changing the rpm of the engine and the weight of the piston to see how it affects the forces of the engine.
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Introduction
[image: ]The aim of this report is to gather the radius of the crankshaft, the length of the conrod and the mass of a piston for an Aprilia RS 125 engine. The report looks at the forces a connecting rod undergoes inside of the engine. This include how the engine speed, crankshaft radius and the conrod length effect the engine. During this investigation the speed of the engine and the mass of the piston will be varied and thus the graphs created to be analysed then discussed. These graphs will also be used to carry out calculations to find out the tensile and compressive forces that the conrod undergoes and when the maximum and minimum forces occur.

Research
The vehicle used in this investigation is the Aprilia RS 125 1999 - 2002. As per the manufacture’s specifications, the max power output of this bike is 34 HP (24.8 kW) at its max rpm of 11000 and has a wet weight of 142kg.

[image: http://www.pjme.co.uk/acatalog/con-rod-photo.jpg]See Fig:1 for Con Rod Specifications and Crank Radius
A:26.00mm 
B: 19.00mm 
C: Con Rod Length 110mm 
D: 15.00mm 
E:15.00mm 
F:20.00mm 
G:49.00
[bookmark: _GoBack]Fig:1 Diagram of con or specifications and crank radius 3) Pjme.co.uk
· Con Rod Length = 	
 			110mm
· Crank Radius = 
·  			26mm
· Mass of Piston = 	
 			0.12kg
· Max Engine Speed = 
 			11000rpm

Things to remember:
There are different types of pistons that can be used with this engine, these different pistons are different sizes for different size bores. This will affect the forces acting on a con rod and should be checked before continuing.


Methodology

· An excel sheet is made to record the engine. This includes the time of the experiment, the crank angle in radians, then it is calculated into crank angle in degrees. The distance from the starting point is also recorded along with a calculation of inverse sine phi, then converted into phi in radians.
- The distance from between the top of the con rod and crankshaft is recorded along with the velocity in mm/s. This is converted into m/s.
- These values can then be used to calculate the acceleration and force acting on the con rod.
· All the information recorded and calculated can then be analysed and put into graphs to visualise what is happening. 
- The graphs that should be made are:
 		- Height 
 		- Velocity (m/s)
 		- Acceleration (m/s^2) vs Force (N)
· One can take the measurements needed for this investigation off of the internet or they can be measured. If taken off the internet then the measurements will most likely be slightly bigger as the parts are new and have not been used. If measured the values will most likely be slightly smaller than new parts as they have been worn.
· 

Analysis
At Max RPM: 
Fig:2.1 Graph to show the change is height at max RPM
· The graph in Fig:2.1 shows the change in height (distance between the top of the con rod and the crankshaft) at max rpm. What can be perceived from this data is that the engine is moving at high speed, this is because the height is oscillating frequently.
Fig3.1 Graph to show the change in velocity at max rpm
· The graph in Fig:3.1 shows the change in velocity at max rpm. The data from this graph can be compared to the graph where the piston is lightened.


[image: ]Fig:4.1 Graph to show the change in acceleration and force at max RPM
· The graph in Fig:4.1 shows the change in acceleration and force at max rpm. The data from this graph can be compared with the graphs made for the change in acceleration and force at 6000 RPM and the same graph made for a lightened piston.

							







At 6000 RPM: 
Fig:2.2 Graph to show the change in height at 6000 RPM
· [image: ]The graph in Fig:2.2 shows the change in height (distance between the top of the con rod and the crankshaft) at 6000 rpm. The data from this graph can be compared with the graph made for the change in height at max rpm. This engine speed is just over half that at max rpm, this can be seen on the graph by the height oscillating fewer times over in the same time span.
Fig:3.2 Graph to show the change in velocity at 6000 RPM
· The graph in Fig:3.2 shows the change in velocity at 6000 rpm. The data from this graph can be compared to the original graph at max rpm and the graph where the piston is lightened.



[image: ]Fig:4.2 A graph to show the change in acceleration and force at 6000 rpm
· The graph in Fig:4.2 shows the change in acceleration and force at max rpm. The data from this graph can be compared with the graphs made for the change in acceleration and force at max rpm and the same graph made for a lightened piston.








A Lightened Piston at Max RPM:
Fig:3.3 Graph to show the change in velocity at max rpm with a lightened piston
· The graph in Fig:3.3 shows the change in velocity at max rpm with a lightened piston. The data from this graph can be compared with the graph made for the change in velocity at different rpm in stock pistons. There is not much difference between this graph and the one made with a stock piston. What we can tell is that the graph with the stock piston has a slightly higher velocity.
Fig:4.3 Graph to show acceleration and force with a lightened piston
· The graph in Fig:4.3 shows the change in acceleration and force with a lightened piston. The data from this graph can be compared with the graph made for the change in acceleration and force at different rpm in stock pistons. As can been seen in Fig:2.3 the forces reach higher compared to the force that the lightened piston reaches. The force does not reach as high because there is a lightened mass. The bigger the mass the higher the force would be according to Newton’s Law of motion (“The acceleration of an object as produced by a net force is directly proportional to the magnitude of the net force, in the same direction as the net force, and inversely proportional to the mass of the object.”)-Isaac Newton. 
Data:
Maximum Tensile Force Acting on the Con Rod at Max Rpm = 
									5127.874 Newtons
Maximum Tensile Force Acting on the Con Rod at 6000 RPM =
1533.577 Newtons

Maximum Tensile Force Acting on the Con Rod at Max RPM with a lightened piston =
									3418.583 Newtons

- From the data collected, it is clear that the engine running at max rpm experiences the maximum load and tensile force acting on the con rod. From this information, one can compare the results to that of the tensile forces acting on the engine running at 6000 rpm and then engine running at max rpm but with a lightened mass.
- The information gathered from the engine running at 6000 rpm, just over half the max engine speed, clearly shows that the amount of tensile force a con rod undergoes is not solely dependent on the engine speed.
 - From all the graphs and taking into account of the maximum tensile forces for each of the varied engine tests, it is clear that the maximum tensile force acting on the con rod is dependant on the engine speed and the mass of the piston.
 	- There are other factors to consider, but this report only deals with engine speed and piston mass.
- In theory, if one was to make a piston with a light weight yet durable material it would decrease the maximum tensile force acting of the con rod of that specific engine. The lighter the piston, the more power an engine can achieve as the engine doesn’t have to use as much energy to move the pistons the are not in the power stroke.


Conclusion
From what was tested in this report it is clear that the speed of the engine and the mass of the piston play a part in the amount of tensile force acting on the con rod. The higher the engine speed, the higher the tensile force acting of the con rod. The heavier the piston mass, the higher the tensile force the con rod undergoes. This report also proves Newtons Second Law of Motion with the data collected on the force and acceleration graphs.

Recommendations for further study
· Further study into sturdy and light materials that are also cost effective is recommended as different materials are going to act differently under stress, temperature and speed.

· Research into the other forces acting on a con rod inside an engine should be made as the engine speed and the mass of the piston are not the only factors that contribute to the tensile force a con rod undergoes.

· 
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Graph to Show the Change in Velocity
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Velocity (m/s)




Graph to Show the Change in Height

height	0	2.0000000000000001E-4	4.0000000000000002E-4	6.0000000000000006E-4	8.0000000000000004E-4	1E-3	1.2000000000000001E-3	1.4000000000000002E-3	1.6000000000000003E-3	1.8000000000000004E-3	2.0000000000000005E-3	2.2000000000000006E-3	2.4000000000000007E-3	2.6000000000000007E-3	2.8000000000000008E-3	3.0000000000000009E-3	3.200000000000001E-3	3.4000000000000011E-3	3.6000000000000012E-3	3.8000000000000013E-3	4.000000000000001E-3	4.2000000000000006E-3	4.4000000000000003E-3	4.5999999999999999E-3	4.7999999999999996E-3	4.9999999999999992E-3	5.1999999999999989E-3	5.3999999999999986E-3	5.5999999999999982E-3	5.7999999999999979E-3	5.9999999999999975E-3	6.1999999999999972E-3	6.3999999999999968E-3	6.5999999999999965E-3	6.7999999999999962E-3	6.9999999999999958E-3	7.1999999999999955E-3	7.3999999999999951E-3	7.5999999999999948E-3	7.7999999999999944E-3	7.999999999999995E-3	8.1999999999999955E-3	8.399999999999996E-3	8.5999999999999965E-3	8.7999999999999971E-3	8.9999999999999976E-3	9.1999999999999981E-3	9.3999999999999986E-3	9.5999999999999992E-3	9.7999999999999997E-3	0.01	1.0200000000000001E-2	1.0400000000000001E-2	1.0600000000000002E-2	1.0800000000000002E-2	1.1000000000000003E-2	1.1200000000000003E-2	1.1400000000000004E-2	1.1600000000000004E-2	1.1800000000000005E-2	1.2000000000000005E-2	1.2200000000000006E-2	1.2400000000000007E-2	1.2600000000000007E-2	1.2800000000000008E-2	1.3000000000000008E-2	1.3200000000000009E-2	1.3400000000000009E-2	1.360000000000001E-2	1.380000000000001E-2	1.4000000000000011E-2	1.4200000000000011E-2	1.4400000000000012E-2	1.4600000000000012E-2	1.4800000000000013E-2	1.5000000000000013E-2	1.5200000000000014E-2	1.5400000000000014E-2	1.5600000000000015E-2	1.5800000000000015E-2	1.6000000000000014E-2	1.6200000000000013E-2	1.6400000000000012E-2	1.6600000000000011E-2	1.6800000000000009E-2	1.7000000000000008E-2	1.7200000000000007E-2	1.7400000000000006E-2	1.7600000000000005E-2	1.7800000000000003E-2	1.8000000000000002E-2	1.8200000000000001E-2	1.84E-2	1.8599999999999998E-2	1.8799999999999997E-2	1.8999999999999996E-2	1.9199999999999995E-2	1.9399999999999994E-2	1.9599999999999992E-2	1.9799999999999991E-2	1.999999999999999E-2	2.0199999999999989E-2	2.0399999999999988E-2	2.0599999999999986E-2	2.0799999999999985E-2	2.0999999999999984E-2	2.1199999999999983E-2	2.1399999999999982E-2	2.159999999999998E-2	2.1799999999999979E-2	2.1999999999999978E-2	2.2199999999999977E-2	2.2399999999999975E-2	2.2599999999999974E-2	2.2799999999999973E-2	2.2999999999999972E-2	2.3199999999999971E-2	2.3399999999999969E-2	2.3599999999999968E-2	2.3799999999999967E-2	2.3999999999999966E-2	2.4199999999999965E-2	2.4399999999999963E-2	2.4599999999999962E-2	2.4799999999999961E-2	2.499999999999996E-2	2.5199999999999959E-2	2.5399999999999957E-2	2.5599999999999956E-2	2.5799999999999955E-2	2.5999999999999954E-2	2.6199999999999952E-2	2.6399999999999951E-2	2.659999999999995E-2	2.6799999999999949E-2	2.6999999999999948E-2	2.7199999999999946E-2	2.7399999999999945E-2	2.7599999999999944E-2	2.7799999999999943E-2	2.7999999999999942E-2	2.819999999999994E-2	2.8399999999999939E-2	2.8599999999999938E-2	2.8799999999999937E-2	2.8999999999999936E-2	2.9199999999999934E-2	2.9399999999999933E-2	2.9599999999999932E-2	131	130.74440390224223	129.98388574531432	128.7370472209719	127.03419889290151	124.9163350984269	122.43372932312229	119.64418903041027	116.61103016786345	113.40085667064992	110.08125589466451	106.71854175113114	103.37568708912823	100.11058007360394	96.974713392673451	94.012372187167244	91.260333509266133	88.748036828955605	86.498141563478384	84.527360697208891	82.847451390929621	81.46625153062061	80.388669954782813	79.617561366625495	79.154439433889365	79	79.154439433889365	79.617561366625495	80.388669954782813	81.466251530620596	82.847451390929606	84.527360697208863	86.498141563478384	88.748036828955577	91.260333509266104	94.012372187167188	96.974713392673394	100.11058007360386	103.37568708912816	106.71854175113107	110.08125589466445	113.40085667064984	116.61103016786339	119.64418903041023	122.43372932312224	124.91633509842688	127.0341988929015	128.73704722097187	129.98388574531432	130.74440390224223	131	130.74440390224223	129.9838857453143	128.73704722097187	127.0341988929015	124.91633509842688	122.43372932312224	119.6441890304102	116.61103016786338	113.40085667064984	110.08125589466445	106.71854175113106	103.37568708912812	100.11058007360383	96.974713392673365	94.012372187167131	91.260333509266019	88.748036828955506	86.498141563478313	84.52736069720882	82.847451390929564	81.466251530620525	80.38866995478277	79.617561366625452	79.154439433889351	79	79.154439433889394	79.617561366625537	80.388669954782884	81.466251530620696	82.847451390929734	84.527360697209005	86.498141563478541	88.748036828955748	91.260333509266246	94.012372187167358	96.974713392673564	100.11058007360404	103.37568708912832	106.7185417511312	110.08125589466455	113.40085667064994	116.61103016786345	119.64418903041026	122.43372932312226	124.91633509842686	127.03419889290146	128.73704722097185	129.9838857453143	130.7444039022422	131	130.74440390224225	129.98388574531435	128.73704722097199	127.03419889290164	124.91633509842707	122.43372932312251	119.64418903041053	116.61103016786373	113.40085667065024	110.08125589466486	106.71854175113151	103.37568708912868	100.11058007360438	96.974713392673891	94.012372187167671	91.260333509266545	88.748036828956003	86.498141563478768	84.527360697209204	82.847451390929905	81.466251530620838	80.388669954782998	79.617561366625608	79.154439433889422	79	79.154439433889308	79.617561366625367	80.388669954782614	81.466251530620326	82.84745139092928	84.527360697208451	86.498141563477915	88.748036828955023	91.260333509265479	94.012372187166505	96.974713392672655	100.11058007360307	103.37568708912734	106.71854175113019	110.08125589466356	113.40085667064896	116.61103016786249	119.64418903040939	122.43372932312147	124.91633509842616	127.03419889290087	128.73704722097139	129.98388574531398	Time (s)


Height (mm)




Graph to Show the Change in Velocity
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Graph to Show to Show Acceleration and Force
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Crank Radius (mm) 26 mm
Conrod Length (mm) 105 mm
RPM 11000 rpm ® 1151.92
Compute Time Interval 0.0002
Mass of Piston/gudgeonpin etc (kg) 0.12 Max tensile force on rod 5127.87
Time (s) 0 00002 0.0004 0.0006 0.0008 0001 00012 00014 00016 00018  0.002 00022 0.0024 00026 0.0028  0.003 0.0032 0.0034 0.0036 0.0038
Crank Angle (radians) 0 0.23038 046077 0.69115 0.92153 1151917306 1.3823 161268 1.84307 2.07345 2.30383 253422 2.7646 2.99498 3.22537 3.45575 3.68614 3.91652 4.1469 437729
Crank Angle (degrees) 0 13.2 26.4 39.6 52.8 66 79.2 924 1056 1188 132 1452 1584 1716  184.8 198 2112 2244 2376 2508
Distance X 0 593712 11.5605 16.573 20.7098 237521819 25.5395 25.9772 25.0422 22.784 19.3218 14.8386 9.57124 3.79816 -2.17562 -8.03444 -13.4687 -18.1912 -21.9525 -24.5538
inv sine phi 0 005654 0.1101 0.15784 0.19724 0226211256 0.24323 0.2474  0.2385 0.21699 0.18402 0.14132 0.09115 0.03617 -0.02072 -0.07652 -0.12827 -0.17325 -0.20907 -0.23385
phi (radians) 0 005657 011032 0.1585 0.19854 0.228186347  0.2457 025 0.24082 0.21873 0.18507 0.14179 0.09128 0.03618 -0.02072 -0.07659 -0.12863 -0.17413 -0.21063 -0.23603
| Height (dist between top of conrod and crankshaft) 131 130145 127.65 123.717 118.657 112.8533706 106719 100.647 94.9781 89.9727 85.8095 82.5963 80.3887 79.2102 79.0686 79.9647 81.8931 84.8359 88748 93.5382
| Velocity mm/s -4274.69 -124745  -19665 25301 -29018 -30674.1443 -30357.2 -28344.9 -25027.3 -20815.6 -16065.9 -11038.4 -5892.34 -707.79 4480.22 96421 147139 19560.7 23950.9 275519
|Velocity m/s ¥ 4.27469" -12.47457 -19.665" -25.3017 -29.018” -30.6741443" -30.3572" -28.34497 -25.0273” -20.8156” -16.0659” -11.0384” -5.892347 -0.70779” 4.48022" 9.64217 14.7139” 19.5607” 23.9509” 27.5519
| Acceleration -40999.2 -35952.2 -28180.3 -18584.7 -8280.95 1584.527825 10061.7 16587.9 21058.5 23748.4 25137.8 25730.1 25922.8 25940.1 25809.4 25359 242342 21950.6 18005.1 12047.7
Force -4919.9 -4314.26 -3381.64 -2230.16 -993.714 190.143339 1207.4 1990.55 2527.02 2849.81 3016.53 3087.62 311073 3112.81 3097.13 3043.08 2908.11 2634.08 2160.62 1445.72
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