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This report will investigate the forces acting upon a connecting rod in an internal combustion engine. 
Two engines will be compared with different design aspects, these aspects will be compared to demonstrate the impact they have on connecting rod forces. 
Engine measurements have been input into a spreadsheet to calculate velocity and forces, these have demonstrated how mass and acceleration can affect the tensile forces acting upon the connecting rod.
Multiple engine design characteristics have been discussed of how to improve engine design.
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[bookmark: _Toc26708913]Introduction

This report will investigate the forces acting on a connecting rod in an internal combustion engine. 
Different engines will be assessed to observe how various characteristics such as the mass of the components effect the forces acting upon the connecting rod at a range of engine speeds. 
The different parameters will be input into an excel spreadsheet to calculate the forces being produced, this information will be presented in various graphs to compare the impact of different engine design characteristics on con rod load.
The engine specifications will be taken from manufacturer’s information.

[bookmark: _Toc26708914]The Connecting Rod.

The connecting rod is a key component within an internal combustion engine it is submitted to high forces throughout the four stroke cycle. The connecting rod transfers the forces acting upon the piston though to the crankshaft changing reciprocating motion into rotary motion. The forces acting upon the con rod vary from each stroke, it is compressed during the power and compression strokes and stretched on the induction and exhaust strokes due to the piston velocity having to be stopped at top dead center. 
Due to the forces acting upon it the con rod must be made of a material that is very strong but also light so that it does not have an adverse effect on the rotating mass within the engine. The material commonly used in production of con rods is steel, however in performance applications other materials such as aluminum alloys and titanium are being used to cope with the extra stress demands.




“Connecting rods are nearly always made from steel forgings, accurately machined where necessary. In high performance engines they are often machined all over to reduce weight to the minimum and polished to remove surface scratches, which might lead to fatigue or failure. 
Some exotic and expensive alloys or steels are now used in high performance and racing engines; these material provide reduced weight with increased strength but at a high cost”
(Hillier and Coombes, 2004,p.58)

[bookmark: _Toc25498007]The two main parts that make up a connecting rod are the small end and the big end, the small end has the Gudgeon pin inserted through it linking the con rod and the piston. The big end is constructed in two parts and is clamped around the crankshaft. The construction of the big end section of the con rod has been altered multiple times to try and gain the best mate between the big end cap and the connecting rod, the most common design in modern engines is to construct the con rod as one piece and then crack the big end into two pieces. This manufacturing process gives a perfect joint between the cap and the connecting rod, this reduces any tolerance between the two surfaces.
[bookmark: _Toc26708915]Method

Research will be conducted into engine specifications and manufacturers data to gain the information needed to calculate the con rod load. Measurements of components such as the crankshaft radius, con rod length and piston mass will be input into the excel spreadsheet shown below to collate the information.
[image: ]Engine Specifications to change.


When adjustments are made to the engine measurements the spreadsheet will output data in multiple formats such as graphs and maximum load figures. This information can be used to compare the data across different engines or used to influence engine design.
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[bookmark: _Toc26708629]Table 1 - Ford Zetec Imperial Measurements
	Crank Radius (inches)
	1.675         (Stroke = 3.350)

	Con rod Length (inches)
	5.230

	Max RPM 
	6800

	Piston / Gudgeon Pin Mass (Kg)
	0.380



Inches to mm conversion.

Crank Radius.


Con Rod.


[bookmark: _Toc26708630]Table 2 - Ford Zetec Metric Measurements
	Crank Radius (mm)
	41.875

	Con rod Length (mm)
	132.842

	Max RPM 
	6800

	Piston / Gudgeon Pin Mass (Kg)
	0.380





[bookmark: _Toc26708631]Table 3 - VAG PD Metric Measurements
	Crank Radius (mm)
	47.75

	Con rod Length (mm)
	144

	Max RPM 
	5000

	Piston / Gudgeon Pin Mass (Kg)
	0.497
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[bookmark: _Toc26708632][bookmark: _Toc25498013]Table 4 - Connecting Rod Height During Engine Operation


The height represents the distance between the crankshaft and the top of the con rod, as can be seen from the graph this varies on crankshaft position. Due to the engine design this variation will be limited to double the crank radius, this distance is known as the stroke. If an engine is designed with a longer stroke it will result in a slower maximum RPM due to the distance the piston has to travel. This will however give greater torque output due to the longer crank radius acting around the center point of the crank. Some engine designs where high torque is not a necessity such as motorcycle engines will have a shorter stroke allowing for much higher engine RPM.
Demonstrated in the above graph the PD engine has a larger crank radius therefore the distance between the crank center and the top of the con rod is larger than the Zetec engine. The effects of this can be seen when looking at the max RPM figures with the Zetec engines max RPM at 6800 and the PD engine at 5000. 
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[bookmark: _Toc26708633]Table 5 - Velocity


As can be seen in the graph above the velocity varies between acceleration and deceleration dependent upon engine position. The piston will be accelerated throughout the strokes but they have to be stopped at the end of each stroke, this creates not only compression forces on the con rod but also stretching forces when it is being slowed. The two main factors that can effect these forces are the weight of the piston and the engine speed. As stated in Newton’s second law:
The Relationship between force, mass and acceleration is given in the following equation: 

Where F = force in newton’s, m = mass in kg, a = acceleration in m/s²
(Bonnick, 2008, p.115)
As engine speed is normally a desired aspect for performance engines, engine designers have looked to reduce weight in components such as pistons and con rods to reduce the forces acting upon them. Pistons have been redesigned to remove mass as well as different lighter materials being used.
Pistons and rods are actually under some of the most extreme stress at TDC during changeover between exhaust and intake strokes, where there’s little resistance to the upward motion of the piston from pressure in the chamber, and the piston is suddenly changing direction as the motion of the crank starts to yank it back down the bore.
Huizenga (2018)
The Graph above shows the calculated velocity of the two engines that were looked at during this investigation, the peak velocity of the Zetec engine is higher than the PD due to the higher maximum RPM. 
[bookmark: _Toc25498015][bookmark: _Toc26708919]Acceleration and Tensile Force.[bookmark: _Toc26708634]Table 6 - Acceleration and Tensile Force Zetec Engine


As can be seen in the above graph the forces acting upon the con rod follow the trend of the acceleration due to the force being directly related to the acceleration. The maximum tensile force measured on the connecting rod 10580.04 N.
[bookmark: _Toc26708635]Table 7 - Acceleration and Tensile Force PD Engine


The Maximum tensile force acting upon the connecting rod of the PD Engine is 8650.458N this force is lower than the forces on the Zetec engine because the maximum RPM is lower.
To further compare the results I changed the mass of the piston on the Zetec engine to the same mass as the PD Engine, this resulted in the maximum tensile force acting upon the rod reaching 13838.09N. This confirms that to allow the engine RPM to be higher the piston mass must be reduced. 

[bookmark: _Toc26708920]Connecting Rod Failures.

Connecting rod failure can be caused by many different things however the main cause of rod failure is the forces acting upon it exceed the forces it was designed to handle. These forces can be increased by things such as increasing the maximum engine RPM, it is a common modification to have the engine rev limiter removed without upgrading any other engine components. This is obviously going to increase the forces acting upon the connecting rod, the only modification to maintain the forces with higher RPM is to reduce the mass being accelerated. 


“The Tensile Strength of a material is the maximum tensile stress that the material can bear before breaking “

The tensile strength of a connecting rod should never be reached during normal engine operation, there should always be a safe tolerance to work within. 
(Bonnick, 2008, p.73)

“In order to preserve the strength and working properties of a component, the maximum load to which a material is subjected is restricted to a figure which is below the tensile strength of the material. This maximum working load gives rise to the allowable working stress and it is a fraction of the tensile strength of the material”
(Bonnick, 2008, p.74)
[bookmark: _Toc26708921]Conclusion

In conclusion, it is clear to see from the calculated results that piston mass and velocity have a clear impact on the forces acting upon the connecting rod. As seen in the research the lower the tensile forces acting upon the con rod the less likely it is for the component to fail.
It is a balance for engine manufacturers to ensure reliability, performance and cost. In an ideal situation expensive materials should be used to lower the piston mass and make the con rod stronger, however this will increase production costs in most cases unnecessarily. 
Calculations that were carried out in this investigation are key in engine design to ensure the optimum balance between cost and suitable components to reach the desired end result. 
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Height (mm)




Velocity

Velocity m/s Zetec Engine	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	-2.7849675921707724	-8.2622026295193507	-13.465109182857162	-18.22340993504497	-22.385806532513897	-25.827501629570545	-28.457192148295714	-30.222789518720102	-31.114851954657894	-31.166653421757786	-30.450123415771131	-29.067620188341721	-27.140483768703376	-24.796187354066603	-22.156271870574141	-19.326930728513499	-16.393269219853575	-13.417283709039936	-10.438864167805377	-7.4787971990321012	-4.5427964002175258	-1.6258561224185542	1.2834485746600421	4.1988164106097514	7.1321523318632529	10.089437421414187	13.066446315538229	16.044386285366983	18.985798621563248	21.831388135402392	24.49873021321153	26.883889503706371	28.866707604617616	30.319819799922385	31.1204928453148	31.163494931369225	30.372814906803427	28.710336574341255	26.180404973567875	22.830213902636416	18.746715630768449	14.051113380798624	8.8919729806532626	3.4377350713756982	-2.130912782261305	-7.6286224447710538	-12.872929674674223	-17.691826216005495	-21.931385772350467	-25.463314520253277	-28.192038931900782	-30.060624452747078	-31.054534444753155	-31.202144531942224	-30.571187596970049	-29.260987747158183	-27.391311363409372	-25.089570919260282	-22.478558364700731	-19.666645704515702	-16.741591800023059	-13.768109290437776	-10.788562114146529	-7.825787339434811	-4.8870474771389638	-1.96837192590678	0.94112697541063994	3.8550918251992523	6.7858505318118745	9.7403002696712075	12.715643172974893	15.69502289666076	18.643367001868327	21.504062346884961	24.197386469719433	26.621735148938868	28.658458349781593	30.180465795997119	31.063811754662396	31.200555305411655	30.510724934170526	28.951425454833952	26.521909658523551	23.264432532020862	19.261518093525748	14.630679205181989	9.5176450177910947	4.0889137288490929	-1.4758728538461696	-6.9915230788178917	-12.274841557164676	-17.152194774842684	-21.467133427720029	-25.087966123126932	-27.914931957660514	-29.886303708875204	-30.982458013302363	-31.226823159640414	-30.682826979606968	-29.446603075606248	-27.636164482355593	-25.378690874181796	-22.798088268896702	-20.00482140750556	-17.089269828355995	-14.118873306388622	-11.138509969942092	-8.1731229089707114	-5.2315841005985675	-2.3110178595658226	0.59886867606330441	3.511605831749804	6.4398876414900021	9.3914683102458696	12.364916741075474	15.345254712182594	18.299748963653709	21.174445452445877	23.892339865669641	26.354225810304186	28.443081629983666	30.032253841271906	30.996764800477052	31.226132402006073	30.636552188231288	29.180420354468591	26.851908482988165	23.688293673280469	19.767597372484005	15.203547402925324	10.138932604369586	4.7382029646847457	-0.82015057047968298	-6.3511971845528583	-11.671114996104279	-16.604750835850126	-20.993237607466284	-24.701586385010756	-27.625934483677806	-29.69981963973936	-30.898545949858232	-31.240552452466801	-30.784860170401483	-29.624260414849598	-27.874834352435727	-25.663354302431287	-23.114698162550837	-20.341331179892133	Velocity m/s PD Engine	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	-1.7405347212798006	-5.189890140000557	-8.5447822829007691	-11.744506085973113	-14.731786296224099	-17.454186101804652	-19.86552517298918	-21.927270607666287	-23.609836227202265	-24.893695996507006	-25.770192273950126	-26.241907798434738	-26.32248116137788	-26.035785734052581	-25.414461632339851	-24.497879577964738	-23.329705421122853	-21.955301287179552	-20.41922445622248	-18.763060657355268	-17.023761973148908	-15.232570339496474	-13.414519021434684	-11.588435475592432	-9.7673293912274772	-7.9590394210483595	-6.167024420620919	-4.3912105365554766	-2.6288355479577064	-0.87526024036975514	0.87526024036968408	2.6288355479576353	4.3912105365554766	6.1670244206209901	7.9590394210482174	9.7673293912274772	11.58843547559222	13.414519021434756	15.232570339496474	17.023761973148833	18.76306065735541	20.419224456222551	21.955301287179335	23.329705421122995	24.497879577964881	25.414461632339851	26.035785734052723	26.32248116137788	26.241907798434593	25.770192273950268	24.893695996507006	23.609836227202408	21.927270607666429	19.865525172989038	17.454186101804652	14.731786296224241	11.744506085972828	8.5447822829007691	5.1898901400006991	1.7405347212796585	-1.7405347212798006	-5.1898901400008404	-8.5447822829009112	-11.74450608597297	-14.731786296224383	-17.454186101804794	-19.865525172989461	-21.927270607666145	-23.609836227202688	-24.893695996507006	-25.770192273950126	-26.241907798434738	-26.322481161378164	-26.035785734052439	-25.414461632339851	-24.497879577964738	-23.329705421123066	-21.955301287179193	-20.419224456222409	-18.763060657355339	-17.023761973148549	-15.232570339496403	-13.414519021434328	-11.588435475592361	-9.7673293912274062	-7.9590394210481463	-6.167024420620776	-4.3912105365556178	-2.6288355479575638	-0.87526024036975514	0.87526024036975514	2.6288355479576353	4.3912105365555467	6.167024420620919	7.9590394210481463	9.7673293912274772	11.588435475592149	13.414519021434542	15.23257033949619	17.023761973148979	18.763060657354984	20.419224456222338	21.955301287179267	23.329705421122853	24.49787957796417	25.414461632339993	26.035785734052155	26.322481161377592	26.241907798434738	25.770192273949984	24.893695996506722	23.609836227202688	21.927270607666145	19.865525172989461	17.454186101804794	14.731786296224811	11.744506085973113	8.5447822829013358	5.1898901400011255	1.740534721280369	-1.74053472127909	-5.1898901400001307	-8.5447822829000586	-11.74450608597212	-14.731786296223817	-17.454186101803799	-19.865525172988612	-21.927270607665431	-23.609836227202265	-24.893695996506437	-25.770192273949561	-26.241907798434738	-26.322481161377734	-26.035785734052297	-25.414461632340135	-24.497879577964596	-23.329705421123279	-21.955301287179978	-20.419224456222764	-18.763060657355553	-17.023761973149547	-15.232570339496831	-13.414519021435183	-11.58843547559286	-9.7673293912280457	-7.9590394210488569	-6.1670244206214875	-4.3912105365561862	Time (s)


Velocity (m/s)




Acceleration and Tensile Force Zetec Engine
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Chart 6 - 5 v
A B c D E F G H 1 J K L M N o P Q R s S
1
2_|crank Radius (mm) 47.75 mm
3 | Conrod Length (mm) 144 mm
4 |Rem 5000 rpm © 523.5088
5 |Compute Time Interval 0.0002
6 | Mass of Piston/gudgeonpin etc (kg) 0.497 Max tensile force on rod 8650.458
7
8 [Time (s) 0 00002 0.0004 0.0006 0.0008 0001 00012 00014 00016 0.0018  0.002 0.0022 0.0024 0.0026 0.0028  0.003 0.0032
9 | Crank Angle (radians) 0 010472 0.20944 0314159 0.418879 0.523598776 0.628319 0.733038 0.837758 0.942478 1.047198 1.151917 1256637 1361357 1466077 1570796 1.675516 1.7
10 | Crank Angle (degrees) 0 6 12 18 24 30 36 2 8 54 60 66 72 78 8 %0 %6
11 | Distance X 0 4.991234 9.927783 14.75556 19.42167 23.875 28.06675 31.95099 35.48517 38.63056 4135271 43.6218 45.41205 46.70655 47.48842  47.75 47.48842 46.
12 |inv sine phi 0 0.034661 0.068943 0.102469 0.134873 0.165798611 0.194908 0.221882 0.246425 0.268268 0.287172 0.302929 0.315368 0.324351 0.329781 0.331597 0.329781 0.3
13 | phi (radians) 0 0.034668 0.068998 0.102649 0.135285 0.166567776 0.196164 0.223744 0.24899 0.271594 0.291273 0.307765 0.320844 0.330326 0.336071 0.337996 0.336071 0.3
14
15
16 | Height (dist between top of conrod and crankshaft) 191.75 191.4019 1903639 188.655 186.3061 183.3597001 179.8689 175.8958 171.5103 166.7883 161.8096 156.6556 151.4072 146.1427 140.9355 135.8526 130.9531
17 | Velocity mm/s 1740.53 -5189.80 -8544.78 -11744.5 -14731.8  -17454.1861 -19865.5 -21927.3 -23609.8 -24893.7 -25770.2 -26241.9 -26322.5 -26035.8 -25414.5 -24497.9 -23320.7
18 | Velocity m/s 74053 -5.18989” -8.54478  -11.7445” -14.7318" -17.4541861 -19.8655 " -21.9273” -23.6098” -24.8037 -25.7702 -26.2419 -26.3225” -26.0358  -25.4145” -24.4979” -23.3207
19 | Acceleration -17246.8 -16774.5 -15098.6 -14936.4 -13612 -12056.69536 -10308.7 -8412.83 -6419.3 -4382.48 -2358.58 -402.867 1433.477 3106.621 4582.91 5840.871 6872.021
20 Force -8571.65 -8336.91 -7951.31 -7423.39 -6765.16 -5992.177592 -5123.44 -418118 -3190.39 -2178.09 -1172.21 -200.225 712.4381 1543.99 2277.706 2902.913 3415.394
z Accelerati
;; Height 30 Velocity cceleration
15000
24 250 2
;2 200 10000
10
27 150 5000
28 o
=2 100 ——height ISESB8IARR G —veloty 0
= SEREBR44R% A A Wy A
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