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CATIA Kinematics Tutorial

Overview:
	This tutorial will explain how to create a simple piston engine, animate it and run kinematic analysis. From constraining the parts, creating joints and commands to analyzing the data in both CATIA and Excel, this tutorial will show the basics steps as well as a few trouble shooting solutions to this process.

Constraining the Part

· It’s really important that the product is fully assembled and can work how it was design in the assembly workbench.
· While this doesn’t seem all that important it not only saves time when entering the DMU kinematics portion, but also allows for any unseen problems to be fixed earlier on
· The product should be able to work properly when the manipulate button is selected, also with respect to constraints checked, and maneuvered
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Importing into the DMU workspace/ converting constraints
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· Select the kinematic workbench under, the Digital Mock Up tab, in the start menu
· Once inside the Kinematics workbench select the assembly constraints conversions and the wait for the constraints to become joints.
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· Once the mechanism has been created, go through the joints in the tree and double click on the 
· joints that need to be defined to limit the DOF’s (degrees of freedom).
· One you have double clicked on the particular joints, it will then create a command.
· If you are defining a revolute joint, select angle driven in the menu and set the boundaries.
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· Here you can see the Commands that have been generated.
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· Now you can select the Simulation button and slide the Commands previously created through their range of movement. 
· By simply sliding the bars you can determine which Command will drive the simulation.
· Also, remember which Command it is, so later it will be easy to define a time based formula.
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· Here is the Mechanism Analysis menu. It will tell you the status of the mechanism and whether enough Commands have been added to fully define it.
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· Select the Command which you want to be the focus of the Simulation by either clicking or dragging the slide that corresponds with the Command.
· Then in the window on the right select insert.
· The button below the “skip to start” button can be toggled to three different settings. The current setting plays through once and stops at the end.
· The drop down box on the right allows you to set how quickly the animation plays.
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· To output the data for a point we must first have a point to track. To create one just double click on a component and define a point.
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· Click on the formula button, or select it within the menu.
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· Select the Command you wish to constrain with time, click add formula. Edit the field.
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· Click on the “Speed and Acceleration” button to access this menu.
· Select a stationary part as a “reference product”, in this case the engine block.
· Then select the point you wish to track, the point that was just created.
[image: ]
· Now click “Simulation with Laws”, the window on the right will appear.
· You can set the overall run time (and thus cycles) by clicking the ellipsis.
· You can adjust the quality of the animation and data by changing the number of steps. This can be a manually input number or one selected in the drop down menu.
· Once you check “Activate sensors the window on the left will appear; now you can select which pieces of data you want to output data for. “Graphics” will show you a graph within CATIA, “File” will allow you to export the data to Excel.
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· In the sensors box you must select what you wish CATIA to analyze.  In the selection tab toggle values you wish to have analyzed by clicking on them, this will change the ‘No’ in the observed column to ‘Yes’.  To ensure you have the appropriate values being observed, enter the instantaneous values tab, this will list all of the values selected.
· Prior to simulating it is important to go into the history tab in the sensor box.  Be sure to clear the history.  If this step is ignored output of data may be misleading.
· With the sensors activated, run the kinematic simulation. This will collect the desired data. Clicking “Graphics” allows for a review of the data.  Export the data to Excel by clicking “File”.  The document output will have columns titled the same as the titles in the selection tab.
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· These are the types of charts CATIA can save. The drawback to these is you can  only view one scale/one unit at a time, which can be confusing when you have 3,4,5… different things graphed requiring different scales and or units.



· Here is some data charted in Excel from the spreadsheets exported into Excel.  The advantage to these is that you can chart everything separately so it is very clear.
· Also you can easily calculate mean piston speed, add in a column for angular displacement, or many other customizations.
· One thing to be wary of is that CATIA will report data (speeds, accelerations, et cetera) with respect to major axes- not in relation to your parts or any, necessarily, easily conceived conventions. While the engine in this simple tutorial happened to be aligned with a simple axis, had the piston traveled at skewed angle, it would have been necessary to resolve the data to reflect that. Easily done in Excel, albeit.

Linear Speed for Single Cycle of Howell V4 at 1000rpm
Linear Speed	0	2.4000000000000001E-4	4.8000000000000001E-4	7.2000000000000005E-4	9.6000000000000002E-4	1.1999999999999999E-3	1.4400000000000001E-3	1.6800000000000001E-3	1.92E-3	2.16E-3	2.3999999999999998E-3	2.64E-3	2.8800000000000002E-3	3.1199999999999999E-3	3.3600000000000001E-3	3.5999999999999999E-3	3.8400000000000001E-3	4.0800000000000003E-3	4.3200000000000001E-3	4.5599999999999998E-3	4.7999999999999996E-3	5.0400000000000002E-3	5.28E-3	5.5199999999999997E-3	5.7600000000000004E-3	6.0000000000000001E-3	6.2399999999999999E-3	6.4799999999999996E-3	6.7200000000000003E-3	6.96E-3	7.1999999999999998E-3	7.4400000000000004E-3	7.6800000000000002E-3	7.92E-3	8.1600000000000006E-3	8.3999999999999995E-3	8.6400000000000001E-3	8.8800000000000007E-3	9.1199999999999996E-3	9.3600000000000003E-3	9.5999999999999992E-3	9.8399999999999998E-3	1.008E-2	1.0319999999999999E-2	1.056E-2	1.0800000000000001E-2	1.1039999999999999E-2	1.128E-2	1.1520000000000001E-2	1.176E-2	1.2E-2	1.2239999999999999E-2	1.248E-2	1.272E-2	1.2959999999999999E-2	1.32E-2	1.3440000000000001E-2	1.3679999999999999E-2	1.392E-2	1.4160000000000001E-2	1.44E-2	1.464E-2	1.4880000000000001E-2	1.512E-2	1.536E-2	1.5599999999999999E-2	1.584E-2	1.6080000000000001E-2	1.6320000000000001E-2	1.6559999999999998E-2	1.6799999999999999E-2	1.704E-2	1.728E-2	1.7520000000000001E-2	1.7760000000000001E-2	1.7999999999999999E-2	1.8239999999999999E-2	1.848E-2	1.8720000000000001E-2	1.8960000000000001E-2	1.9199999999999998E-2	1.9439999999999999E-2	1.968E-2	1.992E-2	2.0160000000000001E-2	2.0400000000000001E-2	2.0639999999999999E-2	2.0879999999999999E-2	2.112E-2	2.1360000000000001E-2	2.1600000000000001E-2	2.1839999999999998E-2	2.2079999999999999E-2	2.232E-2	2.256E-2	2.2800000000000001E-2	2.3040000000000001E-2	2.3279999999999999E-2	2.3519999999999999E-2	2.376E-2	2.4E-2	2.4240000000000001E-2	2.4479999999999998E-2	2.4719999999999999E-2	2.496E-2	2.52E-2	2.5440000000000001E-2	2.5680000000000001E-2	2.5919999999999999E-2	2.6159999999999999E-2	2.64E-2	2.664E-2	2.6880000000000001E-2	2.7119999999999998E-2	2.7359999999999999E-2	2.76E-2	2.784E-2	2.8080000000000001E-2	2.8320000000000001E-2	2.8559999999999999E-2	2.8799999999999999E-2	2.904E-2	2.928E-2	2.9520000000000001E-2	2.9760000000000002E-2	0.03	3.024E-2	3.048E-2	3.0720000000000001E-2	3.0960000000000001E-2	3.1199999999999999E-2	3.1440000000000003E-2	3.168E-2	3.1919999999999997E-2	3.2160000000000001E-2	3.2399999999999998E-2	3.2640000000000002E-2	3.288E-2	3.3119999999999997E-2	3.3360000000000001E-2	3.3599999999999998E-2	3.3840000000000002E-2	3.4079999999999999E-2	3.4320000000000003E-2	3.456E-2	3.4799999999999998E-2	3.5040000000000002E-2	3.5279999999999999E-2	3.5520000000000003E-2	3.576E-2	3.5999999999999997E-2	3.6240000000000001E-2	3.6479999999999999E-2	3.6720000000000003E-2	3.696E-2	3.7199999999999997E-2	3.7440000000000001E-2	3.7679999999999998E-2	3.7920000000000002E-2	3.8159999999999999E-2	3.8399999999999997E-2	3.8640000000000001E-2	3.8879999999999998E-2	3.9120000000000002E-2	3.9359999999999999E-2	3.9600000000000003E-2	3.984E-2	4.0079999999999998E-2	4.0320000000000002E-2	4.0559999999999999E-2	4.0800000000000003E-2	4.104E-2	4.1279999999999997E-2	4.1520000000000001E-2	4.1759999999999999E-2	4.2000000000000003E-2	4.224E-2	4.2479999999999997E-2	4.2720000000000001E-2	4.2959999999999998E-2	4.3200000000000002E-2	4.3439999999999999E-2	4.3679999999999997E-2	4.3920000000000001E-2	4.4159999999999998E-2	4.4400000000000002E-2	4.4639999999999999E-2	4.4880000000000003E-2	4.512E-2	4.5359999999999998E-2	4.5600000000000002E-2	4.5839999999999999E-2	4.6080000000000003E-2	4.632E-2	4.6559999999999997E-2	4.6800000000000001E-2	4.7039999999999998E-2	4.7280000000000003E-2	4.752E-2	4.7759999999999997E-2	4.8000000000000001E-2	4.8239999999999998E-2	4.8480000000000002E-2	4.8719999999999999E-2	4.8959999999999997E-2	4.9200000000000001E-2	4.9439999999999998E-2	4.9680000000000002E-2	4.9919999999999999E-2	5.0160000000000003E-2	5.04E-2	5.0639999999999998E-2	5.0880000000000002E-2	5.1119999999999999E-2	5.1360000000000003E-2	5.16E-2	5.1839999999999997E-2	5.2080000000000001E-2	5.2319999999999998E-2	5.2560000000000003E-2	5.28E-2	5.3039999999999997E-2	5.3280000000000001E-2	5.3519999999999998E-2	5.3760000000000002E-2	5.3999999999999999E-2	5.4239999999999997E-2	5.4480000000000001E-2	5.4719999999999998E-2	5.4960000000000002E-2	5.5199999999999999E-2	5.5440000000000003E-2	5.568E-2	5.5919999999999997E-2	5.6160000000000002E-2	5.6399999999999999E-2	5.6640000000000003E-2	5.688E-2	5.7119999999999997E-2	5.7360000000000001E-2	5.7599999999999998E-2	5.7840000000000003E-2	5.808E-2	5.8319999999999997E-2	5.8560000000000001E-2	5.8799999999999998E-2	5.9040000000000002E-2	5.9279999999999999E-2	5.9520000000000003E-2	5.9760000000000001E-2	0.06	1.12764	1.1274	1.1262700000000001	1.1242799999999999	1.1214500000000001	1.1177900000000001	1.11331	1.10805	1.10202	1.09524	1.0877300000000001	1.07952	1.07063	1.06108	1.0508999999999999	1.0401100000000001	1.0287299999999999	1.0167900000000001	1.00431	0.99132100000000001	0.97784099999999996	0.96389800000000003	0.94951300000000005	0.93471199999999999	0.919516	0.90395000000000003	0.88803500000000002	0.87179300000000004	0.85524599999999995	0.83841500000000002	0.82131900000000002	0.80397799999999997	0.786412	0.76863800000000004	0.75067300000000003	0.73253599999999996	0.71423999999999999	0.69580299999999995	0.67723699999999998	0.65855799999999998	0.63977700000000004	0.62090699999999999	0.60196000000000005	0.58294500000000005	0.56387399999999999	0.54475499999999999	0.52559699999999998	0.50640700000000005	0.48719299999999999	0.46796100000000002	0.44871699999999998	0.42946600000000001	0.41021299999999999	0.39096199999999998	0.37171700000000002	0.35248000000000002	0.33325300000000002	0.31403999999999999	0.29484199999999999	0.27565899999999999	0.25649300000000003	0.237344	0.21821199999999999	0.199097	0.17999799999999999	0.160915	0.141846	0.122791	0.10374800000000001	8.4714700000000004E-2	6.5690299999999993E-2	4.6672699999999998E-2	2.7659900000000001E-2	8.6501000000000008E-3	1.03588E-2	2.93688E-2	4.8381899999999999E-2	6.7400100000000004E-2	8.6425299999999997E-2	0.105459	0.124504	0.14355999999999999	0.16263	0.18171499999999999	0.20081499999999999	0.21993199999999999	0.239065	0.258216	0.27738299999999999	0.296568	0.31576799999999999	0.334982	0.354209	0.37344699999999997	0.39269399999999999	0.41194500000000001	0.43119800000000003	0.45044800000000002	0.469692	0.48892200000000002	0.508135	0.52732199999999996	0.54647800000000002	0.56559300000000001	0.58465900000000004	0.60366799999999998	0.62260899999999997	0.64147200000000004	0.66024400000000005	0.67891400000000002	0.69746900000000001	0.71589400000000003	0.73417600000000005	0.75229900000000005	0.77024700000000001	0.78800400000000004	0.80555100000000002	0.82286999999999999	0.839943	0.85675000000000001	0.87327100000000002	0.88948400000000005	0.90536899999999998	0.92090300000000003	0.93606400000000001	0.95082900000000004	0.96517500000000001	0.979078	0.99251400000000001	1.00546	1.01789	1.0297799999999999	1.04111	1.05185	1.0619700000000001	1.0714699999999999	1.0803	1.0884400000000001	1.09589	1.1026	1.10856	1.11375	1.11815	1.12174	1.1245000000000001	1.1264099999999999	1.1274599999999999	1.1276299999999999	1.1269	1.1252599999999999	1.1227100000000001	1.1192200000000001	1.1147899999999999	1.10941	1.10307	1.09578	1.08751	1.0782799999999999	1.0680799999999999	1.0569	1.0447599999999999	1.03166	1.01759	1.00257	0.98660300000000001	0.96969700000000003	0.95186400000000004	0.93311500000000003	0.91346400000000005	0.89292400000000005	0.87151199999999995	0.84924500000000003	0.82614100000000001	0.80221900000000002	0.777501	0.75200800000000001	0.72576399999999996	0.69879199999999997	0.67111699999999996	0.64276699999999998	0.61376699999999995	0.58414600000000005	0.55393199999999998	0.52315599999999995	0.49184699999999998	0.46003699999999997	0.427757	0.39504	0.36191899999999999	0.32842700000000002	0.29459800000000003	0.260467	0.22606899999999999	0.191438	0.156611	0.12162199999999999	8.6508699999999994E-2	5.13061E-2	1.60508E-2	1.9221100000000001E-2	5.4473199999999999E-2	8.9669200000000004E-2	0.124773	0.159748	0.19455900000000001	0.22917100000000001	0.263546	0.297651	0.331451	0.36491099999999999	0.39799699999999999	0.430676	0.46291500000000002	0.49468200000000001	0.52594399999999997	0.55667100000000003	0.58683200000000002	0.61639900000000003	0.64534100000000005	0.67363200000000001	0.70124399999999998	0.72815200000000002	0.75432900000000003	0.77975300000000003	0.8044	0.82824900000000001	0.85127900000000001	0.87346999999999997	0.89480400000000004	0.91526399999999997	0.93483499999999997	0.95350199999999996	0.971252	0.98807299999999998	1.00396	1.0188900000000001	1.03287	1.04589	1.0579400000000001	1.0690299999999999	1.07914	1.08829	1.0964700000000001	1.10368	1.1099300000000001	1.1152200000000001	1.1195600000000001	1.12297	1.12544	1.127	1.12764	
Linear Acceleration for Single Cycle of Howell V4 at 1000rpm
Linear Acceleration	0	2.4000000000000001E-4	4.8000000000000001E-4	7.2000000000000005E-4	9.6000000000000002E-4	1.1999999999999999E-3	1.4400000000000001E-3	1.6800000000000001E-3	1.92E-3	2.16E-3	2.3999999999999998E-3	2.64E-3	2.8800000000000002E-3	3.1199999999999999E-3	3.3600000000000001E-3	3.5999999999999999E-3	3.8400000000000001E-3	4.0800000000000003E-3	4.3200000000000001E-3	4.5599999999999998E-3	4.7999999999999996E-3	5.0400000000000002E-3	5.28E-3	5.5199999999999997E-3	5.7600000000000004E-3	6.0000000000000001E-3	6.2399999999999999E-3	6.4799999999999996E-3	6.7200000000000003E-3	6.96E-3	7.1999999999999998E-3	7.4400000000000004E-3	7.6800000000000002E-3	7.92E-3	8.1600000000000006E-3	8.3999999999999995E-3	8.6400000000000001E-3	8.8800000000000007E-3	9.1199999999999996E-3	9.3600000000000003E-3	9.5999999999999992E-3	9.8399999999999998E-3	1.008E-2	1.0319999999999999E-2	1.056E-2	1.0800000000000001E-2	1.1039999999999999E-2	1.128E-2	1.1520000000000001E-2	1.176E-2	1.2E-2	1.2239999999999999E-2	1.248E-2	1.272E-2	1.2959999999999999E-2	1.32E-2	1.3440000000000001E-2	1.3679999999999999E-2	1.392E-2	1.4160000000000001E-2	1.44E-2	1.464E-2	1.4880000000000001E-2	1.512E-2	1.536E-2	1.5599999999999999E-2	1.584E-2	1.6080000000000001E-2	1.6320000000000001E-2	1.6559999999999998E-2	1.6799999999999999E-2	1.704E-2	1.728E-2	1.7520000000000001E-2	1.7760000000000001E-2	1.7999999999999999E-2	1.8239999999999999E-2	1.848E-2	1.8720000000000001E-2	1.8960000000000001E-2	1.9199999999999998E-2	1.9439999999999999E-2	1.968E-2	1.992E-2	2.0160000000000001E-2	2.0400000000000001E-2	2.0639999999999999E-2	2.0879999999999999E-2	2.112E-2	2.1360000000000001E-2	2.1600000000000001E-2	2.1839999999999998E-2	2.2079999999999999E-2	2.232E-2	2.256E-2	2.2800000000000001E-2	2.3040000000000001E-2	2.3279999999999999E-2	2.3519999999999999E-2	2.376E-2	2.4E-2	2.4240000000000001E-2	2.4479999999999998E-2	2.4719999999999999E-2	2.496E-2	2.52E-2	2.5440000000000001E-2	2.5680000000000001E-2	2.5919999999999999E-2	2.6159999999999999E-2	2.64E-2	2.664E-2	2.6880000000000001E-2	2.7119999999999998E-2	2.7359999999999999E-2	2.76E-2	2.784E-2	2.8080000000000001E-2	2.8320000000000001E-2	2.8559999999999999E-2	2.8799999999999999E-2	2.904E-2	2.928E-2	2.9520000000000001E-2	2.9760000000000002E-2	0.03	3.024E-2	3.048E-2	3.0720000000000001E-2	3.0960000000000001E-2	3.1199999999999999E-2	3.1440000000000003E-2	3.168E-2	3.1919999999999997E-2	3.2160000000000001E-2	3.2399999999999998E-2	3.2640000000000002E-2	3.288E-2	3.3119999999999997E-2	3.3360000000000001E-2	3.3599999999999998E-2	3.3840000000000002E-2	3.4079999999999999E-2	3.4320000000000003E-2	3.456E-2	3.4799999999999998E-2	3.5040000000000002E-2	3.5279999999999999E-2	3.5520000000000003E-2	3.576E-2	3.5999999999999997E-2	3.6240000000000001E-2	3.6479999999999999E-2	3.6720000000000003E-2	3.696E-2	3.7199999999999997E-2	3.7440000000000001E-2	3.7679999999999998E-2	3.7920000000000002E-2	3.8159999999999999E-2	3.8399999999999997E-2	3.8640000000000001E-2	3.8879999999999998E-2	3.9120000000000002E-2	3.9359999999999999E-2	3.9600000000000003E-2	3.984E-2	4.0079999999999998E-2	4.0320000000000002E-2	4.0559999999999999E-2	4.0800000000000003E-2	4.104E-2	4.1279999999999997E-2	4.1520000000000001E-2	4.1759999999999999E-2	4.2000000000000003E-2	4.224E-2	4.2479999999999997E-2	4.2720000000000001E-2	4.2959999999999998E-2	4.3200000000000002E-2	4.3439999999999999E-2	4.3679999999999997E-2	4.3920000000000001E-2	4.4159999999999998E-2	4.4400000000000002E-2	4.4639999999999999E-2	4.4880000000000003E-2	4.512E-2	4.5359999999999998E-2	4.5600000000000002E-2	4.5839999999999999E-2	4.6080000000000003E-2	4.632E-2	4.6559999999999997E-2	4.6800000000000001E-2	4.7039999999999998E-2	4.7280000000000003E-2	4.752E-2	4.7759999999999997E-2	4.8000000000000001E-2	4.8239999999999998E-2	4.8480000000000002E-2	4.8719999999999999E-2	4.8959999999999997E-2	4.9200000000000001E-2	4.9439999999999998E-2	4.9680000000000002E-2	4.9919999999999999E-2	5.0160000000000003E-2	5.04E-2	5.0639999999999998E-2	5.0880000000000002E-2	5.1119999999999999E-2	5.1360000000000003E-2	5.16E-2	5.1839999999999997E-2	5.2080000000000001E-2	5.2319999999999998E-2	5.2560000000000003E-2	5.28E-2	5.3039999999999997E-2	5.3280000000000001E-2	5.3519999999999998E-2	5.3760000000000002E-2	5.3999999999999999E-2	5.4239999999999997E-2	5.4480000000000001E-2	5.4719999999999998E-2	5.4960000000000002E-2	5.5199999999999999E-2	5.5440000000000003E-2	5.568E-2	5.5919999999999997E-2	5.6160000000000002E-2	5.6399999999999999E-2	5.6640000000000003E-2	5.688E-2	5.7119999999999997E-2	5.7360000000000001E-2	5.7599999999999998E-2	5.7840000000000003E-2	5.808E-2	5.8319999999999997E-2	5.8560000000000001E-2	5.8799999999999998E-2	5.9040000000000002E-2	5.9279999999999999E-2	5.9520000000000003E-2	5.9760000000000001E-2	0.06	0.79207799999999995	2.90198	6.5323599999999997	10.0945	13.584199999999999	16.997399999999999	20.330400000000001	23.579699999999999	26.742100000000001	29.814800000000002	32.795200000000001	35.681100000000001	38.470500000000001	41.161700000000003	43.753500000000003	46.244900000000001	48.635300000000001	50.924100000000003	53.111499999999999	55.197600000000001	57.1828	59.068100000000001	60.854399999999998	62.542999999999999	64.135499999999993	65.633600000000001	67.039299999999997	68.354799999999997	69.582300000000004	70.724299999999999	71.783500000000004	72.762600000000006	73.664400000000001	74.492000000000004	75.2483	75.936499999999995	76.559600000000003	77.120900000000006	77.623400000000004	78.070499999999996	78.465299999999999	78.810900000000004	79.110600000000005	79.3673	79.584100000000007	79.764099999999999	79.9101	80.025000000000006	80.111599999999996	80.172600000000003	80.210499999999996	80.227999999999994	80.2273	80.210800000000006	80.180800000000005	80.139399999999995	80.088399999999993	80.03	79.965800000000002	79.897499999999994	79.826800000000006	79.754999999999995	79.683599999999998	79.613799999999998	79.546800000000005	79.483500000000006	79.424999999999997	79.372100000000003	79.325400000000002	79.285600000000002	79.253299999999996	79.228800000000007	79.212400000000002	79.204300000000003	79.204700000000003	79.213499999999996	79.230599999999995	79.255799999999994	79.288799999999995	79.3292	79.376400000000004	79.429900000000004	79.488799999999998	79.552400000000006	79.619699999999995	79.689700000000002	79.761099999999999	79.832800000000006	79.903400000000005	79.971299999999999	80.034999999999997	80.0929	80.143000000000001	80.183499999999995	80.212299999999999	80.227400000000003	80.226500000000001	80.207400000000007	80.167400000000001	80.104200000000006	80.015199999999993	79.897599999999997	79.748599999999996	79.565399999999997	79.345100000000002	79.084699999999998	78.781000000000006	78.431100000000001	78.031700000000001	77.579800000000006	77.072100000000006	76.505399999999995	75.876499999999993	75.182400000000001	74.419799999999995	73.585700000000003	72.677000000000007	71.690899999999999	70.624300000000005	69.474800000000002	68.239500000000007	66.9161	65.502200000000002	63.995699999999999	62.394599999999997	60.697299999999998	58.902200000000001	57.008000000000003	55.013800000000003	52.918700000000001	50.722299999999997	48.424300000000002	46.024900000000002	43.524500000000003	40.923699999999997	38.223700000000001	35.425600000000003	32.531199999999998	29.5425	26.4617	23.2913	20.034400000000002	16.694099999999999	13.273899999999999	9.7776099999999992	6.2091799999999999	2.5729299999999999	1.1265799999999999	4.88462	8.6961999999999993	12.556100000000001	16.459099999999999	20.399699999999999	24.3721	28.3706	32.389400000000002	36.422400000000003	40.463799999999999	44.507300000000001	48.546900000000001	52.576500000000003	56.59	60.581200000000003	64.5441	68.472800000000007	72.361199999999997	76.203400000000002	79.993799999999993	83.726500000000001	87.396199999999993	90.997200000000007	94.524299999999997	97.972399999999993	101.336	104.611	107.79300000000001	110.876	113.85599999999999	116.73	119.49299999999999	122.14100000000001	124.67100000000001	127.078	129.36099999999999	131.51599999999999	133.54	135.43	137.184	138.79900000000001	140.273	141.60499999999999	142.79300000000001	143.834	144.72800000000001	145.47399999999999	146.071	146.517	146.81299999999999	146.95699999999999	146.94999999999999	146.792	146.483	146.023	145.41300000000001	144.654	143.74700000000001	142.69200000000001	141.49199999999999	140.14699999999999	138.66	137.03200000000001	135.26599999999999	133.364	131.328	129.16200000000001	126.86799999999999	124.44799999999999	121.908	119.249	116.476	113.593	110.60299999999999	107.511	104.321	101.038	97.666499999999999	94.211200000000005	90.677199999999999	87.069800000000001	83.394300000000001	79.656099999999995	75.860900000000001	72.014200000000002	68.122	64.19	60.224299999999999	56.230800000000002	52.215699999999998	48.184899999999999	44.1447	40.101100000000002	36.060200000000002	32.028199999999998	28.010999999999999	24.014500000000002	20.044699999999999	16.107299999999999	12.2079	8.3521000000000001	4.5450900000000001	0.79207799999999995	Time (s)

m/s^2
Piston Distance for Single Cycle of Howell V4 at 1000rpm
Y Distance	0	2.4000000000000001E-4	4.8000000000000001E-4	7.2000000000000005E-4	9.6000000000000002E-4	1.1999999999999999E-3	1.4400000000000001E-3	1.6800000000000001E-3	1.92E-3	2.16E-3	2.3999999999999998E-3	2.64E-3	2.8800000000000002E-3	3.1199999999999999E-3	3.3600000000000001E-3	3.5999999999999999E-3	3.8400000000000001E-3	4.0800000000000003E-3	4.3200000000000001E-3	4.5599999999999998E-3	4.7999999999999996E-3	5.0400000000000002E-3	5.28E-3	5.5199999999999997E-3	5.7600000000000004E-3	6.0000000000000001E-3	6.2399999999999999E-3	6.4799999999999996E-3	6.7200000000000003E-3	6.96E-3	7.1999999999999998E-3	7.4400000000000004E-3	7.6800000000000002E-3	7.92E-3	8.1600000000000006E-3	8.3999999999999995E-3	8.6400000000000001E-3	8.8800000000000007E-3	9.1199999999999996E-3	9.3600000000000003E-3	9.5999999999999992E-3	9.8399999999999998E-3	1.008E-2	1.0319999999999999E-2	1.056E-2	1.0800000000000001E-2	1.1039999999999999E-2	1.128E-2	1.1520000000000001E-2	1.176E-2	1.2E-2	1.2239999999999999E-2	1.248E-2	1.272E-2	1.2959999999999999E-2	1.32E-2	1.3440000000000001E-2	1.3679999999999999E-2	1.392E-2	1.4160000000000001E-2	1.44E-2	1.464E-2	1.4880000000000001E-2	1.512E-2	1.536E-2	1.5599999999999999E-2	1.584E-2	1.6080000000000001E-2	1.6320000000000001E-2	1.6559999999999998E-2	1.6799999999999999E-2	1.704E-2	1.728E-2	1.7520000000000001E-2	1.7760000000000001E-2	1.7999999999999999E-2	1.8239999999999999E-2	1.848E-2	1.8720000000000001E-2	1.8960000000000001E-2	1.9199999999999998E-2	1.9439999999999999E-2	1.968E-2	1.992E-2	2.0160000000000001E-2	2.0400000000000001E-2	2.0639999999999999E-2	2.0879999999999999E-2	2.112E-2	2.1360000000000001E-2	2.1600000000000001E-2	2.1839999999999998E-2	2.2079999999999999E-2	2.232E-2	2.256E-2	2.2800000000000001E-2	2.3040000000000001E-2	2.3279999999999999E-2	2.3519999999999999E-2	2.376E-2	2.4E-2	2.4240000000000001E-2	2.4479999999999998E-2	2.4719999999999999E-2	2.496E-2	2.52E-2	2.5440000000000001E-2	2.5680000000000001E-2	2.5919999999999999E-2	2.6159999999999999E-2	2.64E-2	2.664E-2	2.6880000000000001E-2	2.7119999999999998E-2	2.7359999999999999E-2	2.76E-2	2.784E-2	2.8080000000000001E-2	2.8320000000000001E-2	2.8559999999999999E-2	2.8799999999999999E-2	2.904E-2	2.928E-2	2.9520000000000001E-2	2.9760000000000002E-2	0.03	3.024E-2	3.048E-2	3.0720000000000001E-2	3.0960000000000001E-2	3.1199999999999999E-2	3.1440000000000003E-2	3.168E-2	3.1919999999999997E-2	3.2160000000000001E-2	3.2399999999999998E-2	3.2640000000000002E-2	3.288E-2	3.3119999999999997E-2	3.3360000000000001E-2	3.3599999999999998E-2	3.3840000000000002E-2	3.4079999999999999E-2	3.4320000000000003E-2	3.456E-2	3.4799999999999998E-2	3.5040000000000002E-2	3.5279999999999999E-2	3.5520000000000003E-2	3.576E-2	3.5999999999999997E-2	3.6240000000000001E-2	3.6479999999999999E-2	3.6720000000000003E-2	3.696E-2	3.7199999999999997E-2	3.7440000000000001E-2	3.7679999999999998E-2	3.7920000000000002E-2	3.8159999999999999E-2	3.8399999999999997E-2	3.8640000000000001E-2	3.8879999999999998E-2	3.9120000000000002E-2	3.9359999999999999E-2	3.9600000000000003E-2	3.984E-2	4.0079999999999998E-2	4.0320000000000002E-2	4.0559999999999999E-2	4.0800000000000003E-2	4.104E-2	4.1279999999999997E-2	4.1520000000000001E-2	4.1759999999999999E-2	4.2000000000000003E-2	4.224E-2	4.2479999999999997E-2	4.2720000000000001E-2	4.2959999999999998E-2	4.3200000000000002E-2	4.3439999999999999E-2	4.3679999999999997E-2	4.3920000000000001E-2	4.4159999999999998E-2	4.4400000000000002E-2	4.4639999999999999E-2	4.4880000000000003E-2	4.512E-2	4.5359999999999998E-2	4.5600000000000002E-2	4.5839999999999999E-2	4.6080000000000003E-2	4.632E-2	4.6559999999999997E-2	4.6800000000000001E-2	4.7039999999999998E-2	4.7280000000000003E-2	4.752E-2	4.7759999999999997E-2	4.8000000000000001E-2	4.8239999999999998E-2	4.8480000000000002E-2	4.8719999999999999E-2	4.8959999999999997E-2	4.9200000000000001E-2	4.9439999999999998E-2	4.9680000000000002E-2	4.9919999999999999E-2	5.0160000000000003E-2	5.04E-2	5.0639999999999998E-2	5.0880000000000002E-2	5.1119999999999999E-2	5.1360000000000003E-2	5.16E-2	5.1839999999999997E-2	5.2080000000000001E-2	5.2319999999999998E-2	5.2560000000000003E-2	5.28E-2	5.3039999999999997E-2	5.3280000000000001E-2	5.3519999999999998E-2	5.3760000000000002E-2	5.3999999999999999E-2	5.4239999999999997E-2	5.4480000000000001E-2	5.4719999999999998E-2	5.4960000000000002E-2	5.5199999999999999E-2	5.5440000000000003E-2	5.568E-2	5.5919999999999997E-2	5.6160000000000002E-2	5.6399999999999999E-2	5.6640000000000003E-2	5.688E-2	5.7119999999999997E-2	5.7360000000000001E-2	5.7599999999999998E-2	5.7840000000000003E-2	5.808E-2	5.8319999999999997E-2	5.8560000000000001E-2	5.8799999999999998E-2	5.9040000000000002E-2	5.9279999999999999E-2	5.9520000000000003E-2	5.9760000000000001E-2	0.06	2.42315E-2	2.4422900000000001E-2	2.46141E-2	2.48051E-2	2.4995699999999999E-2	2.5185699999999998E-2	2.5375000000000002E-2	2.5563499999999999E-2	2.5751099999999999E-2	2.5937499999999999E-2	2.6122800000000002E-2	2.6306699999999999E-2	2.6489100000000002E-2	2.6669999999999999E-2	2.68492E-2	2.7026700000000001E-2	2.7202199999999999E-2	2.7375799999999999E-2	2.75473E-2	2.7716600000000001E-2	2.7883700000000001E-2	2.8048500000000001E-2	2.8210900000000001E-2	2.8370800000000002E-2	2.8528100000000001E-2	2.8682800000000001E-2	2.88349E-2	2.8984200000000002E-2	2.9130799999999998E-2	2.9274499999999998E-2	2.9415299999999998E-2	2.9553200000000002E-2	2.9688200000000001E-2	2.9820099999999999E-2	2.9949099999999999E-2	3.0074900000000002E-2	3.0197700000000001E-2	3.0317299999999998E-2	3.04338E-2	3.05472E-2	3.0657400000000001E-2	3.0764300000000001E-2	3.0868099999999999E-2	3.0968599999999999E-2	3.1066E-2	3.116E-2	3.1250899999999998E-2	3.1338400000000002E-2	3.1422699999999998E-2	3.1503799999999998E-2	3.1581600000000001E-2	3.16561E-2	3.17273E-2	3.1795299999999999E-2	3.1859999999999999E-2	3.1921499999999998E-2	3.19797E-2	3.2034600000000003E-2	3.2086299999999998E-2	3.2134700000000002E-2	3.2179800000000001E-2	3.2221699999999999E-2	3.2260400000000002E-2	3.22958E-2	3.2328000000000003E-2	3.2356900000000001E-2	3.2382599999999997E-2	3.2405000000000003E-2	3.24242E-2	3.2440200000000002E-2	3.2453000000000003E-2	3.2462499999999998E-2	3.2468799999999999E-2	3.2471899999999998E-2	3.2471800000000002E-2	3.2468400000000001E-2	3.2461799999999999E-2	3.2452000000000002E-2	3.24389E-2	3.2422699999999999E-2	3.2403099999999997E-2	3.2380399999999997E-2	3.2354399999999998E-2	3.2325199999999998E-2	3.2292700000000001E-2	3.2257000000000001E-2	3.22181E-2	3.21759E-2	3.2130400000000003E-2	3.2081699999999998E-2	3.2029799999999997E-2	3.1974599999999999E-2	3.1916100000000003E-2	3.1854300000000002E-2	3.17893E-2	3.1721100000000002E-2	3.1649499999999997E-2	3.1574699999999997E-2	3.14966E-2	3.14153E-2	3.1330700000000003E-2	3.1242800000000001E-2	3.1151700000000001E-2	3.1057299999999999E-2	3.09597E-2	3.0858900000000002E-2	3.0754900000000002E-2	3.0647600000000001E-2	3.0537100000000001E-2	3.0423499999999999E-2	3.0306699999999999E-2	3.01868E-2	3.0063699999999999E-2	2.9937600000000002E-2	2.9808399999999999E-2	2.96762E-2	2.9541000000000001E-2	2.94028E-2	2.9261700000000002E-2	2.91177E-2	2.8970900000000001E-2	2.8821300000000001E-2	2.8669E-2	2.8514100000000001E-2	2.83565E-2	2.81964E-2	2.8033800000000001E-2	2.7868799999999999E-2	2.77015E-2	2.7532000000000001E-2	2.7360300000000001E-2	2.7186499999999999E-2	2.7010800000000001E-2	2.6833200000000001E-2	2.6653799999999998E-2	2.6472800000000001E-2	2.62902E-2	2.61062E-2	2.5920800000000001E-2	2.5734199999999999E-2	2.5546599999999999E-2	2.5357999999999999E-2	2.5168599999999999E-2	2.49786E-2	2.4787900000000002E-2	2.4596900000000001E-2	2.4405699999999999E-2	2.4214300000000001E-2	2.4022999999999999E-2	2.38319E-2	2.3641100000000002E-2	2.34509E-2	2.3261299999999999E-2	2.3072599999999999E-2	2.28848E-2	2.2698200000000002E-2	2.2512899999999999E-2	2.23292E-2	2.2147E-2	2.1966699999999999E-2	2.1788399999999999E-2	2.1612099999999999E-2	2.1438200000000001E-2	2.1266799999999999E-2	2.1097999999999999E-2	2.0931999999999999E-2	2.07689E-2	2.0608999999999999E-2	2.04523E-2	2.0299000000000001E-2	2.0149299999999998E-2	2.0003199999999999E-2	1.98611E-2	1.9722900000000002E-2	1.95888E-2	1.9459000000000001E-2	1.9333599999999999E-2	1.9212699999999999E-2	1.9096499999999999E-2	1.8984999999999998E-2	1.88784E-2	1.87767E-2	1.8680100000000002E-2	1.85887E-2	1.8502600000000001E-2	1.8421799999999999E-2	1.8346500000000002E-2	1.82767E-2	1.82124E-2	1.8153800000000001E-2	1.8100999999999999E-2	1.8053900000000001E-2	1.80126E-2	1.7977199999999999E-2	1.7947600000000001E-2	1.7923999999999999E-2	1.7906399999999999E-2	1.7894699999999999E-2	1.7888899999999999E-2	1.7889200000000001E-2	1.7895500000000002E-2	1.7907699999999999E-2	1.7925900000000002E-2	1.7950000000000001E-2	1.7980099999999999E-2	1.80161E-2	1.8057900000000002E-2	1.81055E-2	1.8158899999999999E-2	1.8218000000000002E-2	1.8282699999999999E-2	1.8353000000000001E-2	1.8428900000000002E-2	1.8510100000000002E-2	1.8596700000000001E-2	1.86886E-2	1.87856E-2	1.88878E-2	1.8994799999999999E-2	1.91068E-2	1.9223400000000002E-2	1.9344699999999999E-2	1.9470500000000002E-2	1.9600699999999999E-2	1.9735099999999998E-2	1.9873700000000001E-2	2.0016200000000001E-2	2.0162599999999999E-2	2.03126E-2	2.04662E-2	2.0623200000000001E-2	2.07835E-2	2.0946800000000002E-2	2.1113099999999999E-2	2.1282100000000002E-2	2.1453799999999999E-2	2.1627899999999999E-2	2.1804299999999999E-2	2.19828E-2	2.21633E-2	2.23456E-2	2.2529500000000001E-2	2.27149E-2	2.2901600000000001E-2	2.3089499999999999E-2	2.3278299999999998E-2	2.3467999999999999E-2	2.36583E-2	2.3848999999999999E-2	2.4040200000000001E-2	2.42315E-2	Z Displace	0	2.4000000000000001E-4	4.8000000000000001E-4	7.2000000000000005E-4	9.6000000000000002E-4	1.1999999999999999E-3	1.4400000000000001E-3	1.6800000000000001E-3	1.92E-3	2.16E-3	2.3999999999999998E-3	2.64E-3	2.8800000000000002E-3	3.1199999999999999E-3	3.3600000000000001E-3	3.5999999999999999E-3	3.8400000000000001E-3	4.0800000000000003E-3	4.3200000000000001E-3	4.5599999999999998E-3	4.7999999999999996E-3	5.0400000000000002E-3	5.28E-3	5.5199999999999997E-3	5.7600000000000004E-3	6.0000000000000001E-3	6.2399999999999999E-3	6.4799999999999996E-3	6.7200000000000003E-3	6.96E-3	7.1999999999999998E-3	7.4400000000000004E-3	7.6800000000000002E-3	7.92E-3	8.1600000000000006E-3	8.3999999999999995E-3	8.6400000000000001E-3	8.8800000000000007E-3	9.1199999999999996E-3	9.3600000000000003E-3	9.5999999999999992E-3	9.8399999999999998E-3	1.008E-2	1.0319999999999999E-2	1.056E-2	1.0800000000000001E-2	1.1039999999999999E-2	1.128E-2	1.1520000000000001E-2	1.176E-2	1.2E-2	1.2239999999999999E-2	1.248E-2	1.272E-2	1.2959999999999999E-2	1.32E-2	1.3440000000000001E-2	1.3679999999999999E-2	1.392E-2	1.4160000000000001E-2	1.44E-2	1.464E-2	1.4880000000000001E-2	1.512E-2	1.536E-2	1.5599999999999999E-2	1.584E-2	1.6080000000000001E-2	1.6320000000000001E-2	1.6559999999999998E-2	1.6799999999999999E-2	1.704E-2	1.728E-2	1.7520000000000001E-2	1.7760000000000001E-2	1.7999999999999999E-2	1.8239999999999999E-2	1.848E-2	1.8720000000000001E-2	1.8960000000000001E-2	1.9199999999999998E-2	1.9439999999999999E-2	1.968E-2	1.992E-2	2.0160000000000001E-2	2.0400000000000001E-2	2.0639999999999999E-2	2.0879999999999999E-2	2.112E-2	2.1360000000000001E-2	2.1600000000000001E-2	2.1839999999999998E-2	2.2079999999999999E-2	2.232E-2	2.256E-2	2.2800000000000001E-2	2.3040000000000001E-2	2.3279999999999999E-2	2.3519999999999999E-2	2.376E-2	2.4E-2	2.4240000000000001E-2	2.4479999999999998E-2	2.4719999999999999E-2	2.496E-2	2.52E-2	2.5440000000000001E-2	2.5680000000000001E-2	2.5919999999999999E-2	2.6159999999999999E-2	2.64E-2	2.664E-2	2.6880000000000001E-2	2.7119999999999998E-2	2.7359999999999999E-2	2.76E-2	2.784E-2	2.8080000000000001E-2	2.8320000000000001E-2	2.8559999999999999E-2	2.8799999999999999E-2	2.904E-2	2.928E-2	2.9520000000000001E-2	2.9760000000000002E-2	0.03	3.024E-2	3.048E-2	3.0720000000000001E-2	3.0960000000000001E-2	3.1199999999999999E-2	3.1440000000000003E-2	3.168E-2	3.1919999999999997E-2	3.2160000000000001E-2	3.2399999999999998E-2	3.2640000000000002E-2	3.288E-2	3.3119999999999997E-2	3.3360000000000001E-2	3.3599999999999998E-2	3.3840000000000002E-2	3.4079999999999999E-2	3.4320000000000003E-2	3.456E-2	3.4799999999999998E-2	3.5040000000000002E-2	3.5279999999999999E-2	3.5520000000000003E-2	3.576E-2	3.5999999999999997E-2	3.6240000000000001E-2	3.6479999999999999E-2	3.6720000000000003E-2	3.696E-2	3.7199999999999997E-2	3.7440000000000001E-2	3.7679999999999998E-2	3.7920000000000002E-2	3.8159999999999999E-2	3.8399999999999997E-2	3.8640000000000001E-2	3.8879999999999998E-2	3.9120000000000002E-2	3.9359999999999999E-2	3.9600000000000003E-2	3.984E-2	4.0079999999999998E-2	4.0320000000000002E-2	4.0559999999999999E-2	4.0800000000000003E-2	4.104E-2	4.1279999999999997E-2	4.1520000000000001E-2	4.1759999999999999E-2	4.2000000000000003E-2	4.224E-2	4.2479999999999997E-2	4.2720000000000001E-2	4.2959999999999998E-2	4.3200000000000002E-2	4.3439999999999999E-2	4.3679999999999997E-2	4.3920000000000001E-2	4.4159999999999998E-2	4.4400000000000002E-2	4.4639999999999999E-2	4.4880000000000003E-2	4.512E-2	4.5359999999999998E-2	4.5600000000000002E-2	4.5839999999999999E-2	4.6080000000000003E-2	4.632E-2	4.6559999999999997E-2	4.6800000000000001E-2	4.7039999999999998E-2	4.7280000000000003E-2	4.752E-2	4.7759999999999997E-2	4.8000000000000001E-2	4.8239999999999998E-2	4.8480000000000002E-2	4.8719999999999999E-2	4.8959999999999997E-2	4.9200000000000001E-2	4.9439999999999998E-2	4.9680000000000002E-2	4.9919999999999999E-2	5.0160000000000003E-2	5.04E-2	5.0639999999999998E-2	5.0880000000000002E-2	5.1119999999999999E-2	5.1360000000000003E-2	5.16E-2	5.1839999999999997E-2	5.2080000000000001E-2	5.2319999999999998E-2	5.2560000000000003E-2	5.28E-2	5.3039999999999997E-2	5.3280000000000001E-2	5.3519999999999998E-2	5.3760000000000002E-2	5.3999999999999999E-2	5.4239999999999997E-2	5.4480000000000001E-2	5.4719999999999998E-2	5.4960000000000002E-2	5.5199999999999999E-2	5.5440000000000003E-2	5.568E-2	5.5919999999999997E-2	5.6160000000000002E-2	5.6399999999999999E-2	5.6640000000000003E-2	5.688E-2	5.7119999999999997E-2	5.7360000000000001E-2	5.7599999999999998E-2	5.7840000000000003E-2	5.808E-2	5.8319999999999997E-2	5.8560000000000001E-2	5.8799999999999998E-2	5.9040000000000002E-2	5.9279999999999999E-2	5.9520000000000003E-2	5.9760000000000001E-2	0.06	7.5844499999999995E-2	7.5653100000000001E-2	7.5461899999999998E-2	7.5270900000000002E-2	7.5080300000000003E-2	7.4890300000000007E-2	7.4701000000000004E-2	7.4512499999999995E-2	7.4324899999999999E-2	7.4138499999999996E-2	7.3953199999999997E-2	7.3769299999999996E-2	7.3586899999999997E-2	7.3405999999999999E-2	7.3226799999999995E-2	7.3049299999999998E-2	7.2873800000000002E-2	7.2700200000000006E-2	7.2528700000000002E-2	7.2359400000000004E-2	7.2192300000000001E-2	7.2027499999999994E-2	7.1865100000000001E-2	7.1705199999999997E-2	7.1547899999999998E-2	7.1393200000000004E-2	7.1241100000000002E-2	7.1091799999999997E-2	7.09452E-2	7.0801500000000003E-2	7.0660700000000007E-2	7.0522799999999997E-2	7.03878E-2	7.0255899999999996E-2	7.0126900000000006E-2	7.0001099999999997E-2	6.9878300000000004E-2	6.9758700000000007E-2	6.9642200000000001E-2	6.9528800000000002E-2	6.9418599999999997E-2	6.9311700000000004E-2	6.9207900000000003E-2	6.9107399999999999E-2	6.9010000000000002E-2	6.8916000000000005E-2	6.88251E-2	6.8737599999999996E-2	6.86533E-2	6.85722E-2	6.8494399999999997E-2	6.8419900000000006E-2	6.8348699999999998E-2	6.82807E-2	6.8215999999999999E-2	6.8154500000000007E-2	6.8096299999999998E-2	6.8041400000000002E-2	6.79897E-2	6.7941299999999996E-2	6.7896200000000004E-2	6.7854300000000006E-2	6.7815600000000004E-2	6.7780199999999999E-2	6.7748000000000003E-2	6.7719100000000004E-2	6.7693400000000001E-2	6.7670999999999995E-2	6.7651799999999998E-2	6.7635799999999996E-2	6.7623000000000003E-2	6.7613500000000007E-2	6.7607200000000006E-2	6.76041E-2	6.7604200000000003E-2	6.7607600000000004E-2	6.7614199999999999E-2	6.7624000000000004E-2	6.7637100000000006E-2	6.76533E-2	6.7672899999999994E-2	6.7695599999999995E-2	6.7721600000000007E-2	6.77508E-2	6.7783300000000005E-2	6.7819000000000004E-2	6.7857899999999999E-2	6.7900100000000005E-2	6.7945599999999995E-2	6.7994299999999994E-2	6.8046200000000001E-2	6.8101400000000006E-2	6.8159899999999995E-2	6.8221699999999996E-2	6.8286700000000006E-2	6.8354899999999996E-2	6.8426500000000001E-2	6.8501300000000001E-2	6.8579399999999999E-2	6.8660700000000005E-2	6.8745299999999995E-2	6.8833199999999997E-2	6.8924299999999994E-2	6.9018700000000002E-2	6.9116300000000006E-2	6.9217100000000004E-2	6.9321099999999997E-2	6.9428400000000001E-2	6.9538900000000001E-2	6.9652500000000006E-2	6.9769300000000006E-2	6.9889199999999999E-2	7.00123E-2	7.0138400000000004E-2	7.02676E-2	7.0399799999999998E-2	7.0535E-2	7.0673200000000005E-2	7.0814299999999997E-2	7.0958300000000002E-2	7.1105100000000004E-2	7.1254700000000004E-2	7.1406999999999998E-2	7.1561899999999998E-2	7.1719500000000005E-2	7.1879600000000002E-2	7.2042200000000001E-2	7.2207199999999999E-2	7.2374499999999994E-2	7.2543999999999997E-2	7.2715699999999994E-2	7.2889499999999996E-2	7.3065199999999997E-2	7.3242799999999997E-2	7.3422200000000007E-2	7.3603199999999994E-2	7.3785799999999999E-2	7.3969800000000002E-2	7.4155200000000004E-2	7.43418E-2	7.4529399999999996E-2	7.4718000000000007E-2	7.4907399999999999E-2	7.5097399999999995E-2	7.5288099999999997E-2	7.5479099999999993E-2	7.5670299999999996E-2	7.5861700000000004E-2	7.6052999999999996E-2	7.6244099999999995E-2	7.64349E-2	7.6625100000000002E-2	7.68147E-2	7.70034E-2	7.7191200000000001E-2	7.7377799999999997E-2	7.7563099999999996E-2	7.7746800000000005E-2	7.7928999999999998E-2	7.8109300000000007E-2	7.8287599999999999E-2	7.8463900000000003E-2	7.8637799999999994E-2	7.8809199999999996E-2	7.8978000000000007E-2	7.9144000000000006E-2	7.9307100000000005E-2	7.9466999999999996E-2	7.9623700000000006E-2	7.9777000000000001E-2	7.9926700000000003E-2	8.00728E-2	8.0214900000000006E-2	8.0353099999999997E-2	8.0487199999999995E-2	8.0616999999999994E-2	8.0742400000000006E-2	8.0863299999999999E-2	8.0979499999999996E-2	8.1090999999999996E-2	8.1197599999999995E-2	8.1299300000000005E-2	8.1395899999999993E-2	8.1487299999999999E-2	8.1573400000000004E-2	8.1654199999999996E-2	8.1729499999999997E-2	8.1799300000000005E-2	8.1863599999999995E-2	8.1922200000000001E-2	8.1975000000000006E-2	8.2022100000000001E-2	8.2063399999999995E-2	8.20988E-2	8.2128400000000004E-2	8.2152000000000003E-2	8.2169599999999995E-2	8.2181299999999999E-2	8.2187099999999999E-2	8.2186800000000004E-2	8.2180500000000004E-2	8.21683E-2	8.2150100000000004E-2	8.2126000000000005E-2	8.2095899999999999E-2	8.2059900000000005E-2	8.2018099999999997E-2	8.1970500000000002E-2	8.1917100000000007E-2	8.1858E-2	8.1793299999999999E-2	8.1723000000000004E-2	8.16471E-2	8.1565899999999997E-2	8.1479300000000005E-2	8.1387399999999999E-2	8.1290399999999999E-2	8.1188200000000002E-2	8.1081200000000006E-2	8.0969200000000005E-2	8.0852599999999997E-2	8.0731300000000006E-2	8.0605499999999997E-2	8.04753E-2	8.0340900000000007E-2	8.0202300000000004E-2	8.00598E-2	7.9913399999999996E-2	7.9763399999999998E-2	7.9609799999999994E-2	7.9452800000000004E-2	7.9292500000000002E-2	7.9129199999999997E-2	7.8962900000000003E-2	7.87939E-2	7.8622200000000003E-2	7.8448100000000007E-2	7.82717E-2	7.8093200000000002E-2	7.7912700000000001E-2	7.7730400000000005E-2	7.7546500000000004E-2	7.7361100000000002E-2	7.7174400000000004E-2	7.6986499999999999E-2	7.6797699999999997E-2	7.6607999999999996E-2	7.6417700000000005E-2	7.6227000000000003E-2	7.6035800000000001E-2	7.5844499999999995E-2	Time (s)
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