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Methodology and Theory of FCalc 2.0

By Joseph T. Realmuto

Origin of FCalc 2.0


In July of 2001 I created the first version of FCalc in order to fix the grossly inaccurate default MSTS train resistance.  As such, the improvement in realism was enormous, and FCalc 1.0 became the defacto standard for those seeking realistic physics.  I was able to obtain a reasonably good match to the three term Davis equations for train resistance using the two terms required by MSTS.  I used mostly trial and error, and settled on what I thought was the best fit for a wide range of rolling stock types and speeds.  While it was not necessarily the best fit possible, it was good enough for the purposes at the time, which was to replace the awful default values.


Shortly after FCalc 1.0 was released I was asked several times about the possibility of adapting it for rolling stock with solid bearings (friction bearings).  At the time I was unable to do so because I lacked Davis resistance equations for solid bearings, and I also lacked the methodology for simulating the characteristics of solid bearing trucks in MSTS.


The first step towards updating FCalc occurred in April of 2002.  By studying exactly how MSTS uses the friction parameter I was able to devise a new method of simulating the much higher starting resistance of solid bearing trucks.  I posted regarding this new method on the Train-Sim.com forums.  However, because I still lacked equations for solid bearing rolling stock, nothing further came of it at the time.


The first real steps towards FCalc 2.0 came in September of 2003.  James Titus posted on Train-Sim.com about some modifications he had made to FCalc to simulate starting resistance.  They were quite similar to the work I had done to simulate friction bearings over a year earlier.  I exchanged several e-mails with him and examined his work, including his spreadsheets.  He used spreadsheets to match his modified friction value curves to those produced by my FCalc 1.0 program.  In the course of examining his work, I was inspired to take another look at what I had done with FCalc 1.0, and see if I could get better curve matching.  The tentative answer  was yes.   I still did not want to update FCalc until I was able to also incorporate my work on solid bearings, so I filed the results for future use.


The final piece of the puzzle fell into place in late October of 2003.  Dave Nelson posted some questions he had regarding friction in MSTS.  As the discussion evolved and I taught Dave about how friction works in MSTS, I was able to refine my curve matching even more via a series of exchanges of Excel spreadsheets.  Furthermore, Dave kindly furnished me with the Davis equations for solid bearings.  I now had all I needed to go ahead and release a new, greatly improved version of FCalc.  To be sure, there was still much to be done, but the major obstacles had been overcome, and it was only a matter of refining my methodology and bringing it all together. 


The final steps consisted of obtaining Davis resistance equations for as many types of rolling stock as I could in order to make FCalc 2.0 as comprehensive as possible.  Work I had done earlier assisting Clem Tillier with his TGV was instrumental in this regard for high-speed trains.  For American freight trains Bob Boudoin’s very comprehensive physics work was a great source of empirical values which could be adapted into a new set of equations.  A copy I had of a demo version of the Railsim train performance calculator confirmed some values I had only estimated, and several other sources, including some anecdotal information by former railroaders, completed the picture.

Methodology of FCalc 2.0


The discussion of FCalc 2.0 methodology must begin with a review of how MSTS calculates train resistance.  MSTS uses  ten terms in the friction parameter to calculate friction as follows:
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The first set of five numbers in red are what is used to represent velocity dependent friction while the second five numbers represent friction on curves.  It is the first set of numbers that we are interested in.  These numbers represent the constants C1, E1, V2, C2, E2, respectively.  In this case, C1=856N/m/s, E1=0, V2= 1mph, C2=2.61N/m/s, E2 = 1.8.  These numbers are used by MSTS to calculate friction as follows according to the MSTS documentation:

F=C1*VE1          if V2<0

F=C1*VE1          if V≤V2

F=C1*V2E1 + C2*V2 + C2*(V-V2)E2   if V>V2
In these three equations AB means A to the power of B.  F is the friction in newtons (4.448222 newtons = 1 pound), and V is the velocity in meters/sec (1 meter/sec = 2.23693 mph).  Note that I said according to the MSTS documentation.  As it turns out, the documentation is incorrect.  I did not discover this while working on FCalc 1.0 because V2 was small (1 mph), and therefore the discrepancy wasn’t enough to be measurable under the methods I was using at the time.  The corrected equations are as follows:

F=C1*VE1          if V2<0

F=C1*VE1          if V≤V2

F=C1*V2E1 + C2*V2 + C2*VE2   if V>V2

Note that they are identical except for the case of V > V2.  In that case the last term is C2*VE2, not C2*(V-V2)E2.  If V2 is small, as it always was in FCalc 1.0, the discrepancy is small.  In the case of FCalc 2.0, when V2 values as large as 6 mph are used, the error was quite significant.  Once I noticed it, I adjusted all my spreadsheets to calculate MSTS friction using the correct method.


The biggest difference between FCalc 1.0 and FCalc 2.0 is the fact that there is no fixed value of E2 whereas FCalc 1.0 used E2=1.8 for most rolling stock and E2=1.86 for high-speed rolling stock.  The purpose of this new method is to get the best fit possible between the Davis equation and the MSTS friction equation.  Because MSTS uses only two terms while Davis uses three a perfect match is not possible, but the discrepancies over the speed range of interest are much smaller in FCalc 2.0.


Before proceeding any further it is necessary to digress and discuss the theory and history of estimating train resistance.  The first person to comprehensively and scientifically measure the running resistance of trains was W.L. Davis in 1926.  By measuring how long it took trains of various configurations to coast down over tracks of known gradients he was able to develop an empirical equation which would enable one to estimate the resistance of any train.  Any complex function can be broken down into a infinite series of polynomials of the form A+Bx+Cx2+Cx3+Cx4+ ….   In practice a finite number of terms are used depending upon the degree of accuracy required.  For railroading purposes a second order polynomial equation turned out to be a good enough fit to the empirical data.  Therefore, the generalized form of the Davis equation is R=A+B+CV2 where R is resistance, V is velocity, and A,B, and C are coefficients which depend upon the type of rolling stock and units used for R and V.  Furthermore, for most railway stock the A coefficient usually takes the form of A=A1*T + A2*N, where T is the mass and N is the number of axles.  The B coefficient is usually proportional to the mass (i.e. B=B1*T), and the C coefficient is generally a product of the frontal area A and drag coefficient CD (i.e. C=CD*A).

The accuracy of the original Davis equations was independently verified over the years.  Modern rolling stock with larger dimensions, higher weights, and roller bearings, as well as changes in track structure, made it necessary to modify the Davis equations to better fit observed empirical results.  It should be noted that in all cases the Davis equations are only valid for speeds over 5 mph.  Under that speed, the rolling resistance of  bearings starts to increase.  In the case of solid (also termed friction) bearings the increase is dramatic.  In the case of roller bearings it is smaller but nevertheless present.  It is difficult to model this increase because it depends upon temperature, type of bearing seal, length of bearing service, etc.  As trains rarely spend any time in revenue service at speeds under 5 mph, no attempt has been made to do so other than to give rough values of starting resistance in terms of pounds per ton of train weight.


The best place to start looking at the methodology used in FCalc 2.0 is by examining how I simulated solid bearing trucks.  Let’s take a 50-ton (45.359 metric ton) freight car as an example.  This is about as typical as it gets for the time periods during which solid bearing trucks were in use.  The Davis equation for solid bearing freight cars is R = 1.3T + 29N + 0.045TV + 0.0005AV2 = 181 + 2.25V + 0.045V2 with the appropriate values substituted, and assuming a frontal area of 90 ft2.  Note that for this Davis equation, and any others I will use in the remainder of this document, R is in pounds, V is in mph, A is in ft2, and T is in short (US) tons.  Also note that this equation is only valid at a speed of 5 mph or greater.  Under that speed resistance starts increasing, and starting friction of rolling stock equipped with solid bearing trucks is generally around 20 to 25 lbs per ton of weight, and as much as 50 lbs/ton in cold conditions.


How can we simulate this in MSTS, especially the higher starting friction?  Note that by looking at how MSTS calculates friction, we see that when V ≤ V2 only the term F=C1*VE1 is used.  It is immediately obvious to anyone familiar with exponents that a negative value of E1 will indeed give a value of friction that increases as speed decreases.  There is one problem with this, however.  When speed reaches zero, friction will theoretically become infinite.  As luck would have it, this problem does not occur in MSTS because the train speed never reaches exactly zero.  This isn’t to say that negative exponents will not cause problems sometimes, but only if their magnitude is too high.  I’ve found that E1 values higher than about –0.30 will start to cause problems such as cars jiggling or even jumping off the tracks.  A great deal of experimentation measuring the starting resistance of a cut of cars resulted in my choosing  –0.25 as the best compromise value.  There are no side effects and the starting resistance for a 50-ton freight car will be around 1300 lbs, which is 26 lbs/ton.  This is well within the range observed for solid-bearing trucks.  Furthermore, I used a V2 value in the range of 5 to 6 mph to simulate the point at which resistance would start increasing.  It was in the course of experimenting using this higher V2 value that I discovered the MSTS documentation to be in error as described on the last page, and I then corrected my equations.


This took care of the part under 5 mph.  However, I was also interested in the greatest possible accuracy at speeds over 5 mph.  I soon came to realize that no single value of E2 would give good results for rolling stock of different weights, so I had to decide between compromising the accuracy or devising a method to choose the value of E2 that resulting in the best fit in each individual case.  I chose the latter course.  The method I would use involved minimizing the RMS error at speeds above V2 up to some maximum speed.  It was at this juncture that I realized there was no point in worrying about speeds higher than would ever be seen in normal service.  FCalc 1.0 had used E2=1.8 as the value giving the best fit over the speed range of 0 to 150 mph.  I had chosen 150 mph as it was the highest speed conventional trains were ever likely to see.  I decided in FCalc 2.0 to use more realistic speed ranges, especially for freight.  I picked 80 mph as the maximum freight speed.  Therefore, I would pick the value of E2 that would give the smallest RMS error over the speed range of V2 to 80 mph.  This method is commonly used for curve fitting, and is called least-squares regression.  RMS error is calculated simply by  squaring the difference between each pair of data points, summing these squared differences, dividing by the number of data points, and then taking the square root.  If you consider the order of these operations in reverse (root, mean, and square), then it easy to see how the term RMS came to be.


Now that I had a rough methodology, I had to find the best way to do my calculations.  I initially had to choose a value of C1.  In FCalc 1.0 this was chosen simply be setting C1 equal to the Davis A coefficient in newtons.   I continued to use this method for roller bearing trucks in FCalc 2.0 but found that it wouldn’t give the best possible fit for solid bearing trucks.  After some experimentation, I found that the best overall value of C1 was to set the constant portion of the MSTS friction value equal to the Davis resistance at the speed of 0.6V2.  To elaborate further, consider that when V>V2, F=C1*V2E1 + C2*V2 + C2*VE2.  Because C1, V2, and E1 are all constants, the first term is also a constant.  Therefore, the final equation I used was:
C1=(A + 0.6BV2 + C[0.6V2]2)/V2E1
Note that A, B, and C are the Davis coefficients.  Because everything in FCalc 2.0 is done internally in metric, I used metric equivalents for all the Davis equations.  By first setting C1, it was possible to calculate C2 if I assumed that the Davis and MSTS resistances were equal at some speed VEQ.  The speed VEQ is called the FCalc=Davis speed, and the equation used to calculate C2 was as follows:

C2=(A + BVEQ + CVEQ2 - C1*V2E1)/(V2 - VEQE2)

Once C1 and C2 were known, it was then possible to calculate the RMS error.


There was one remaining problem that needed to be overcome.  I varied E2 from 1.0 to 2.0 in order to find the value giving the least RMS error.  For each value of E2 I varied VEQ from 30 mph up to 80 mph in 1 mph increments, and for each set of E2 and VEQ I varied V2 from 5 to 6 mph in 0.1 mph increments.  The problem I faced should be obvious by now-if I wanted to get the best E2 value (to within 0.001) I needed to calculate RMS error, which in and of itself consisted of hundreds of calculations, 1001*51*11, or 561,000 times!  I had initially wanted to vary V2 in 0.01 increments but found that little was gained.  That would have resulted in the need to calculate RMS error over 5 million times.  Prior to streamlining my methods, I did indeed use all possible values just to make sure any shortcuts I took wouldn’t compromise the final accuracy.  Needless to say, each calculation took several minutes on my 1.568 GHz machine, and it was necessary to speed things up.  I found that I could simply keep V2 and VEQ at midpoint values, and vary E2 only in order to quickly get very close to the final values.  I then used this close value of E2, varied V2 and VEQ over their entire ranges to find the set of values giving the smallest RMS error, incremented E2 by 0.001, varied V2 and VEQ again, and so forth.  I noted that once the optimum value was found, continuing to increment E2 and do all the calculations was pointless, so I stopped calculating as soon as the RMS error started getting larger.  All of these enhancements gave the same results, but with only a few seconds of calculation time.
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How does this new method work?  The answer is very well indeed.  Below is a graph of Davis versus FCalc 1.0 and FCalc 2.0 curves for the 50 US ton solid bearing freight car mentioned earlier: 
Note that the FCalc 2.0 curve starts increasing below 5 mph as it should, and also note that above 6 mph it is virtually equal to the Davis curve (shown in red but mostly obscured by the blue FCalc 2.0 curve).  Also note the relatively large error of the FCalc 1.0 curve (green).  Because my FCalc 1.0 program didn’t have the equations for solid bearing trucks I had to hand calculate the values it would have given in order to obtain the above plot.  Specifically, they were 805N/m/s  0  1mph  3.27N/m/s  1.8.  Normally FCalc 1.0 errors are not so large, as the chart below for an 80-ton roller bearing freight car shows: 
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Note that the FCalc 1.0 curve is slightly lower than the Davis curve from about 5 mph up to about 55 mph, at which point they are equal.  Also note that above 55 mph it starts getting slightly higher.  As in the previous case, the FCalc 2.0 and Davis curves are in virtual agreement above about 6 mph.  Below that, the FCalc 2.0 curve is higher to simulate the increasing resistance even with roller bearings.  The static resistance as measured in MSTS is around 500 pounds, or about 6.25 lbs/ton, which is within the range of measured starting resistances of 3 to 8 lbs/ton for roller bearings.  One last graph of the 80-ton roller bearing freight car resistance shows that even though the FCalc 2.0 curve is optimized for the speed range of 0 to 80 mph, there is still fairly good agreement even at speeds up to 100 mph.  Above 100 mph both the FCalc 1.0 (green) and FCalc 2.0 (blue) curves start to diverge from the Davis (red) curve.  The  FCalc 1.0 curve does indeed have better agreement with the Davis curve above 110 mph, but for freight operation that is entirely irrelevant. 
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Another graph shows that even when FCalc 2.0 optimizes for a wider speed range, the agreement with the Davis curve at lower speeds is still superior to that of FCalc 1.0.  Shown below is the graph for a 55 metric ton roller bearing passenger car: 
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As can be seen the FCalc 1.0 curve is lower than the Davis curve up to about 80 mph.  Above that it is larger.  The Davis and FCalc 2.0 curves are in virtual agreement over nearly the entire speed range.  Although it can’t be seen on this graph, the RMS errors are indeed larger when optimizing for a wider speed range, but they are still generally under 0.5%.  It is important to remember that the Davis equations are really just a model of a very complex physical phenomenon which is not easily measured to a high degree of accuracy.  Because of this, it is likely that the FCalc 2.0 curve falls well within the error band of the Davis model whereas the FCalc 1.0 curve probably does not.
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A final graph of the 50-ton solid bearing freight car shows in detail how the FCalc 2.0 resistance (shown in blue) increases under 5 mph: 
The overlapping red and green lines are the Davis and FCalc 1.0 curves, respectively.

Methodology Behind The FCalc 2.0 Resistance Equations


As already noted, one of the main reasons for updating FCalc was not only to make it more accurate, but also to include many more choices in regards to rolling stock.  To this end, I drew on several sources.  Dave Nelson furnished me with equations for solid bearing rolling stock.  I drew upon Bob Boudoin’s extensive physics work for more accurate equations for certain types of freight cars.  I also used some data on high-speed trains from Clem Tillier and several other sources.  In some cases I took a good educated estimate of what the equations were, and saw how well they agreed with empirical data where available.


I’ll start with a discussion of the three (actually four) bearing types used in FCalc 2.0.  The most notable addition is solid bearings, also know as friction bearings.  The term friction bearing was coined by Timken for marketing purposes in the 1930s in order to help them sell their new roller bearings, which they termed antifriction.  This was really a misnomer as all bearings are antifriction.  In any case the term fell into common usage, although I defer in this document to the original term solid bearing.  Solid bearings are exactly that-the steel axle turns in a brass bearing lubricated by oil fed from oil soaked rags.  Surprisingly, the rolling resistance of solid bearings was not much worse than roller bearings except at very low speeds, which explains why they were in use well into the 1950s.  They were, however, prone to overheating and catching fire if not properly lubricated, especially at high speeds.  It is a testament to the people who ran the railroads that they were able to run freight trains with solid bearings at speeds as high as 70 mph with few incidents.  Of course, in time a few spectacular derailments traced to overheated solid bearings combined with increasing labor costs led to the requirement of roller bearings on all rolling stock used for interchange between railroads.  The few remaining cars with solid bearings are used strictly for MOW duty.


The most important characteristic of solid bearings, at least as far as MSTS is concerned, is their rather high starting resistance.  This is simulated by using a value of –0.25 for E1.  The resistance at speeds above 5 mph is based on the set of Davis equations furnished to me by Dave Nelson.  Translated into the format used for my other equations, these are as follows:
Locomotive

R=1.3T + 29N + 0.03TV + 0.0024CAV2
      Steam Locomotive
R=1.3T + 29N + 0.03TV + 0.0024CAV2 + 20DF

      Passenger Car
R=1.3T + 29N + 0.03TV + 0.00034AV2

      Freight Car

R=1.3T + 29N + 0.045TV + 0.0005AV2

Motor Car

R=1.3T + 29N + 0.09TV + 0.0024CAV2

Note the use of area in the last term even for freight and passenger cars (both of which did not use area with the set of Davis equations used in FCalc 1.0).  Also note the additional mechanical resistance of 20 lbs per ton for steam locomotives multiplied by the weight on drivers D and the additional factor F.  This factor F is 1.0 for steam locomotives with regular connecting rods, 0.8 for ones equipped with lightweight roller-bearing connecting rods, and 0.5 for those equipped with poppet valves and Franklin Rotary Cam valve gear.

I further broke down motor cars into three categories-leading, middle, and end:

Leading Motor Car
R=1.3T + 29N + 0.09TV + 0.0024CAV2

Middle Motor Car
R=1.3T + 29N + 0.09TV + 0.00034AV2

End Motor Car
R=1.3T + 29N + 0.09TV + 0.0006AV2

Only the last term is different between categories.  I used the original equation for leading motor cars because the third term assumes the same form and values as a leading locomotive.  The middle motor car basically has the same aerodynamic resistance as a passenger car, so the third term equals that of a passenger car.  The end motor car has somewhat more drag than a middle one, but not anywhere near that of the leading motor car, so I estimated the value for the third term based on studies I’ve read regarding the relative contributions of leading and trailing locomotives to drag for high-speed trains.  In FCalc 2.0 I used the term railcar instead of motor car as it seems to be a more common way of referring to EMUs and DMUs.


I also added an empty hopper to the list of freight cars.  The relevant equation for a solid bearing empty hopper is:

Empty Hopper
R=1.3T + 29N + 0.045TV + 0.0015CAV2

The first and second terms are obviously the same as for a standard freight car.  The last term was estimated based on Bob Boudoin’s use of 6 to 9 N/m/s for the C2 value of empty hoppers in MSTS.  I was able to get a range of possible values for the third Davis coefficient, and simply took the average.  I used the exact same third term for roller bearing hoppers.  Note that the aerodynamic drag is about three times that of a normal freight car due to the way an empty hopper catches the wind.
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There are three types of roller bearings used in FCalc 2.0.  They are standard roller bearings, optimized seal roller bearings, and labyrinth seal roller bearings.  All roller bearings require seals to keep the grease from leaking out.  The seals on standard roller bearings contribute as much as 50% of the total bearing drag.  In the quest to save fuel, railroads are sometimes replacing standard roller bearings with types which have lower drag.  The two main alternatives are optimized seal roller bearings and labyrinth seal roller bearings.  Optimized seal bearings use lower drag seals while labyrinth bearings use a non-contact close tolerance series of barriers in a labyrinth pattern to contain the grease.  Both are more expensive to produce than standard roller bearings.  Bearing resistance is a function of time in service and temperature in addition to design.  The following chart shows bearing start-up resistance versus temperature:

As can be seen the bearing seals and grease contribute an enormous amount towards the total drag, especially at lower temperatures when grease starts to solidify.  In some cases the hardened grease can increase the drag by a factor of ten.  Special greases need to be used when trains are mainly operated in very cold climates.  I thought about including environmental factors in FCalc 2.0 to simulate this variation in resistance with temperature, but in the end I decided that it would be too complex.  There is simply too much variability even among bearings of the same type to make any adjustments based on temperature meaningful.  Additionally, I would need to incorporate adjustments in the aerodynamic portions of the Davis equations to simulate changes in air drag versus temperature.  Air density increases as air temperature goes down, so this tends to increase aerodynamic drag with decreasing temperature.  However, most heat engines develop more power at lower temperatures, and even electric locomotives may do so (due to decreased motor winding resistance).  Thus, the temperature effects balance out to some extent, and it would be highly complex to try to include them anyway.

The next chart shows bearing resistance versus service mileage for the three types of roller bearings:
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Standard roller bearings undergo a dramatic reduction in resistance as they are run in, mostly due to the seal seating itself, but also due to the bearing surfaces polishing themselves.  The other two types of roller bearings show a smaller reduction, mostly due to bearing contact surface polishing action.  Optimized seal and labyrinth bearings show little decrease in drag past about 100,000 miles, which is the point I used to determine the relative resistance of standard versus specialized seal roller bearings.  Because the resistance of optimized seal and labyrinth bearings is virtually identical at 100,000 miles, I lumped them together in FCalc 2.0 under the term low-torque roller bearings and used one set of equations.


Translating the above chart into a new set of Davis equations was fairly straightforward.  The difference in torque between standard and low-torque roller bearings at 100,000 miles is about 5 ft-lbs, or 10 ft-lbs per axle.  For a standard 33-inch freight wheel (radius = 1.375 feet), this is a reduction of ~7 lbs per axle.  For larger passenger car and freight wheels of 36 inches the reduction is 6.5 lbs.  42-inch locomotive wheels have a net reduction in drag of 6 lbs per axle.  The portion of the Davis A coefficient proportional to weight remains unchanged.  There were also adjustments in the Davis B coefficient to account for the reduction in velocity dependent rotational forces.  I used roughly the ratio of per axle drag for standard versus low-torque roller bearings to determine the new B coefficient.  For example, the per axle drag ratio for standard freight cars is 11/18.125 or 0.61.  I multiplied the Davis freight B coefficient of 0.015 by this value to arrive at 0.0915.  I rounded this up to 0.01 as it seemed a little low and I wanted a more even number.  In all cases I erred on the side of adjusting too high rather than too low as I felt the main contribution of low-torque bearings was to reduce the constant A term of the Davis equation more than the velocity dependent B term.  For low-torque roller bearings I used E1=-0.05 rather than E=-0.10 to simulate a lower starting resistance.  Measured starting resistances in MSTS for standard roller bearing equipped cars ranged from 11.4 lbs/ton for very light (20 metric ton) cars to 5 lbs/ton for fully loaded cars (120 metric tons).  Corresponding values for low-torque roller bearing equipped cars ranged from 5.3 lbs/ton to 2.9 lbs/ton depending upon weight.


In addition to the new bearing types I also added several new equations for modern freight cars based on Bob Boudoin’s work.  I’ve already mentioned the empty hopper, which is the only new car type used with both solid and roller bearings.  The other new types are modern cars which never existed in the era of solid bearings, and thus they are available with only the two options for roller bearings.  The types are autorack, COFC (container-on-flat-car or double stack), and spine car.  As before, I used Bob’s empirical values to arrive at approximate Davis equations.  The new equations for standard roller bearing equipped cars are as follows:

Autorack

R=1.5T + 18.125N + 0.015TV + 0.0007AV2

COFC


R=0.6T + 20N + 0.01TV + 0.175V2

Spine Car

R=0.6T + 20N + 0.01TV + 0.185V2

The last term for autoracks is 40% higher than for a standard box car of the same frontal area.  The other two equations are very approximate but are based on the fact that TOFCs have about 15% more drag than COFCs, while spine cars are somewhat closer to TOFCs but still have smaller drag.  If anyone can furnish me with better equations or new equations, I will gladly do minor updates of FCalc every few months to incorporate the new models.


I did a major revision of my equations for high-speed trains based on empirical studies of high-speed train resistance. The new equations for high-speed trains are:

Locomotive

R=0.8T + 20N + 0.01TV + 0.0015CAV2

Passenger Car
R=1.0T + 20N + 0.01TV + 0.0000037LAV2

It is important to note that the equation for the high-speed locomotive represents an average of the leading and trailing locomotives used on nearly all high-speed trains.  I did this because most MSTS high-speed train models only use one model to represent both  locomotives, thus requiring an average equation.  The last term in the passenger car equation is based on length as well as frontal area.  The study I read indicated that aerodynamic drag increases linearly with train length.  I had also used a length-based last term in FCalc 1.0 for high-speed passenger cars but it was estimated.  The source I read enabled me to replace my estimate with hard data, although my original estimate was pretty close (within 15%) if I assumed a frontal area of 10 meters2, which is fairly typical for many high-speed passenger cars.

The high-speed train study enabled me to develop an equation for maglev trains.  It takes the following form:

Maglev
R=2.0T + 0.0036757LV + 0.0000037LAV2 + 0.001143CAV2

The study determined that the term proportional to velocity consists partly of rolling resistance and partly of laminar air flow.  Because maglevs have no wheels, only the portion due to laminar air flow is applicable, which is why the second term is proportional to length only and not to weight.  The last two terms are aerodynamic drag proportional to velocity2.  The first portion is exactly the same as for high-speed passenger cars.  The second portion is based on the drag produced by just the front and rear surfaces.  This is why it is smaller than the corresponding term for a high-speed locomotive.  The drag from the sides is not included because it is already included in the first portion.  The single term proportional to weight only represents the magnetic drag of the vehicle.  This is highly variable among maglev types, but 2 lbs/ton seems to be a ballpark figure.  Because maglevs are a relatively new technology, I don’t expect that a generic set of equations for them exist.  My equation represents a highly educated estimate but it should give fairly good results.  However, I’m not entirely sure if the Davis model is valid when speeds are an appreciable fraction of the speed of sound, as they are for maglevs.

The appendix has a complete listing of all the equations used in FCalc 2.0.  I used all three bearing types for railcars, freight cars, and passenger cars.  Steam locomotives are available with both solid and standard roller bearing options.  The mechanical term of 20 lbs/ton is not used for roller bearing steam locomotives on the assumption that roller bearings are used for all bearing surfaces, including connecting rods.  The equation for locomotives refers to diesel and electric locomotives only.  I did not include an option for solid bearings because they were not used on either diesel or electric locomotives to the best of my knowledge.  For early box cab electric motors using reciprocating connecting rods the equation for solid bearing steam locomotives might give better results.

Guidelines For Using FCalc 2.0

While FCalc 2.0 strives to faithfully duplicate the Davis equations it is based on, it can only be accurate if supplied with accurate information.  Therefore, a series of guidelines are in order.  The biggest change that will be noticed from FCalc 1.0 besides the addition of  many new types of rolling stock will be the fact that frontal area is used for virtually everything except TOFCs, COFCs, and spine cars.  This is to better estimate aerodynamic drag as a larger vehicle will obviously have more drag whether it is in front of the train or in the middle.  The best way to accurately measure frontal or cross-sectional area is from a scale drawing of the car in question, or from a scale model if available.  The size of the bounding box can also be a guide, provided it coincides exactly with the top, sides, and bottom of the vehicle.  The area of rectangular body shapes is easily calculated if the height and width are known.  More complex shapes may require laying out a front view on graph paper, counting the number of squares covered, and converting the result to meter2.  Absolute accuracy is not required, but it is a good idea and fairly easy to be within a few percent of the true value.  In the absence of data, the program will suggest defaults of 10.2 meter2 for freight cars, 11.2 meter2 for passenger cars, and 16.35 meter2 for autoracks.  Do not use the suggested values unless you lack better data.  Chances are if you made the 3D model  you already have what you need to estimate frontal area to a high degree of accuracy.  In cases where a certain type of car is known to have a larger amount of aerodynamic drag than most cars of similar size, a value of frontal area larger than the true value can be used.  You can adjust the value up or down until you get the desired results.

Probably the most important parameters are the weight and number of axles as they influence rolling resistance.  Rolling resistance is responsible for a good portion of the total train resistance, especially at speeds under 50 mph.  Because the mass not only influences the calculated friction value but also how quickly the rolling stock accelerates,  decelerates, behaves on gradients, and so forth, it is very important to obtain as accurate a value as possible.  Even small differences can have a noticeable effect in train handling.  Fortunately, the weight, or more accurately the mass, is usually available to a fairly high degree of accuracy.  The number of axles is obviously known exactly.  For trains with shared or articulated trucks use one-half the number of axles on each shared truck and all the axles on unshared trucks.  For instance, a TGV center coach riding only on shared trucks will have two axles while an end coach with one shared and one normal truck will have three.  The type of bearing will also have an effect on train handling, and it is visually obvious which cars have solid bearings and which have roller bearings.  Less obvious are those cars which use low-torque roller bearings.  If this information is not available it is best to assume standard roller bearings.  Even within cars of a given type, some railroads may elect to retrofit their cars with low-torque roller bearings while others will not.

While the “big three” are very important, another parameter of some importance is the drag coefficient.  You are generally only asked for the drag coefficient if the vehicle is in front of the train.  Basically, this means locomotives and leading motor cars only.  For a good portion of the rolling stock out there it is pretty safe to assume a value of 1.  If it looks boxy, you probably can’t go wrong picking 1 for the drag coefficient.  However, if you have a locomotive that will only be used as one of the following units in a multiple unit lash-up then it is probably more realistic to use a value of less than 1 for the drag coefficient.  A value around 0.7 might be appropriate in that case.  For cases when the leading unit is streamlined, appropriate values would be 0.65 to 0.75 if partially streamlined, and 0.5 or less if fully streamlined.  I’ve found that a value of 0.35 for very streamlined trains like the TGV combined with proper frontal area will give results that are in near perfect agreement with empirically measured values.  Because data regarding drag coefficients is very hard to come by, the best method is to take a look at the locomotive, estimate the degree of streamlining, and choose an appropriate value based on the guidelines I just gave for various types of  locomotives.  Slight streamlining might mean a drag coefficient of 0.9, something like an F7 might be around 0.6 to 0.7.  An HHP-8 might be about 0.55.  A TGV or bullet train will probably be under 0.4, and in some cases under 0.3. All of these examples only apply to units in front of the train.  Trailing units will have less drag, and the drag coefficient should reflect this.  A value of from 30% to 70% of the leading unit’s drag coefficient is appropriate, depending upon how closely coupled the units are.  For instance, an F7 or PA B-unit might use a drag coefficient of  0.25, while an unstreamlined freight locomotive might use 0.6 to 0.7.  In the end a good portion of the train resistance is made up of the cars being pulled, not the locomotive(s), so errors of 20% or more in the drag coefficient won’t have that large of an effect except for a very short train.

The final parameter used is length, and this is only in the case of high-speed passenger cars and maglevs.  The length can be easily found by simply examining the last value in the size parameter in the .eng or .wag file.  Provided the size parameter is set properly so that the coupler faces are touching, this value will be accurate to within one or two tenths of a meter.  This is adequate enough for the purposes of FCalc 2.0 and MSTS.

FCalc 2.0 is capable of recalculating the friction value for a new speed range after a value using the default speed range is computed.  The default speed range is 80 mph for freight cars and locomotives, 150 mph for passenger cars and locomotives, 250 mph for high-speed trains, and 350 mph for maglevs.  The only exceptions are 100 mph for solid bearing passenger cars and 125 mph for steam passenger locomotives.  There is generally not much to be gained accuracy-wise by using a speed range under 80 mph, but you can do so if you want to.  In the case of certain types of rolling stock, a more appropriate speed range might be the design speed of the rolling stock, or the top geared speed of the locomotive.  In general it is a good idea to add 5 mph to these values just to cover slight excursions over the limits.  For example, an Amfleet coach and AEM-7 locomotive are both rated for 125 mph.  130 mph will give slightly more accurate results than the default 150 mph speed range.  For most freight locomotives and cars the default 80 mph range will suffice.  Because average errors are higher with larger speed ranges it is an especially good idea to recalculate in this manner for high-speed trains.  Reducing the range from 250 mph down to, say,  210 mph will have a noticeable effect on error.  In the case of railcars, the speed range must be entered all the time.  This is because there is such a wide range of EMU and DMU design speeds that any default value would be unsatisfactory.  In nearly all cases I’ve noticed that optimizing for a speed range of less than 60 mph is pointless.  The RMS error actually increases slightly for smaller speed ranges.  I stopped short of setting 60 mph as the minimum top speed in the FCalc 2.0 program but I don’t recommend using anything smaller.  The only caveat with optimizing for a speed range other than the default is that it might be a good idea to place a comment near the friction value stating the speed range that was used so that others can duplicate the results. In fact, I recommend also including in the comment the frontal area, and if applicable the drag coefficient and/or length.  The purpose of this is so that others can easily see how the friction value was arrived at.

Another interesting addition in FCalc 2.0 is the special custom Davis coefficient optimization.  If you have somehow managed to obtain Davis coefficients for a particular piece of rolling stock you can enter those coefficients, along with the speed range and bearing type, and have an optimized MSTS friction value calculated for you.  The program accepts inputs in either English or Metric format.  The English format uses mph for velocity and pounds for resistance.  The Metric format uses meters/sec for velocity and newtons for resistance.  These are the most commonly seen units for Davis equations.  Some metric Davis equations use km/hr for speed instead of meters/sec.  In that case you must first convert to the units used by FCalc 2.0.  This can be done by multiplying the B coefficient by 3.6 and the C coefficient by 3.62, or 12.96.  The A coefficient is unchanged.

In order to ensure compatibility with future train simulators I outputted the Davis equations along with the MSTS friction value.  If these new simulators use the same method to calculate train friction as MSTS 1 then the usual five term friction value is available.  On the other hand, should the programmers decide to use the Davis coefficients instead then those coefficients will be available on the output screen as well.  In the interests of accuracy I recommend that the programmers of any new train simulators do not use the Davis equations for speeds under 5 mph.   I suggest instead having another set of equations (possibly an inverse exponential) apply under 5 mph, combined with a variable for static friction (to prevent the inverse exponential from becoming infinite at low speeds).

Finally, it is important to remember that train resistance is but one part of realistic physics.  Proper values for locomotive power, tractive effort, control settings, and so forth are very important.  Brake parameter settings also have a great influence on how realistic the sim ultimately will feel.  All of these things have been addressed by myself and others to some extent.  Discussing them here is beyond the scope of this document.  I can only say that many visually attractive models have suffered due to poor physics.  In many cases the very unrealistic default physics are used without further modification despite the ready availability of alternatives.

Using the FCalc 2.0 Spreadsheets


In order to enhance the usefulness of FCalc 2.0 I have included a series of Excel spreadsheets for each of the major types of rolling stock.  In most cases each sheet contains one worksheet for each of the subtypes of that particular type of rolling stock.  For example, the spreadsheet for standard freight cars, “FCalc 2.0 Standard Freight.xls”, contains worksheets for solid, roller, and low-torque roller bearing equipped cars.  These sheets are designed to allow the user to see graphs of the MSTS friction value calculated by the FCalc 2.0 program, and to compare those graphs to the Davis equations.  Unfortunately, Excel in and of itself is incapable of doing the complex algorithm needed to determine the best fit MSTS friction value, and hence the spreadsheets are only a supplement to, rather than a replacement for, the FCalc 2.0 program.


The best way to describe how to use these sheets is via a demonstration.  Take the “FCalc 2.0 Standard Freight.xls” spreadsheet, for instance. In order to use it properly you must first find the worksheet for the type of bearing the car has.  All of the worksheets have typical values for weight, frontal area, axles, and so forth already filled in along with the FCalc 2.0 results using those values.  You simply replace the metric values for weight, number of axles, and frontal area (cells B2,B3, and B4) with your own values.  You then calculate the MSTS friction value using the FCalc 2.0 program and the same three values you just entered on the worksheet.  After the FCalc 2.0 program gives you an MSTS friction value you enter the V2, E2, and Davis=FCalc speed in the appropriate cells on the worksheet.  C1 and C2 are calculated automatically for you.  If all goes well you should now see a graph of how your new MSTS friction value compares to the Davis equation over the entire speed range.  There are also graphs of the error and percentage error over the same speed range. 

Appendix

Summary of English Resistance Equations Used in Fcalc 2.0
Standard Roller Bearings

Locomotive             R=1.3T + 29N + 0.03TV + 0.0024CAV²

Steam Locomotive       R=1.3T + 29N + 0.03TV + 0.0024CAV² + 20DF

Standard Freight Car   R=1.5T + 18.125N + 0.015TV + 0.0005AV²

Autorack               R=1.5T + 18.125N + 0.015TV + 0.0007AV²

Empty Hopper           R=1.5T + 18.125N + 0.015TV + 0.0015AV²

TOFC                   R=0.6T + 20N + 0.01TV + 0.20V²

Spine Car              R=0.6T + 20N + 0.01TV + 0.185V²

COFC(Double Stack)     R=0.6T + 20N + 0.01TV + 0.175V²

Passenger Car          R=1.3T + 29N + 0.03TV + 0.00034AV²

Leading Motor Car      R=1.3T + 29N + 0.06TV + 0.0024CAV²

Middle Motor Car       R=1.3T + 29N + 0.06TV + 0.00034AV²

End Motor Car          R=1.3T + 29N + 0.06TV + 0.0006AV²

Optimized Seal/Labyrinth Low-Torque Roller Bearings

Locomotive             R=1.3T + 23N + 0.02TV + 0.0024CAV²

Standard Freight Car   R=1.5T + 11N + 0.01TV + 0.0005AV²

Autorack               R=1.5T + 11N + 0.01TV + 0.0007AV²

Empty Hopper           R=1.5T + 11N + 0.01TV + 0.0015AV²

TOFC                   R=0.6T + 13.5N + 0.007TV + 0.20V²

Spine Car              R=0.6T + 13.5N + 0.007TV + 0.185V²

COFC(Double Stack)     R=0.6T + 13.5N + 0.007TV + 0.175V²

Passenger Car          R=1.3T + 22.5N + 0.019TV + 0.00034AV²

Leading Motor Car      R=1.3T + 22.5N + 0.038TV + 0.0024CAV²

Middle Motor Car       R=1.3T + 22.5N + 0.038TV + 0.00034AV²

End Motor Car          R=1.3T + 22.5N + 0.038TV + 0.0006AV²

Friction Bearings

Steam Locomotive       R=1.3T + 29N + 0.03TV + 0.0024CAV² + 20DF

Standard Freight Car   R=1.3T + 29N + 0.045TV + 0.0005AV²

Empty Hopper           R=1.3T + 29N + 0.045TV + 0.0015AV²

Passenger Car          R=1.3T + 29N + 0.03TV + 0.00034AV²

Leading Motor Car      R=1.3T + 29N + 0.09TV + 0.0024CAV²

Middle Motor Car       R=1.3T + 29N + 0.09TV + 0.00034AV²

End Motor Car          R=1.3T + 29N + 0.09TV + 0.0006AV²

High-Speed Train

Locomotive(front/rear) R=0.8T + 20N + 0.01TV + 0.0015CAV²

Passenger Car          R=1.0T + 20N + 0.01TV + 0.000003702LAV² 

Maglev

Maglev                 R=2.0T+3.6757e-3LV+(3.702e-6L+0.001143C)AV²

Summary of Metric Resistance Equations Used in Fcalc 2.0
Standard Roller Bearings

Locomotive             R=6.3743T + 128.998N + 0.32905TV + 0.57501CAV²

Steam Locomotive       R=6.3743T + 128.998N + 0.32905TV + 0.57501CAV² + 98.0667DF

Standard Freight Car   R=7.3550T + 80.625N + 0.16453TV + 0.11979AV²

Autorack               R=7.3550T + 80.625N + 0.16453TV + 0.16771AV²

Empty Hopper           R=7.3550T + 80.625N + 0.16453TV + 0.35938AV²

TOFC                   R=2.9420T + 88.964N + 0.10968TV + 4.45168V²

Spine Car              R=2.9420T + 88.964N + 0.10968TV + 4.11780V²

COFC(Double Stack)     R=2.9420T + 88.964N + 0.10968TV + 3.89522V²

Passenger Car          R=6.3743T + 128.998N + 0.32905TV + 0.08146AV²

Leading Motor Car      R=6.3743T + 128.998N + 0.65811TV + 0.57501CAV²

Middle Motor Car       R=6.3743T + 128.998N + 0.65811TV + 0.08146AV²

End Motor Car          R=6.3743T + 128.998N + 0.65811TV + 0.14375AV²

Optimized Seal/Labyrinth Low-Torque Roller Bearings

Locomotive             R=6.3743T + 102.309N + 0.21937TV + 0.57501CAV²

Standard Freight Car   R=7.3550T + 48.9305N + 0.10968TV + 0.11979AV²

Autorack               R=7.3550T + 48.9305N + 0.10968TV + 0.16771AV²

Empty Hopper           R=7.3550T + 48.9305N + 0.10968TV + 0.35938AV²

TOFC                   R=2.9420T + 60.051N + 0.07678TV + 4.45168V²

Spine Car              R=2.9420T + 60.051N + 0.07678TV + 4.11780V²

COFC(Double Stack)     R=2.9420T + 60.051N + 0.07678TV + 3.89522V²

Passenger Car          R=6.3743T + 100.085N + 0.20840TV + 0.08146AV²

Leading Motor Car      R=6.3743T + 100.085N + 0.41680TV + 0.57501CAV²

Middle Motor Car       R=6.3743T + 100.085N + 0.41680TV + 0.08146AV²

End Motor Car          R=6.3743T + 100.085N + 0.41680TV + 0.14375AV²

Friction Bearings

Steam Locomotive       R=6.3743T + 128.998N + 0.32905TV + 0.57501CAV² + 98.0667DF

Standard Freight Car   R=6.3743T + 128.998N + 0.49358TV + 0.11979AV²

Empty Hopper           R=6.3743T + 128.998N + 0.49358TV + 0.35938AV²

Passenger Car          R=6.3743T + 128.998N + 0.32905TV + 0.08146AV²

Leading Motor Car      R=6.3743T + 128.998N + 0.98716TV + 0.57501CAV²

Middle Motor Car       R=6.3743T + 128.998N + 0.98716TV + 0.08146AV²

End Motor Car          R=6.3743T + 128.998N + 0.98716TV + 0.14375AV²

High-Speed Train

Locomotive(front/rear) R=3.9227T + 88.964N + 0.10968TV + 0.35938CAV²

Passenger Car          R=4.9033T + 88.964N + 0.10968TV + 0.00291LAV²

Maglev

Maglev                 R=9.8066T + 0.12LV + (0.00291L + 0.27388C)AV²
Unit Conversions

1 meter² = 10.76391 ft²

1 ft² = 0.09290304 meter²

1 meter/second = 3.6 km/hr = 2.23693 mph

1 mph = 1.609344 km/hr = 0.44704 meter/second

1 metric ton(tonne) = 1.102311 short ton = 2204.622 pounds

1 short(US) ton = 0.907185 metric ton = 2000 pounds

1 meter = 3.28084 feet

1 foot = 0.3048 meter

1 pound = 4.448222 newtons

1 newton = 0.224809 pounds

Sources

1) Introduction To Transportation Engineering and Planning by Edward K. Morlok, copyright 1978 McGraw-Hill, Inc.

2) Baldwin Red Book, 1939

3) Energy Consumption and Running Time For Trains by Piotr Lucaszewicz, 2001 Department of Vehicle Engineering, Royal Institute of Technology, Stockholm, Sweden (http://www.lib.kth.se/Fulltext/lukaszewicz010608.pdf)

4) Bearing Rolling Resistance - Technical Forum 03-1  Brenco, Inc. (no author or date given)  (http://www.brencoqbs.com/forums/0301.htm) 

5) Railsim Train Performance Calculator Demo  (http://www.RAILSIM.com)
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		7		7		7		7

		10		10		10		10

		20		20		20		20

		30		30		30		30

		40		40		40		40

		50		50		50		50

		60		60		60		60

		70		70		70		70

		75		75		75		75

		79		79		79		79

		80		80		80		80

		81		81		81		81

		82		82		82		82

		83		83		83		83

		84		84		84		84

		85		85		85		85

		86		86		86		86

		87		87		87		87

		88		88		88		88

		89		89		89		89

		90		90		90		90

		91		91		91		91

		92		92		92		92

		93		93		93		93

		94		94		94		94

		95		95		95		95

		96		96		96		96

		97		97		97		97

		98		98		98		98

		99		99		99		99

		100		100		100		100

		101		101		101		101

		102		102		102		102

		103		103		103		103

		104		104		104		104

		105		105		105		105

		106		106		106		106

		107		107		107		107

		108		108		108		108

		109		109		109		109

		110		110		110		110

		111		111		111		111

		112		112		112		112

		113		113		113		113

		114		114		114		114

		115		115		115		115

		116		116		116		116

		117		117		117		117

		118		118		118		118

		119		119		119		119

		120		120		120		120

		121		121		121		121

		122		122		122		122

		123		123		123		123

		124		124		124		124

		125		125		125		125

		126		126		126		126

		127		127		127		127

		128		128		128		128

		129		129		129		129

		130		130		130		130

		131		131		131		131

		132		132		132		132

		133		133		133		133

		134		134		134		134

		135		135		135		135

		136		136		136		136

		137		137		137		137

		138		138		138		138

		139		139		139		139

		140		140		140		140

		141		141		141		141

		142		142		142		142

		143		143		143		143

		144		144		144		144

		145		145		145		145

		146		146		146		146

		147		147		147		147

		148		148		148		148

		149		149		149		149

		150		150		150		150



Davis

Equation 1

Equation 2

Equation 3

Speed(mph)

Pounds

50-ton Freight Car

181.0056252812

180.9711835425

1327.5321555825

0

181.22545

180.9711835425

527.8737324159

0

181.4518

180.9711835425

443.8871292951

0

181.67905

180.9711835425

401.0972994077

0

181.9072

180.9711835425

373.2630958015

0

182.13625

180.9711835425

353.0104408048

0

182.3662

180.9711835425

337.2812812399

0

182.59705

180.9711835425

324.5305169434

0

182.8288

180.9711835425

313.875599206

0

183.06145

180.9711835425

304.7680415084

0

183.295

180.9711835425

296.8452142199

0

183.52945

181.5046901569

289.8557234259

0

183.7648

181.5394272658

283.6186203268

0

184.00105

181.5765608416

277.9996271742

0

184.2382

181.6160527773

272.8965483382

0

184.47625

181.657868338

268.2299303311

0

184.7152

181.701975651

263.9368662079

0

184.95505

181.7483453007

259.9667598057

0

185.1958

181.7969500022

256.2783535883

0

185.43745

181.8477643339

252.8375953917

0

185.68

181.900764517

249.6160765228

0

185.92345

181.9559282306

246.5898678566

0

186.1678

182.0132344555

243.7386387696

0

186.41305

182.0726633417

241.0449806974

0

186.6592

182.1341960943

238.493881132

0

186.90625

182.1978148748

236.0723098437

0

187.1542

182.2635027157

233.7688899327

0

187.40305

182.3312434456

231.5736337843

0

187.6528

182.4010216232

229.4777292327

0

187.90345

182.4728224788

227.4733649647

0

188.155

182.5466318629

225.5535868792

0

188.40745

182.6224362002

223.7121790825

0

188.6608

182.7002224477

221.9435646476

0

188.91505

182.7799780581

220.2427223493

0

189.1702

182.8616909464

218.6051164057

0

189.42625

182.9453494592

217.0266368749

0

189.6832

183.0309423473

215.5035488396

0

189.94105

183.1184587412

214.0324488771

0

190.1998

183.2078881277

212.6102276062

0

190.45945

183.2992203292

211.2340373248

0

190.72

183.3924454848

209.9012639377

0

190.98145

183.4875540324

208.6095025123

0

191.2438

183.5845366925

207.3565359185

0

191.50705

183.6833844536

206.1403161001

0

191.7712

183.784088558

204.9589476002

0

192.03625

183.8866404891

203.8106730254

0

192.3022

183.9910319595

202.6938601833

0

192.56905

184.0972549

201.6069906678

0

192.8368

184.2053014491

200.5486497038

0

193.10545

184.3151639436

199.517517088

0

193.375

184.4268349098

198.5123590882

0

193.64545

184.5403070544

197.5320211836

0

193.9168

184.6555732575

196.5754215422

0

194.18905

184.7726265646

195.6415451505

0

194.4622

184.89146018

194.7294385165

0

194.73625

185.01206746

193.838204883

0

195.0112

185.1344419071

192.9669998923

0

195.28705

185.2585771639

192.1150276529

0

195.5638

185.3844670082

191.2815371645

0

195.84145

185.5121053468

190.4658190634

0

196.12

185.641486212

189.6672026543

0

196.39945

185.7726037557

200.9396561155

0

196.6798

185.9054522459

201.1331249985

0

196.96105

186.0400260623

201.3284816089

0

197.2432

186.1763196922

201.525713963

0

197.52625

186.314327727

201.7248103399

0

197.8102

186.4540448587

201.9257592721

0

198.09505

186.5954658762

202.1285495363

0

198.3808

186.7385856624

202.3331701442

0

198.66745

186.8833991911

202.5396103345

0

198.955

187.0299015239

202.7478595652

0

208

192.1887334982

209.7915073208

0

244

219.2172342516

242.7333278277

0

289

259.9687087973

287.6668387366

0

343

313.3359404755

342.7327866143

0

406

378.6015009501

406.8137128878

0

478

455.2408169591

479.134682537

0

559

542.8439007861

559.114527671

0

602.875

590.6500686962

601.829714402

0

639.595

630.783108285

637.2641204194

0

649

641.0763113551

646.2949942811

0

658.495

651.4729644604

655.394083047

0

668.08

661.9728108901

664.5610502718

0

677.755

672.5755977085

673.7955652679

0

687.52

683.2810756553

683.0973029381

0

697.375

694.0889990479

692.4659436156

0

707.32

704.999125689

701.9011729104

0

717.355

716.0112167769

711.4026815615

0

727.48

727.125036819

720.9701652947

0

737.695

738.3403535491

730.6033246869

0

748

749.6569378467

740.3018650344

0

758.395

761.0745636602

750.0654962269

0

768.88

772.5930079324

759.8939326261

0

779.455

784.2120505283

769.7868929485

0

790.12

795.9314741657

779.7441001531

0

800.875

807.7510643484

789.7652813326

0

811.72

819.6706093011

799.8501676086

0

822.655

831.6898999072

809.9984940311

0

833.68

843.8087296475

820.2099994804

0

844.795

856.0268945424

830.4844265736

0

856

868.3441930951

840.8215215738

0

867.295

880.7604262362

851.2210343018

0

878.68

893.2753972713

861.6827180522

0

890.155

905.8889118292

872.2063295111

0

901.72

918.6007778121

882.7916286765

0

913.375

931.4108053475

893.4383787826

0

925.12

944.3188067411

904.1463462249

0

936.955

957.3245964318

914.9153004887

0

948.88

970.4279909472

925.7450140799

0

960.895

983.6288088614

936.6352624574

0

973

996.9268707532

947.5858239683

0

985.195

1010.321999166

958.5964797842

0

997.48

1023.8140185684

969.6670138408

0

1009.855

1037.402755317

980.7972127777

0

1022.32

1051.0880376186

991.9868658817

0

1034.875

1064.8696954949

1003.2357650302

0

1047.52

1078.7475607477

1014.5437046376

0

1060.255

1092.7214669247

1025.9104816024

0

1073.08

1106.7912492868

1037.3358952564

0

1085.995

1120.956744776

1048.8197473147

0

1099

1135.2177919841

1060.3618418281

0

1112.095

1149.5742311225

1071.961985136

0

1125.28

1164.0259039926

1083.6199858208

0

1138.555

1178.572653957

1095.3356546639

0

1151.92

1193.2143259114

1107.1088046029

0

1165.375

1207.9507662577

1118.9392506893

0

1178.92

1222.7818228768

1130.8268100483

0

1192.555

1237.7073451034

1142.7713018389

0

1206.28

1252.7271836998

1154.7725472157

0

1220.095

1267.8411908324

1166.8303692914

0

1234

1283.0492200468

1178.9445931

0

1247.995

1298.3511262448

1191.1150455615

0

1262.08

1313.7467656614

1203.3415554475

0

1276.255

1329.2359958426

1215.6239533469

0

1290.52

1344.8186756236

1227.9620716338

0

1304.875

1360.4946651076

1240.3557444348

0

1319.32

1376.263825645

1252.8048075983

0

1333.855

1392.1260198134

1265.3090986638

0

1348.48

1408.0811113974

1277.8684568322

0

1363.195

1424.1289653698

1290.4827229372

0

1378

1440.2694478723

1303.1517394167

0

1392.895

1456.5024261974

1315.8753502853

0

1407.88

1472.8277687702

1328.6534011078

0

1422.955

1489.245345131

1341.4857389724

0

1438.12

1505.7550259177

1354.3722124657

0

1453.375

1522.3566828496

1367.312671647

0

1468.72

1539.0501887102

1380.3069680247

0

1484.155

1555.8354173319

1393.3549545317

0

1499.68

1572.7122435796

1406.4564855026

0

1515.295

1589.6805433358

1419.6114166508

0

1531

1606.740193485

1432.8196050462

0



Comparison

		

		Davis

		A + BV + CV²

		A		181		lbs

		B		2.25		lbs/mph

		C		0.045		lbs/mph²

		Fcalc		Equation 1		Equation 2		Equation 3

		C1		805.0		1079.7		0.0		N/m/s

		E1		0		-0.25		0

		V2		1		6		1		mph

		C2		3.270		6.537		0.000		N/m/s

		E2		1.8		1.602		0

		Velocity(mph)		Davis		Equation 1		Equation 2		Equation 3

		0		181.0		181.0		1327.5		0.0

		0.1		181.2		181.0		527.9		0.0

		0.2		181.5		181.0		443.9		0.0

		0.3		181.7		181.0		401.1		0.0

		0.4		181.9		181.0		373.3		0.0

		0.5		182.1		181.0		353.0		0.0

		0.6		182.4		181.0		337.3		0.0

		0.7		182.6		181.0		324.5		0.0

		0.8		182.8		181.0		313.9		0.0

		0.9		183.1		181.0		304.8		0.0

		1		183.3		181.0		296.8		0.0

		1.1		183.5		181.5		289.9		0.0

		1.2		183.8		181.5		283.6		0.0

		1.3		184.0		181.6		278.0		0.0

		1.4		184.2		181.6		272.9		0.0

		1.5		184.5		181.7		268.2		0.0

		1.6		184.7		181.7		263.9		0.0

		1.7		185.0		181.7		260.0		0.0

		1.8		185.2		181.8		256.3		0.0

		1.9		185.4		181.8		252.8		0.0

		2		185.7		181.9		249.6		0.0

		2.1		185.9		182.0		246.6		0.0

		2.2		186.2		182.0		243.7		0.0

		2.3		186.4		182.1		241.0		0.0

		2.4		186.7		182.1		238.5		0.0

		2.5		186.9		182.2		236.1		0.0

		2.6		187.2		182.3		233.8		0.0

		2.7		187.4		182.3		231.6		0.0

		2.8		187.7		182.4		229.5		0.0

		2.9		187.9		182.5		227.5		0.0

		3		188.2		182.5		225.6		0.0

		3.1		188.4		182.6		223.7		0.0

		3.2		188.7		182.7		221.9		0.0

		3.3		188.9		182.8		220.2		0.0

		3.4		189.2		182.9		218.6		0.0

		3.5		189.4		182.9		217.0		0.0

		3.6		189.7		183.0		215.5		0.0

		3.7		189.9		183.1		214.0		0.0

		3.8		190.2		183.2		212.6		0.0

		3.9		190.5		183.3		211.2		0.0

		4		190.7		183.4		209.9		0.0

		4.1		191.0		183.5		208.6		0.0

		4.2		191.2		183.6		207.4		0.0

		4.3		191.5		183.7		206.1		0.0

		4.4		191.8		183.8		205.0		0.0

		4.5		192.0		183.9		203.8		0.0

		4.6		192.3		184.0		202.7		0.0

		4.7		192.6		184.1		201.6		0.0

		4.8		192.8		184.2		200.5		0.0

		4.9		193.1		184.3		199.5		0.0

		5		193.4		184.4		198.5		0.0

		5.1		193.6		184.5		197.5		0.0

		5.2		193.9		184.7		196.6		0.0

		5.3		194.2		184.8		195.6		0.0

		5.4		194.5		184.9		194.7		0.0

		5.5		194.7		185.0		193.8		0.0

		5.6		195.0		185.1		193.0		0.0

		5.7		195.3		185.3		192.1		0.0

		5.8		195.6		185.4		191.3		0.0

		5.9		195.8		185.5		190.5		0.0

		6		196.1		185.6		189.7		0.0

		6.1		196.4		185.8		200.9		0.0

		6.2		196.7		185.9		201.1		0.0

		6.3		197.0		186.0		201.3		0.0

		6.4		197.2		186.2		201.5		0.0

		6.5		197.5		186.3		201.7		0.0

		6.6		197.8		186.5		201.9		0.0

		6.7		198.1		186.6		202.1		0.0

		6.8		198.4		186.7		202.3		0.0

		6.9		198.7		186.9		202.5		0.0

		7		199.0		187.0		202.7		0.0

		10		208.0		192.2		209.8		0.0

		20		244.0		219.2		242.7		0.0

		30		289.0		260.0		287.7		0.0

		40		343.0		313.3		342.7		0.0

		50		406.0		378.6		406.8		0.0

		60		478.0		455.2		479.1		0.0

		70		559.0		542.8		559.1		0.0

		75		602.9		590.7		601.8		0.0

		79		639.6		630.8		637.3		0.0

		80		649.0		641.1		646.3		0.0

		81		658.5		651.5		655.4		0.0

		82		668.1		662.0		664.6		0.0

		83		677.8		672.6		673.8		0.0

		84		687.5		683.3		683.1		0.0

		85		697.4		694.1		692.5		0.0

		86		707.3		705.0		701.9		0.0

		87		717.4		716.0		711.4		0.0

		88		727.5		727.1		721.0		0.0

		89		737.7		738.3		730.6		0.0

		90		748.0		749.7		740.3		0.0

		91		758.4		761.1		750.1		0.0

		92		768.9		772.6		759.9		0.0

		93		779.5		784.2		769.8		0.0

		94		790.1		795.9		779.7		0.0

		95		800.9		807.8		789.8		0.0

		96		811.7		819.7		799.9		0.0

		97		822.7		831.7		810.0		0.0

		98		833.7		843.8		820.2		0.0

		99		844.8		856.0		830.5		0.0

		100		856.0		868.3		840.8		0.0

		101		867.3		880.8		851.2		0.0

		102		878.7		893.3		861.7		0.0

		103		890.2		905.9		872.2		0.0

		104		901.7		918.6		882.8		0.0

		105		913.4		931.4		893.4		0.0

		106		925.1		944.3		904.1		0.0

		107		937.0		957.3		914.9		0.0

		108		948.9		970.4		925.7		0.0

		109		960.9		983.6		936.6		0.0

		110		973.0		996.9		947.6		0.0

		111		985.2		1010.3		958.6		0.0

		112		997.5		1023.8		969.7		0.0

		113		1009.9		1037.4		980.8		0.0

		114		1022.3		1051.1		992.0		0.0

		115		1034.9		1064.9		1003.2		0.0
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		86		86		86		86

		87		87		87		87

		88		88		88		88

		89		89		89		89

		90		90		90		90

		91		91		91		91

		92		92		92		92

		93		93		93		93

		94		94		94		94

		95		95		95		95

		96		96		96		96

		97		97		97		97

		98		98		98		98

		99		99		99		99

		100		100		100		100

		101		101		101		101

		102		102		102		102

		103		103		103		103

		104		104		104		104

		105		105		105		105

		106		106		106		106

		107		107		107		107

		108		108		108		108

		109		109		109		109

		110		110		110		110

		111		111		111		111

		112		112		112		112

		113		113		113		113

		114		114		114		114

		115		115		115		115

		116		116		116		116

		117		117		117		117

		118		118		118		118

		119		119		119		119

		120		120		120		120

		121		121		121		121

		122		122		122		122

		123		123		123		123

		124		124		124		124

		125		125		125		125

		126		126		126		126

		127		127		127		127

		128		128		128		128

		129		129		129		129

		130		130		130		130

		131		131		131		131

		132		132		132		132

		133		133		133		133

		134		134		134		134

		135		135		135		135

		136		136		136		136

		137		137		137		137

		138		138		138		138

		139		139		139		139

		140		140		140		140

		141		141		141		141

		142		142		142		142

		143		143		143		143

		144		144		144		144

		145		145		145		145

		146		146		146		146

		147		147		147		147

		148		148		148		148

		149		149		149		149

		150		150		150		150



Davis

Equation 1

Equation 2

Equation 3

Speed(mph)

Pounds

80-ton Freight Car

204.7833073438

206.1497829919

404.0690709226

0

206.1578

206.1497829919

221.947169043

0

207.6456

207.0907349875

214.3164050078

0

209.2434

207.7445028514

215.0027406258

0

210.9512

208.6006628173

215.8925738381

0

212.769

209.6477053239

216.9726483653

0

214.6968

210.877214746

218.2333486195

0

216.7346

212.2826137315

219.6672061747

0

218.8824

213.8585369082

221.2681599981

0

221.1402

215.6004744708

223.0311377743

0

223.508

217.504550684

224.9517969085

0

225.9858

219.5673772061

227.026353693

0

228.5736

221.7859511639

229.2514650076

0

231.2714

224.15758159

231.6241432027

0

234.0792

226.6798346778

234.1416929334

0

236.997

229.350491997

236.8016630701

0

240.0248

232.1675179147

239.6018092931

0

243.1626

235.1290337312

242.5400644598

0

246.4104

238.2332968201

245.6145147547

0

249.7682

241.478683575

248.823380229

0

253.236

244.8636752999

252.1649987267

0

256.8138

248.3868464087

255.6378124653

0

260.5016

252.046854463

259.2403567243

0

264.2994

255.8424316889

262.9712502279

0

268.2072

259.7723776977

266.829186904

0

272.225

263.8355531953

270.8129287724

0

276.3528

268.0308745112

274.9212997684

0

280.5906

272.357308813

279.153180346

0

284.9384

276.8138698968

283.5075027369

0

289.3962

281.3996144666

287.9832467653

0

293.964

286.1136388309

292.5794361352

0

298.6418

290.9550759561

297.2951351237

0

303.4296

295.923092829

302.1294456226

0

308.3274

301.0168880866

307.0815044837

0

313.3352

306.2356898781

312.1504811266

0

318.453

311.578753932

317.3355753766

0

323.6808

317.0453618005

322.6360155044

0

329.0186

322.6348192635

328.0510564445

0

334.4664

328.346454871

333.5799781699

0

340.0242

334.17961861

339.2220842069

0

345.692

340.1336806825

344.9767002743

0

351.4698

346.2080303814

350.8431730338

0

357.3576

352.4020750559

356.8208689389

0

363.3554

358.7152391561

362.9091731747

0

369.4632

365.1469633492

369.1074886765

0

375.681

371.6967037014

375.4152352225

0

382.0088

378.3639309174

381.8318485911

0

388.4466

385.1481296345

388.3567797789

0

394.9944

392.0487977642

394.9894942719

0

401.6522

399.0654458785

401.7294713673

0

408.42

406.1975966369

408.5762035391

0

415.2978

413.4447842497

415.5291958461

0

422.2856

420.8065539761

422.5879653773

0

429.3834

428.2824616524

429.7520407316

0

436.5912

435.87207325

437.0209615303

0

443.909

443.5749644592

444.3942779581

0

451.3368

451.3907202973

451.8715503323

0

458.8746

459.3189347396

459.4523486955

0

466.5224

467.3592103709

467.1362524332

0

474.2802

475.5111580571

474.9228499119

0

482.148

483.7743966338

482.8117381372

0

490.1258

492.148552612

490.8025224306

0

498.2136

500.6332598998

498.8948161236

0

506.4114

509.2281595379

507.0882402678

0

514.7192

517.9328994487

515.3824233596

0

523.137

526.7471341987

523.7770010796

0

531.6648

535.6705247718

532.271616044

0

540.3026

544.7027383542

540.8659175698

0

549.0504

553.8434481293

549.5595614493

0

557.9082

563.0923330828

558.3522097374

0

566.876

572.4490778164

567.2435305477

0

575.9538

581.9133723703

576.2331978582

0

585.1416

591.4849120535

585.3208913266

0

594.4394

601.1633972824

594.5062961128

0

603.8472

610.9485334253

603.7891027102

0

613.365

620.8400306551

613.1690067843

0

622.9928

630.837603807

622.6457090178

0

632.7306

640.9409722431

632.2189149626

0

642.5784

651.1498597222

641.8883348985

0

652.5362

661.4639942755

651.6536836966

0

662.604

671.8831080866

661.5146806898

0

672.7818

682.4069373767

671.4710495474

0

683.0696

693.0352222948

681.5225181551

0

693.4674

703.7677068113

691.6688184999

0

703.9752

714.6041386168

701.9096865595

0

714.593

725.5442690233

712.2448621957

0

725.3208

736.5878528711

722.674089052

0

736.1586

747.7346484371

733.1971144551

0

747.1064

758.9844173483

743.8136893202

0

758.1642

770.336924497

754.5235680595

0

769.332

781.7919379603

765.3265084942

0

780.6098

793.3492289214

776.22227177

0

791.9976

805.0085715945

787.2106222745

0

803.4954

816.7697431518

798.2913275593

0

815.1032

828.6325236533

809.4641582628

0

826.821

840.5966959789

820.7288880376

0

838.6488

852.6620457629

832.0852934785

0

850.5866

864.8283613304

843.5331540549

0

862.6344

877.0954336364

855.0722520434

0

874.7922

889.4630562059

866.7023724646

0

887.06

901.9310250772

878.4233030205

0

899.4378

914.4991387461

890.2348340344

0

911.9256

927.1671981119

902.1367583932

0

924.5234

939.9350064259

914.1288714908

0

937.2312

952.8023692404

926.210971174

0

950.049

965.7690943603

938.3828576891

0

962.9768

978.8349917954

950.6443336313

0

976.0146

991.9998737147

962.9952038949

0

989.1624

1005.2635544016

975.4352756251

0

1002.4202

1018.6258502107

987.9643581715

0

1015.788

1032.0865795263

1000.5822630429

0

1029.2658

1045.6455627208

1013.2888038632

0

1042.8536

1059.302622116

1026.0837963286

0

1056.5514

1073.0575819441

1038.9670581669

0

1070.3592

1086.9102683105

1051.9384090963

0

1084.277

1100.8605091578

1064.9976707871

0

1098.3048

1114.9081342302

1078.1446668235

0

1112.4426

1129.0529750393

1091.3792226662

0

1126.6904

1143.294864831

1104.7011656175

0

1141.0482

1157.6336385524

1118.1103247853

0

1155.516

1172.0691328212

1131.60653105

0

1170.0938

1186.601185894

1145.189617031

0

1184.7816

1201.2296376371

1158.8594170546

0

1199.5794

1215.954329497

1172.6157671229

0

1214.4872

1230.7751044724

1186.458504883

0

1229.505

1245.6918070859

1200.3874695978

0

1244.6328

1260.7042833579

1214.4025021166

0

1259.8706

1275.8123807798

1228.503444847

0

1275.2184

1291.0159482888

1242.6901417277

0

1290.6762

1306.3148362426

1256.9624382019

0

1306.244

1321.7088963954

1271.3201811904

0

1321.9218

1337.1979818741

1285.7632190672

0

1337.7096

1352.7819471551

1300.2914016338

0

1353.6074

1368.4606480418

1314.9045800958

0

1369.6152

1384.2339416428

1329.6026070386

0

1385.733

1400.1016863498

1344.3853364049

0

1401.9608

1416.0637418174

1359.2526234717

0

1418.2986

1432.1199689419

1374.204324829

0

1434.7464

1448.270229842

1389.2402983578

0

1451.3042

1464.5143878385

1404.3604032093

0

1467.972

1480.8523074358

1419.5644997847

0

1484.7498

1497.2838543031

1434.8524497153

0

1501.6376

1513.8088952561

1450.2241158422

0

1518.6354

1530.427298239

1465.6793621985

0

1535.7432

1547.1389323075

1481.2180539895

0

1552.961

1563.9436676116

1496.8400575752

0

1570.2888

1580.8413753788

1512.5452404522

0

1587.7266

1597.831927898

1528.3334712365

0

1605.2744

1614.9151985035

1544.2046196462

0

1622.9322

1632.0910615594

1560.1585564851

0

1640.7

1649.3593924444

1576.1951536263

0



Comparison

		

		Davis

		A + BV + CV²

		A		204.78		lbs

		B		1.3228		lbs/mph

		C		0.055		lbs/mph²

		Fcalc		Equation 1		Equation 2		Equation 3

		C1		917.0		910.9		0.0		N/m/s

		E1		0		-0.1		0

		V2		1		1.5		1		mph

		C2		3.310		3.546		0.000		N/m/s

		E2		1.8		1.77		0

		Velocity(mph)		Davis		Equation 1		Equation 2		Equation 3

		0		204.8		206.1		404.1		0.0

		1		206.2		206.1		221.9		0.0

		2		207.6		207.1		214.3		0.0

		3		209.2		207.7		215.0		0.0

		4		211.0		208.6		215.9		0.0

		5		212.8		209.6		217.0		0.0

		6		214.7		210.9		218.2		0.0

		7		216.7		212.3		219.7		0.0

		8		218.9		213.9		221.3		0.0

		9		221.1		215.6		223.0		0.0

		10		223.5		217.5		225.0		0.0

		11		226.0		219.6		227.0		0.0

		12		228.6		221.8		229.3		0.0

		13		231.3		224.2		231.6		0.0

		14		234.1		226.7		234.1		0.0

		15		237.0		229.4		236.8		0.0

		16		240.0		232.2		239.6		0.0

		17		243.2		235.1		242.5		0.0

		18		246.4		238.2		245.6		0.0

		19		249.8		241.5		248.8		0.0

		20		253.2		244.9		252.2		0.0

		21		256.8		248.4		255.6		0.0

		22		260.5		252.0		259.2		0.0

		23		264.3		255.8		263.0		0.0

		24		268.2		259.8		266.8		0.0

		25		272.2		263.8		270.8		0.0

		26		276.4		268.0		274.9		0.0

		27		280.6		272.4		279.2		0.0

		28		284.9		276.8		283.5		0.0

		29		289.4		281.4		288.0		0.0

		30		294.0		286.1		292.6		0.0

		31		298.6		291.0		297.3		0.0

		32		303.4		295.9		302.1		0.0

		33		308.3		301.0		307.1		0.0

		34		313.3		306.2		312.2		0.0

		35		318.5		311.6		317.3		0.0

		36		323.7		317.0		322.6		0.0

		37		329.0		322.6		328.1		0.0

		38		334.5		328.3		333.6		0.0

		39		340.0		334.2		339.2		0.0

		40		345.7		340.1		345.0		0.0

		41		351.5		346.2		350.8		0.0

		42		357.4		352.4		356.8		0.0

		43		363.4		358.7		362.9		0.0

		44		369.5		365.1		369.1		0.0

		45		375.7		371.7		375.4		0.0

		46		382.0		378.4		381.8		0.0

		47		388.4		385.1		388.4		0.0

		48		395.0		392.0		395.0		0.0

		49		401.7		399.1		401.7		0.0

		50		408.4		406.2		408.6		0.0

		51		415.3		413.4		415.5		0.0

		52		422.3		420.8		422.6		0.0

		53		429.4		428.3		429.8		0.0

		54		436.6		435.9		437.0		0.0

		55		443.9		443.6		444.4		0.0

		56		451.3		451.4		451.9		0.0

		57		458.9		459.3		459.5		0.0

		58		466.5		467.4		467.1		0.0

		59		474.3		475.5		474.9		0.0

		60		482.1		483.8		482.8		0.0

		61		490.1		492.1		490.8		0.0

		62		498.2		500.6		498.9		0.0

		63		506.4		509.2		507.1		0.0

		64		514.7		517.9		515.4		0.0

		65		523.1		526.7		523.8		0.0

		66		531.7		535.7		532.3		0.0

		67		540.3		544.7		540.9		0.0

		68		549.1		553.8		549.6		0.0

		69		557.9		563.1		558.4		0.0

		70		566.9		572.4		567.2		0.0

		71		576.0		581.9		576.2		0.0

		72		585.1		591.5		585.3		0.0

		73		594.4		601.2		594.5		0.0

		74		603.8		610.9		603.8		0.0

		75		613.4		620.8		613.2		0.0

		76		623.0		630.8		622.6		0.0

		77		632.7		640.9		632.2		0.0

		78		642.6		651.1		641.9		0.0

		79		652.5		661.5		651.7		0.0

		80		662.6		671.9		661.5		0.0

		81		672.8		682.4		671.5		0.0

		82		683.1		693.0		681.5		0.0

		83		693.5		703.8		691.7		0.0

		84		704.0		714.6		701.9		0.0

		85		714.6		725.5		712.2		0.0

		86		725.3		736.6		722.7		0.0

		87		736.2		747.7		733.2		0.0

		88		747.1		759.0		743.8		0.0

		89		758.2		770.3		754.5		0.0

		90		769.3		781.8		765.3		0.0

		91		780.6		793.3		776.2		0.0

		92		792.0		805.0		787.2		0.0

		93		803.5		816.8		798.3		0.0

		94		815.1		828.6		809.5		0.0

		95		826.8		840.6		820.7		0.0

		96		838.6		852.7		832.1		0.0

		97		850.6		864.8		843.5		0.0

		98		862.6		877.1		855.1		0.0

		99		874.8		889.5		866.7		0.0

		100		887.1		901.9		878.4		0.0

		101		899.4		914.5		890.2		0.0

		102		911.9		927.2		902.1		0.0

		103		924.5		939.9		914.1		0.0

		104		937.2		952.8		926.2		0.0

		105		950.0		965.8		938.4		0.0

		106		963.0		978.8		950.6		0.0

		107		976.0		992.0		963.0		0.0

		108		989.2		1005.3		975.4		0.0

		109		1002.4		1018.6		988.0		0.0

		110		1015.8		1032.1		1000.6		0.0

		111		1029.3		1045.6		1013.3		0.0

		112		1042.9		1059.3		1026.1		0.0

		113		1056.6		1073.1		1039.0		0.0

		114		1070.4		1086.9		1051.9		0.0

		115		1084.3		1100.9		1065.0		0.0

		116		1098.3		1114.9		1078.1		0.0

		117		1112.4		1129.1		1091.4		0.0

		118		1126.7		1143.3		1104.7		0.0

		119		1141.0		1157.6		1118.1		0.0

		120		1155.5		1172.1		1131.6		0.0

		121		1170.1		1186.6		1145.2		0.0

		122		1184.8		1201.2		1158.9		0.0

		123		1199.6		1216.0		1172.6		0.0

		124		1214.5		1230.8		1186.5		0.0

		125		1229.5		1245.7		1200.4		0.0

		126		1244.6		1260.7		1214.4		0.0

		127		1259.9		1275.8		1228.5		0.0

		128		1275.2		1291.0		1242.7		0.0

		129		1290.7		1306.3		1257.0		0.0

		130		1306.2		1321.7		1271.3		0.0

		131		1321.9		1337.2		1285.8		0.0

		132		1337.7		1352.8		1300.3		0.0

		133		1353.6		1368.5		1314.9		0.0

		134		1369.6		1384.2		1329.6		0.0

		135		1385.7		1400.1		1344.4		0.0

		136		1402.0		1416.1		1359.3		0.0

		137		1418.3		1432.1		1374.2		0.0

		138		1434.7		1448.3		1389.2		0.0

		139		1451.3		1464.5		1404.4		0.0

		140		1468.0		1480.9		1419.6		0.0

		141		1484.7		1497.3		1434.9		0.0

		142		1501.6		1513.8		1450.2		0.0

		143		1518.6		1530.4		1465.7		0.0

		144		1535.7		1547.1		1481.2		0.0

		145		1553.0		1563.9		1496.8		0.0

		146		1570.3		1580.8		1512.5		0.0

		147		1587.7		1597.8		1528.3		0.0

		148		1605.3		1614.9		1544.2		0.0

		149		1622.9		1632.1		1560.2		0.0

		150		1640.7		1649.4		1576.2		0.0
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Comparison

		

		Davis

		A + BV + CV²

		A		194.81		lbs

		B		1.8188		lbs/mph

		C		0.041		lbs/mph²

		Fcalc		Equation 1		Equation 2		Equation 3

		C1		868.0		866.5		0.0		N/m/s

		E1		0		-0.1		0

		V2		1		1.1		1		mph

		C2		2.880		3.552		0.000		N/m/s

		E2		1.8		1.734		0

		Velocity(mph)		Davis		Equation 1		Equation 2		Equation 3

		0		194.8		195.1		384.4		0.0

		1		196.7		195.1		211.1		0.0

		2		198.6		196.0		210.2		0.0

		3		200.6		196.5		210.8		0.0

		4		202.7		197.3		211.7		0.0

		5		204.9		198.2		212.7		0.0

		6		207.2		199.2		213.9		0.0

		7		209.6		200.5		215.3		0.0

		8		212.0		201.8		216.8		0.0

		9		214.5		203.4		218.4		0.0

		10		217.1		205.0		220.2		0.0

		11		219.8		206.8		222.2		0.0

		12		222.5		208.7		224.2		0.0

		13		225.4		210.8		226.4		0.0

		14		228.3		213.0		228.7		0.0

		15		231.3		215.3		231.2		0.0

		16		234.4		217.8		233.7		0.0

		17		237.6		220.3		236.4		0.0

		18		240.8		223.0		239.2		0.0

		19		244.2		225.9		242.1		0.0

		20		247.6		228.8		245.2		0.0

		21		251.1		231.9		248.3		0.0

		22		254.7		235.1		251.6		0.0

		23		258.3		238.4		254.9		0.0

		24		262.1		241.8		258.4		0.0

		25		265.9		245.3		262.0		0.0

		26		269.8		249.0		265.7		0.0

		27		273.8		252.7		269.5		0.0

		28		277.9		256.6		273.4		0.0

		29		282.0		260.6		277.4		0.0

		30		286.3		264.7		281.5		0.0

		31		290.6		268.9		285.7		0.0

		32		295.0		273.2		290.0		0.0

		33		299.5		277.7		294.5		0.0

		34		304.0		282.2		299.0		0.0

		35		308.7		286.9		303.6		0.0

		36		313.4		291.6		308.3		0.0

		37		318.2		296.5		313.1		0.0

		38		323.1		301.5		318.0		0.0

		39		328.1		306.5		323.0		0.0

		40		333.2		311.7		328.1		0.0

		41		338.3		317.0		333.3		0.0

		42		343.5		322.4		338.6		0.0

		43		348.8		327.9		343.9		0.0

		44		354.2		333.5		349.4		0.0

		45		359.7		339.2		354.9		0.0

		46		365.2		345.0		360.6		0.0

		47		370.9		350.9		366.3		0.0

		48		376.6		356.9		372.2		0.0

		49		382.4		363.0		378.1		0.0

		50		388.3		369.2		384.1		0.0

		51		394.2		375.5		390.2		0.0

		52		400.3		381.9		396.4		0.0

		53		406.4		388.4		402.7		0.0

		54		412.6		395.0		409.0		0.0

		55		418.9		401.7		415.5		0.0

		56		425.2		408.5		422.0		0.0

		57		431.7		415.4		428.6		0.0

		58		438.2		422.4		435.3		0.0

		59		444.8		429.5		442.1		0.0

		60		451.5		436.7		449.0		0.0

		61		458.3		444.0		456.0		0.0

		62		465.2		451.4		463.0		0.0

		63		472.1		458.8		470.2		0.0

		64		479.1		466.4		477.4		0.0

		65		486.3		474.1		484.7		0.0

		66		493.4		481.8		492.1		0.0

		67		500.7		489.7		499.5		0.0

		68		508.1		497.7		507.1		0.0

		69		515.5		505.7		514.7		0.0

		70		523.0		513.8		522.4		0.0

		71		530.6		522.1		530.2		0.0

		72		538.3		530.4		538.1		0.0

		73		546.1		538.8		546.0		0.0

		74		553.9		547.3		554.1		0.0

		75		561.8		556.0		562.2		0.0

		76		569.9		564.7		570.4		0.0

		77		577.9		573.4		578.6		0.0

		78		586.1		582.3		587.0		0.0

		79		594.4		591.3		595.4		0.0

		80		602.7		600.4		603.9		0.0

		81		611.1		609.5		612.5		0.0

		82		619.6		618.8		621.2		0.0

		83		628.2		628.1		629.9		0.0

		84		636.9		637.5		638.7		0.0

		85		645.6		647.1		647.6		0.0

		86		654.5		656.7		656.6		0.0

		87		663.4		666.4		665.7		0.0

		88		672.4		676.2		674.8		0.0

		89		681.4		686.0		684.0		0.0

		90		690.6		696.0		693.3		0.0

		91		699.8		706.1		702.7		0.0

		92		709.2		716.2		712.1		0.0

		93		718.6		726.4		721.6		0.0

		94		728.1		736.8		731.2		0.0

		95		737.6		747.2		740.8		0.0

		96		747.3		757.7		750.6		0.0

		97		757.0		768.2		760.4		0.0

		98		766.8		778.9		770.3		0.0

		99		776.7		789.7		780.2		0.0

		100		786.7		800.5		790.3		0.0

		101		796.7		811.5		800.4		0.0

		102		806.9		822.5		810.6		0.0

		103		817.1		833.6		820.8		0.0

		104		827.4		844.8		831.1		0.0

		105		837.8		856.1		841.5		0.0

		106		848.3		867.4		852.0		0.0

		107		858.8		878.9		862.6		0.0

		108		869.5		890.4		873.2		0.0

		109		880.2		902.1		883.9		0.0

		110		891.0		913.8		894.6		0.0

		111		901.9		925.6		905.5		0.0

		112		912.8		937.5		916.4		0.0

		113		923.9		949.4		927.4		0.0

		114		935.0		961.5		938.4		0.0

		115		946.2		973.6		949.5		0.0

		116		957.5		985.8		960.7		0.0

		117		968.9		998.1		972.0		0.0

		118		980.3		1010.5		983.3		0.0

		119		991.8		1023.0		994.7		0.0

		120		1003.5		1035.6		1006.2		0.0

		121		1015.2		1048.2		1017.8		0.0

		122		1026.9		1060.9		1029.4		0.0

		123		1038.8		1073.8		1041.1		0.0

		124		1050.8		1086.7		1052.8		0.0

		125		1062.8		1099.6		1064.6		0.0

		126		1074.9		1112.7		1076.5		0.0

		127		1087.1		1125.8		1088.5		0.0

		128		1099.4		1139.1		1100.5		0.0

		129		1111.7		1152.4		1112.6		0.0

		130		1124.2		1165.8		1124.8		0.0

		131		1136.7		1179.2		1137.1		0.0

		132		1149.3		1192.8		1149.4		0.0

		133		1162.0		1206.4		1161.8		0.0

		134		1174.7		1220.2		1174.2		0.0

		135		1187.6		1234.0		1186.7		0.0

		136		1200.5		1247.9		1199.3		0.0

		137		1213.5		1261.8		1212.0		0.0

		138		1226.6		1275.9		1224.7		0.0

		139		1239.8		1290.0		1237.5		0.0

		140		1253.0		1304.2		1250.3		0.0

		141		1266.4		1318.5		1263.3		0.0

		142		1279.8		1332.9		1276.3		0.0

		143		1293.3		1347.4		1289.3		0.0

		144		1306.9		1361.9		1302.4		0.0

		145		1320.6		1376.5		1315.6		0.0

		146		1334.3		1391.2		1328.9		0.0

		147		1348.1		1406.0		1342.2		0.0

		148		1362.1		1420.9		1355.6		0.0

		149		1376.1		1435.8		1369.1		0.0

		150		1390.1		1450.9		1382.6		0.0
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		204.7833073438		206.1497829919		404.0690709226

		206.1578		206.1497829919		221.947169043

		207.6456		207.0907349875		214.3164050078

		209.2434		207.7445028514		215.0027406258

		210.9512		208.6006628173		215.8925738381

		212.769		209.6477053239		216.9726483653

		214.6968		210.877214746		218.2333486195

		216.7346		212.2826137315		219.6672061747

		218.8824		213.8585369082		221.2681599981

		221.1402		215.6004744708		223.0311377743

		223.508		217.504550684		224.9517969085

		225.9858		219.5673772061		227.026353693

		228.5736		221.7859511639		229.2514650076

		231.2714		224.15758159		231.6241432027

		234.0792		226.6798346778		234.1416929334

		236.997		229.350491997		236.8016630701

		240.0248		232.1675179147		239.6018092931

		243.1626		235.1290337312		242.5400644598

		246.4104		238.2332968201		245.6145147547

		249.7682		241.478683575		248.823380229

		253.236		244.8636752999		252.1649987267

		256.8138		248.3868464087		255.6378124653

		260.5016		252.046854463		259.2403567243

		264.2994		255.8424316889		262.9712502279

		268.2072		259.7723776977		266.829186904

		272.225		263.8355531953		270.8129287724

		276.3528		268.0308745112		274.9212997684

		280.5906		272.357308813		279.153180346

		284.9384		276.8138698968		283.5075027369

		289.3962		281.3996144666		287.9832467653

		293.964		286.1136388309		292.5794361352

		298.6418		290.9550759561		297.2951351237

		303.4296		295.923092829		302.1294456226

		308.3274		301.0168880866		307.0815044837

		313.3352		306.2356898781		312.1504811266

		318.453		311.578753932		317.3355753766

		323.6808		317.0453618005		322.6360155044

		329.0186		322.6348192635		328.0510564445

		334.4664		328.346454871		333.5799781699

		340.0242		334.17961861		339.2220842069

		345.692		340.1336806825		344.9767002743

		351.4698		346.2080303814		350.8431730338

		357.3576		352.4020750559		356.8208689389

		363.3554		358.7152391561		362.9091731747

		369.4632		365.1469633492		369.1074886765

		375.681		371.6967037014		375.4152352225

		382.0088		378.3639309174		381.8318485911

		388.4466		385.1481296345		388.3567797789

		394.9944		392.0487977642		394.9894942719

		401.6522		399.0654458785		401.7294713673

		408.42		406.1975966369		408.5762035391

		415.2978		413.4447842497		415.5291958461

		422.2856		420.8065539761		422.5879653773

		429.3834		428.2824616524		429.7520407316

		436.5912		435.87207325		437.0209615303

		443.909		443.5749644592		444.3942779581

		451.3368		451.3907202973		451.8715503323

		458.8746		459.3189347396		459.4523486955

		466.5224		467.3592103709		467.1362524332

		474.2802		475.5111580571		474.9228499119

		482.148		483.7743966338		482.8117381372

		490.1258		492.148552612		490.8025224306

		498.2136		500.6332598998		498.8948161236

		506.4114		509.2281595379		507.0882402678

		514.7192		517.9328994487		515.3824233596

		523.137		526.7471341987		523.7770010796

		531.6648		535.6705247718		532.271616044

		540.3026		544.7027383542		540.8659175698

		549.0504		553.8434481293		549.5595614493

		557.9082		563.0923330828		558.3522097374

		566.876		572.4490778164		567.2435305477

		575.9538		581.9133723703		576.2331978582

		585.1416		591.4849120535		585.3208913266

		594.4394		601.1633972824		594.5062961128

		603.8472		610.9485334253		603.7891027102

		613.365		620.8400306551		613.1690067843

		622.9928		630.837603807		622.6457090178

		632.7306		640.9409722431		632.2189149626

		642.5784		651.1498597222		641.8883348985

		652.5362		661.4639942755		651.6536836966

		662.604		671.8831080866		661.5146806898

		672.7818		682.4069373767		671.4710495474

		683.0696		693.0352222948		681.5225181551

		693.4674		703.7677068113		691.6688184999

		703.9752		714.6041386168		701.9096865595

		714.593		725.5442690233		712.2448621957

		725.3208		736.5878528711		722.674089052

		736.1586		747.7346484371		733.1971144551

		747.1064		758.9844173483		743.8136893202

		758.1642		770.336924497		754.5235680595

		769.332		781.7919379603		765.3265084942

		780.6098		793.3492289214		776.22227177

		791.9976		805.0085715945		787.2106222745

		803.4954		816.7697431518		798.2913275593

		815.1032		828.6325236533		809.4641582628

		826.821		840.5966959789		820.7288880376

		838.6488		852.6620457629		832.0852934785

		850.5866		864.8283613304		843.5331540549

		862.6344		877.0954336364		855.0722520434

		874.7922		889.4630562059		866.7023724646

		887.06		901.9310250772		878.4233030205

		899.4378		914.4991387461		890.2348340344

		911.9256		927.1671981119		902.1367583932

		924.5234		939.9350064259		914.1288714908

		937.2312		952.8023692404		926.210971174

		950.049		965.7690943603		938.3828576891

		962.9768		978.8349917954		950.6443336313

		976.0146		991.9998737147		962.9952038949

		989.1624		1005.2635544016		975.4352756251

		1002.4202		1018.6258502107		987.9643581715

		1015.788		1032.0865795263		1000.5822630429

		1029.2658		1045.6455627208		1013.2888038632

		1042.8536		1059.302622116		1026.0837963286

		1056.5514		1073.0575819441		1038.9670581669

		1070.3592		1086.9102683105		1051.9384090963

		1084.277		1100.8605091578		1064.9976707871

		1098.3048		1114.9081342302		1078.1446668235

		1112.4426		1129.0529750393		1091.3792226662

		1126.6904		1143.294864831		1104.7011656175

		1141.0482		1157.6336385524		1118.1103247853

		1155.516		1172.0691328212		1131.60653105

		1170.0938		1186.601185894		1145.189617031

		1184.7816		1201.2296376371		1158.8594170546

		1199.5794		1215.954329497		1172.6157671229

		1214.4872		1230.7751044724		1186.458504883

		1229.505		1245.6918070859		1200.3874695978

		1244.6328		1260.7042833579		1214.4025021166

		1259.8706		1275.8123807798		1228.503444847

		1275.2184		1291.0159482888		1242.6901417277

		1290.6762		1306.3148362426		1256.9624382019

		1306.244		1321.7088963954		1271.3201811904

		1321.9218		1337.1979818741		1285.7632190672

		1337.7096		1352.7819471551		1300.2914016338

		1353.6074		1368.4606480418		1314.9045800958

		1369.6152		1384.2339416428		1329.6026070386

		1385.733		1400.1016863498		1344.3853364049

		1401.9608		1416.0637418174		1359.2526234717

		1418.2986		1432.1199689419		1374.204324829

		1434.7464		1448.270229842		1389.2402983578

		1451.3042		1464.5143878385		1404.3604032093

		1467.972		1480.8523074358		1419.5644997847

		1484.7498		1497.2838543031		1434.8524497153

		1501.6376		1513.8088952561		1450.2241158422

		1518.6354		1530.427298239		1465.6793621985

		1535.7432		1547.1389323075		1481.2180539895

		1552.961		1563.9436676116		1496.8400575752

		1570.2888		1580.8413753788		1512.5452404522

		1587.7266		1597.831927898		1528.3334712365

		1605.2744		1614.9151985035		1544.2046196462

		1622.9322		1632.0910615594		1560.1585564851

		1640.7		1649.3593924444		1576.1951536263
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404.0690709226

0

206.1578

206.1497829919

221.947169043

0

207.6456

207.0907349875

214.3164050078

0

209.2434

207.7445028514

215.0027406258

0

210.9512

208.6006628173

215.8925738381

0

212.769

209.6477053239

216.9726483653

0

214.6968

210.877214746

218.2333486195

0

216.7346

212.2826137315

219.6672061747

0

218.8824

213.8585369082

221.2681599981

0

221.1402

215.6004744708

223.0311377743

0

223.508

217.504550684

224.9517969085

0

225.9858

219.5673772061

227.026353693

0

228.5736

221.7859511639

229.2514650076

0

231.2714

224.15758159

231.6241432027

0

234.0792

226.6798346778

234.1416929334

0

236.997

229.350491997

236.8016630701

0

240.0248

232.1675179147

239.6018092931

0

243.1626

235.1290337312

242.5400644598

0

246.4104

238.2332968201

245.6145147547

0

249.7682

241.478683575

248.823380229

0

253.236

244.8636752999

252.1649987267

0

256.8138

248.3868464087

255.6378124653

0

260.5016

252.046854463

259.2403567243

0

264.2994

255.8424316889

262.9712502279

0

268.2072

259.7723776977

266.829186904

0

272.225

263.8355531953

270.8129287724

0

276.3528

268.0308745112

274.9212997684

0

280.5906

272.357308813

279.153180346

0

284.9384

276.8138698968

283.5075027369

0

289.3962

281.3996144666

287.9832467653

0

293.964

286.1136388309

292.5794361352

0

298.6418

290.9550759561

297.2951351237

0

303.4296

295.923092829

302.1294456226

0

308.3274

301.0168880866

307.0815044837

0

313.3352

306.2356898781

312.1504811266

0

318.453

311.578753932

317.3355753766

0

323.6808

317.0453618005

322.6360155044

0

329.0186

322.6348192635

328.0510564445

0

334.4664

328.346454871

333.5799781699

0

340.0242

334.17961861

339.2220842069

0

345.692

340.1336806825

344.9767002743

0

351.4698

346.2080303814

350.8431730338

0

357.3576

352.4020750559

356.8208689389

0

363.3554

358.7152391561

362.9091731747

0

369.4632

365.1469633492

369.1074886765

0

375.681

371.6967037014

375.4152352225

0

382.0088

378.3639309174

381.8318485911

0

388.4466

385.1481296345

388.3567797789

0

394.9944

392.0487977642

394.9894942719

0

401.6522

399.0654458785

401.7294713673

0

408.42

406.1975966369

408.5762035391

0

415.2978

413.4447842497

415.5291958461

0

422.2856

420.8065539761

422.5879653773

0

429.3834

428.2824616524

429.7520407316

0

436.5912

435.87207325

437.0209615303

0

443.909

443.5749644592

444.3942779581

0

451.3368

451.3907202973

451.8715503323

0

458.8746

459.3189347396

459.4523486955

0

466.5224

467.3592103709

467.1362524332

0

474.2802

475.5111580571

474.9228499119

0

482.148

483.7743966338

482.8117381372

0

490.1258

492.148552612

490.8025224306

0

498.2136

500.6332598998

498.8948161236

0

506.4114

509.2281595379

507.0882402678

0

514.7192

517.9328994487

515.3824233596

0

523.137

526.7471341987

523.7770010796

0

531.6648

535.6705247718

532.271616044

0

540.3026

544.7027383542

540.8659175698

0

549.0504

553.8434481293

549.5595614493

0

557.9082

563.0923330828

558.3522097374

0

566.876

572.4490778164

567.2435305477

0

575.9538

581.9133723703

576.2331978582

0

585.1416

591.4849120535

585.3208913266

0

594.4394

601.1633972824

594.5062961128

0

603.8472

610.9485334253

603.7891027102

0

613.365

620.8400306551

613.1690067843

0

622.9928

630.837603807

622.6457090178

0

632.7306

640.9409722431

632.2189149626

0

642.5784

651.1498597222

641.8883348985

0

652.5362

661.4639942755

651.6536836966

0

662.604

671.8831080866

661.5146806898

0

672.7818

682.4069373767

671.4710495474

0

683.0696

693.0352222948

681.5225181551

0

693.4674

703.7677068113

691.6688184999

0

703.9752

714.6041386168

701.9096865595

0

714.593

725.5442690233

712.2448621957

0

725.3208

736.5878528711

722.674089052

0

736.1586

747.7346484371

733.1971144551

0

747.1064

758.9844173483

743.8136893202

0

758.1642

770.336924497

754.5235680595

0

769.332

781.7919379603

765.3265084942

0

780.6098

793.3492289214

776.22227177

0

791.9976

805.0085715945

787.2106222745

0

803.4954

816.7697431518

798.2913275593

0

815.1032

828.6325236533

809.4641582628

0

826.821

840.5966959789

820.7288880376

0

838.6488

852.6620457629

832.0852934785

0

850.5866

864.8283613304

843.5331540549

0

862.6344

877.0954336364

855.0722520434

0

874.7922

889.4630562059

866.7023724646

0

887.06

901.9310250772

878.4233030205

0

899.4378

914.4991387461

890.2348340344

0

911.9256

927.1671981119

902.1367583932

0

924.5234

939.9350064259

914.1288714908

0

937.2312

952.8023692404

926.210971174

0

950.049

965.7690943603

938.3828576891

0

962.9768

978.8349917954

950.6443336313

0

976.0146

991.9998737147

962.9952038949

0

989.1624

1005.2635544016

975.4352756251

0

1002.4202

1018.6258502107

987.9643581715

0

1015.788

1032.0865795263

1000.5822630429

0

1029.2658

1045.6455627208

1013.2888038632

0

1042.8536

1059.302622116

1026.0837963286

0

1056.5514

1073.0575819441

1038.9670581669

0

1070.3592

1086.9102683105

1051.9384090963

0

1084.277

1100.8605091578

1064.9976707871

0

1098.3048

1114.9081342302

1078.1446668235

0

1112.4426

1129.0529750393

1091.3792226662

0

1126.6904

1143.294864831

1104.7011656175

0

1141.0482

1157.6336385524

1118.1103247853

0

1155.516

1172.0691328212

1131.60653105

0

1170.0938

1186.601185894

1145.189617031

0

1184.7816

1201.2296376371

1158.8594170546

0

1199.5794

1215.954329497

1172.6157671229

0

1214.4872

1230.7751044724

1186.458504883

0

1229.505

1245.6918070859

1200.3874695978

0

1244.6328

1260.7042833579

1214.4025021166

0

1259.8706

1275.8123807798

1228.503444847

0

1275.2184

1291.0159482888

1242.6901417277

0

1290.6762

1306.3148362426

1256.9624382019

0

1306.244

1321.7088963954

1271.3201811904

0

1321.9218

1337.1979818741

1285.7632190672

0

1337.7096

1352.7819471551

1300.2914016338

0

1353.6074

1368.4606480418

1314.9045800958

0

1369.6152

1384.2339416428

1329.6026070386

0

1385.733

1400.1016863498

1344.3853364049

0

1401.9608

1416.0637418174

1359.2526234717

0

1418.2986

1432.1199689419

1374.204324829

0

1434.7464

1448.270229842

1389.2402983578

0

1451.3042

1464.5143878385

1404.3604032093

0

1467.972

1480.8523074358

1419.5644997847

0

1484.7498

1497.2838543031

1434.8524497153

0

1501.6376

1513.8088952561

1450.2241158422

0

1518.6354

1530.427298239

1465.6793621985

0

1535.7432

1547.1389323075

1481.2180539895

0

1552.961

1563.9436676116

1496.8400575752

0

1570.2888

1580.8413753788

1512.5452404522

0

1587.7266

1597.831927898

1528.3334712365

0

1605.2744

1614.9151985035

1544.2046196462

0

1622.9322

1632.0910615594

1560.1585564851

0

1640.7

1649.3593924444

1576.1951536263

0



Comparison

		

		Davis

		A + BV + CV²

		A		204.78		lbs

		B		1.3228		lbs/mph

		C		0.055		lbs/mph²

		Fcalc		Equation 1		Equation 2		Equation 3

		C1		917.0		910.9		0.0		N/m/s

		E1		0		-0.1		0

		V2		1		1.5		1		mph

		C2		3.310		3.546		0.000		N/m/s

		E2		1.8		1.77		0

		Velocity(mph)		Davis		Equation 1		Equation 2		Equation 3

		0		204.8		206.1		404.1		0.0

		1		206.2		206.1		221.9		0.0

		2		207.6		207.1		214.3		0.0

		3		209.2		207.7		215.0		0.0

		4		211.0		208.6		215.9		0.0

		5		212.8		209.6		217.0		0.0

		6		214.7		210.9		218.2		0.0

		7		216.7		212.3		219.7		0.0

		8		218.9		213.9		221.3		0.0

		9		221.1		215.6		223.0		0.0

		10		223.5		217.5		225.0		0.0

		11		226.0		219.6		227.0		0.0

		12		228.6		221.8		229.3		0.0

		13		231.3		224.2		231.6		0.0

		14		234.1		226.7		234.1		0.0

		15		237.0		229.4		236.8		0.0

		16		240.0		232.2		239.6		0.0

		17		243.2		235.1		242.5		0.0

		18		246.4		238.2		245.6		0.0

		19		249.8		241.5		248.8		0.0

		20		253.2		244.9		252.2		0.0

		21		256.8		248.4		255.6		0.0

		22		260.5		252.0		259.2		0.0

		23		264.3		255.8		263.0		0.0

		24		268.2		259.8		266.8		0.0

		25		272.2		263.8		270.8		0.0

		26		276.4		268.0		274.9		0.0

		27		280.6		272.4		279.2		0.0

		28		284.9		276.8		283.5		0.0

		29		289.4		281.4		288.0		0.0

		30		294.0		286.1		292.6		0.0

		31		298.6		291.0		297.3		0.0

		32		303.4		295.9		302.1		0.0

		33		308.3		301.0		307.1		0.0

		34		313.3		306.2		312.2		0.0

		35		318.5		311.6		317.3		0.0

		36		323.7		317.0		322.6		0.0

		37		329.0		322.6		328.1		0.0

		38		334.5		328.3		333.6		0.0

		39		340.0		334.2		339.2		0.0

		40		345.7		340.1		345.0		0.0

		41		351.5		346.2		350.8		0.0

		42		357.4		352.4		356.8		0.0

		43		363.4		358.7		362.9		0.0

		44		369.5		365.1		369.1		0.0

		45		375.7		371.7		375.4		0.0

		46		382.0		378.4		381.8		0.0

		47		388.4		385.1		388.4		0.0

		48		395.0		392.0		395.0		0.0

		49		401.7		399.1		401.7		0.0

		50		408.4		406.2		408.6		0.0

		51		415.3		413.4		415.5		0.0

		52		422.3		420.8		422.6		0.0

		53		429.4		428.3		429.8		0.0

		54		436.6		435.9		437.0		0.0

		55		443.9		443.6		444.4		0.0

		56		451.3		451.4		451.9		0.0

		57		458.9		459.3		459.5		0.0

		58		466.5		467.4		467.1		0.0

		59		474.3		475.5		474.9		0.0

		60		482.1		483.8		482.8		0.0

		61		490.1		492.1		490.8		0.0

		62		498.2		500.6		498.9		0.0

		63		506.4		509.2		507.1		0.0

		64		514.7		517.9		515.4		0.0

		65		523.1		526.7		523.8		0.0

		66		531.7		535.7		532.3		0.0

		67		540.3		544.7		540.9		0.0

		68		549.1		553.8		549.6		0.0

		69		557.9		563.1		558.4		0.0

		70		566.9		572.4		567.2		0.0

		71		576.0		581.9		576.2		0.0

		72		585.1		591.5		585.3		0.0

		73		594.4		601.2		594.5		0.0

		74		603.8		610.9		603.8		0.0

		75		613.4		620.8		613.2		0.0

		76		623.0		630.8		622.6		0.0

		77		632.7		640.9		632.2		0.0

		78		642.6		651.1		641.9		0.0

		79		652.5		661.5		651.7		0.0

		80		662.6		671.9		661.5		0.0

		81		672.8		682.4		671.5		0.0

		82		683.1		693.0		681.5		0.0

		83		693.5		703.8		691.7		0.0

		84		704.0		714.6		701.9		0.0

		85		714.6		725.5		712.2		0.0

		86		725.3		736.6		722.7		0.0

		87		736.2		747.7		733.2		0.0

		88		747.1		759.0		743.8		0.0

		89		758.2		770.3		754.5		0.0

		90		769.3		781.8		765.3		0.0

		91		780.6		793.3		776.2		0.0

		92		792.0		805.0		787.2		0.0

		93		803.5		816.8		798.3		0.0

		94		815.1		828.6		809.5		0.0

		95		826.8		840.6		820.7		0.0

		96		838.6		852.7		832.1		0.0

		97		850.6		864.8		843.5		0.0

		98		862.6		877.1		855.1		0.0

		99		874.8		889.5		866.7		0.0

		100		887.1		901.9		878.4		0.0

		101		899.4		914.5		890.2		0.0

		102		911.9		927.2		902.1		0.0

		103		924.5		939.9		914.1		0.0

		104		937.2		952.8		926.2		0.0

		105		950.0		965.8		938.4		0.0

		106		963.0		978.8		950.6		0.0

		107		976.0		992.0		963.0		0.0

		108		989.2		1005.3		975.4		0.0

		109		1002.4		1018.6		988.0		0.0

		110		1015.8		1032.1		1000.6		0.0

		111		1029.3		1045.6		1013.3		0.0

		112		1042.9		1059.3		1026.1		0.0

		113		1056.6		1073.1		1039.0		0.0

		114		1070.4		1086.9		1051.9		0.0

		115		1084.3		1100.9		1065.0		0.0

		116		1098.3		1114.9		1078.1		0.0

		117		1112.4		1129.1		1091.4		0.0

		118		1126.7		1143.3		1104.7		0.0

		119		1141.0		1157.6		1118.1		0.0

		120		1155.5		1172.1		1131.6		0.0

		121		1170.1		1186.6		1145.2		0.0

		122		1184.8		1201.2		1158.9		0.0

		123		1199.6		1216.0		1172.6		0.0

		124		1214.5		1230.8		1186.5		0.0

		125		1229.5		1245.7		1200.4		0.0

		126		1244.6		1260.7		1214.4		0.0

		127		1259.9		1275.8		1228.5		0.0

		128		1275.2		1291.0		1242.7		0.0

		129		1290.7		1306.3		1257.0		0.0

		130		1306.2		1321.7		1271.3		0.0

		131		1321.9		1337.2		1285.8		0.0

		132		1337.7		1352.8		1300.3		0.0

		133		1353.6		1368.5		1314.9		0.0

		134		1369.6		1384.2		1329.6		0.0

		135		1385.7		1400.1		1344.4		0.0

		136		1402.0		1416.1		1359.3		0.0

		137		1418.3		1432.1		1374.2		0.0

		138		1434.7		1448.3		1389.2		0.0

		139		1451.3		1464.5		1404.4		0.0

		140		1468.0		1480.9		1419.6		0.0

		141		1484.7		1497.3		1434.9		0.0

		142		1501.6		1513.8		1450.2		0.0

		143		1518.6		1530.4		1465.7		0.0

		144		1535.7		1547.1		1481.2		0.0

		145		1553.0		1563.9		1496.8		0.0

		146		1570.3		1580.8		1512.5		0.0

		147		1587.7		1597.8		1528.3		0.0

		148		1605.3		1614.9		1544.2		0.0

		149		1622.9		1632.1		1560.2		0.0

		150		1640.7		1649.4		1576.2		0.0
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Comparison

		

		Davis

		A + BV + CV²

		A		181		lbs

		B		2.25		lbs/mph

		C		0.045		lbs/mph²

		Fcalc		Equation 1		Equation 2		Equation 3

		C1		805.0		1079.7		0.0		N/m/s

		E1		0		-0.25		0

		V2		1		6		1		mph

		C2		3.270		6.537		0.000		N/m/s

		E2		1.8		1.602		0

		Velocity(mph)		Davis		Equation 1		Equation 2		Equation 3

		0		181.0		181.0		1327.5		0.0

		1		183.3		181.0		296.8		0.0

		2		185.7		181.9		249.6		0.0

		3		188.2		182.5		225.6		0.0

		4		190.7		183.4		209.9		0.0

		5		193.4		184.4		198.5		0.0

		6		196.1		185.6		189.7		0.0

		7		199.0		187.0		202.7		0.0

		8		201.9		188.6		204.9		0.0

		9		204.9		190.3		207.3		0.0

		10		208.0		192.2		209.8		0.0

		11		211.2		194.2		212.5		0.0

		12		214.5		196.4		215.3		0.0

		13		217.9		198.8		218.2		0.0

		14		221.3		201.3		221.4		0.0

		15		224.9		203.9		224.6		0.0

		16		228.5		206.7		228.0		0.0

		17		232.3		209.6		231.5		0.0

		18		236.1		212.7		235.1		0.0

		19		240.0		215.9		238.9		0.0

		20		244.0		219.2		242.7		0.0

		21		248.1		222.7		246.7		0.0

		22		252.3		226.3		250.8		0.0

		23		256.6		230.1		255.1		0.0

		24		260.9		233.9		259.4		0.0

		25		265.4		238.0		263.8		0.0

		26		269.9		242.1		268.4		0.0

		27		274.6		246.4		273.1		0.0

		28		279.3		250.8		277.8		0.0

		29		284.1		255.3		282.7		0.0

		30		289.0		260.0		287.7		0.0

		31		294.0		264.8		292.7		0.0

		32		299.1		269.7		297.9		0.0

		33		304.3		274.7		303.2		0.0

		34		309.5		279.8		308.6		0.0

		35		314.9		285.1		314.0		0.0

		36		320.3		290.5		319.6		0.0

		37		325.9		296.0		325.2		0.0

		38		331.5		301.7		331.0		0.0

		39		337.2		307.5		336.8		0.0

		40		343.0		313.3		342.7		0.0

		41		348.9		319.3		348.7		0.0

		42		354.9		325.5		354.9		0.0

		43		361.0		331.7		361.1		0.0

		44		367.1		338.0		367.3		0.0

		45		373.4		344.5		373.7		0.0

		46		379.7		351.1		380.2		0.0

		47		386.2		357.8		386.7		0.0

		48		392.7		364.6		393.3		0.0

		49		399.3		371.6		400.0		0.0

		50		406.0		378.6		406.8		0.0

		51		412.8		385.8		413.7		0.0

		52		419.7		393.0		420.6		0.0

		53		426.7		400.4		427.7		0.0

		54		433.7		407.9		434.8		0.0

		55		440.9		415.5		442.0		0.0

		56		448.1		423.2		449.3		0.0

		57		455.5		431.1		456.6		0.0

		58		462.9		439.0		464.0		0.0

		59		470.4		447.1		471.5		0.0

		60		478.0		455.2		479.1		0.0

		61		485.7		463.5		486.8		0.0

		62		493.5		471.9		494.5		0.0

		63		501.4		480.4		502.3		0.0

		64		509.3		489.0		510.2		0.0

		65		517.4		497.7		518.2		0.0

		66		525.5		506.5		526.2		0.0

		67		533.8		515.4		534.3		0.0

		68		542.1		524.5		542.5		0.0

		69		550.5		533.6		550.8		0.0

		70		559.0		542.8		559.1		0.0

		71		567.6		552.2		567.5		0.0

		72		576.3		561.6		576.0		0.0

		73		585.1		571.2		584.5		0.0

		74		593.9		580.9		593.1		0.0

		75		602.9		590.7		601.8		0.0

		76		611.9		600.5		610.6		0.0

		77		621.1		610.5		619.4		0.0

		78		630.3		620.6		628.3		0.0

		79		639.6		630.8		637.3		0.0

		80		649.0		641.1		646.3		0.0

		81		658.5		651.5		655.4		0.0

		82		668.1		662.0		664.6		0.0

		83		677.8		672.6		673.8		0.0

		84		687.5		683.3		683.1		0.0

		85		697.4		694.1		692.5		0.0

		86		707.3		705.0		701.9		0.0

		87		717.4		716.0		711.4		0.0

		88		727.5		727.1		721.0		0.0

		89		737.7		738.3		730.6		0.0

		90		748.0		749.7		740.3		0.0

		91		758.4		761.1		750.1		0.0

		92		768.9		772.6		759.9		0.0

		93		779.5		784.2		769.8		0.0

		94		790.1		795.9		779.7		0.0

		95		800.9		807.8		789.8		0.0

		96		811.7		819.7		799.9		0.0

		97		822.7		831.7		810.0		0.0

		98		833.7		843.8		820.2		0.0

		99		844.8		856.0		830.5		0.0

		100		856.0		868.3		840.8		0.0

		101		867.3		880.8		851.2		0.0

		102		878.7		893.3		861.7		0.0

		103		890.2		905.9		872.2		0.0

		104		901.7		918.6		882.8		0.0

		105		913.4		931.4		893.4		0.0

		106		925.1		944.3		904.1		0.0

		107		937.0		957.3		914.9		0.0

		108		948.9		970.4		925.7		0.0

		109		960.9		983.6		936.6		0.0

		110		973.0		996.9		947.6		0.0

		111		985.2		1010.3		958.6		0.0

		112		997.5		1023.8		969.7		0.0

		113		1009.9		1037.4		980.8		0.0

		114		1022.3		1051.1		992.0		0.0

		115		1034.9		1064.9		1003.2		0.0

		116		1047.5		1078.7		1014.5		0.0

		117		1060.3		1092.7		1025.9		0.0

		118		1073.1		1106.8		1037.3		0.0

		119		1086.0		1121.0		1048.8		0.0

		120		1099.0		1135.2		1060.4		0.0

		121		1112.1		1149.6		1072.0		0.0

		122		1125.3		1164.0		1083.6		0.0

		123		1138.6		1178.6		1095.3		0.0

		124		1151.9		1193.2		1107.1		0.0

		125		1165.4		1208.0		1118.9		0.0

		126		1178.9		1222.8		1130.8		0.0

		127		1192.6		1237.7		1142.8		0.0

		128		1206.3		1252.7		1154.8		0.0

		129		1220.1		1267.8		1166.8		0.0

		130		1234.0		1283.0		1178.9		0.0

		131		1248.0		1298.4		1191.1		0.0

		132		1262.1		1313.7		1203.3		0.0

		133		1276.3		1329.2		1215.6		0.0

		134		1290.5		1344.8		1228.0		0.0

		135		1304.9		1360.5		1240.4		0.0

		136		1319.3		1376.3		1252.8		0.0

		137		1333.9		1392.1		1265.3		0.0

		138		1348.5		1408.1		1277.9		0.0

		139		1363.2		1424.1		1290.5		0.0

		140		1378.0		1440.3		1303.2		0.0

		141		1392.9		1456.5		1315.9		0.0

		142		1407.9		1472.8		1328.7		0.0

		143		1423.0		1489.2		1341.5		0.0

		144		1438.1		1505.8		1354.4		0.0

		145		1453.4		1522.4		1367.3		0.0

		146		1468.7		1539.1		1380.3		0.0

		147		1484.2		1555.8		1393.4		0.0

		148		1499.7		1572.7		1406.5		0.0

		149		1515.3		1589.7		1419.6		0.0

		150		1531.0		1606.7		1432.8		0.0
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