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Copyright Notice





This manual and other accompanying written and disk-based documentation, and all referenced and related program files accompanying this document, are copyrighted 2000 by Performance Simulations.





No part of this manual may be reproduced, transmitted, transcribed, stored in a retrieval system, or translated into any language (natural or computer), in any form or by any means.








Straightline Acceleration Simulator User's Manual v1.00 Copyright © 2000 by J.Todd Wasson and Performance Simulations. All rights reserved.





Contact Information





For orders or technical help, email Support@PerformanceSimulations.Com





Straightline Acceleration Simultator Disclaimer





USE OF THE STRAIGHTLINE ACCELERATION SIMULATOR DEMO SIGNIFIES AGREEMENT BY THE USER TO ALL THE TERMS AND CONDITIONS OF THIS DISCLAIMER.  USERS OF STRAIGHTLINE ACCELERATION SIMULATOR  MUST ACCEPT THIS DISCLAIMER OF WARRANTY: PERFORMANCE SIMULATIONS MAKES NO WARRANTY OF ANY KIND, EXPRESSED OR IMPLIED, INCLUDING WITHOUT LIMITATION, ANY WARRANTIES OF MERCHANTABILITY AND/OR FITNESS FOR A PARTICULAR PURPOSE.  PERFORMANCE SIMULATIONS ASSUMES NO LIABILITY FOR DAMAGES, DIRECT OR CONSEQUENTIAL, WHICH MAY RESULT FROM THE USE OF STRAIGHTLINE ACCELERATION SIMULATOR.





Information in this manual is subject to change without notice.





Performance Simulations may make improvements and/or changes in this manual and/or in the Straightline Acceleration Simulator Demo (the computer program) at any time without obligation of any kind to the licensee.





Trademarks





QuickEngine Builder is a trademark of Performance Simulations.





A brief history





	Straightline Acceleration Simulator was originally intended solely as a tool to predict quarter mile and 0 to 60 mph performance.  However, while developing and coding the physics model, it was discovered that all sorts of other things could easily be predicted as well.  The top speed of a car or motorcycle could be found by simply allowing the calculations to continue until the vehicle ceased accelerating.  The initial speed of a vehicle could be set just as easily as any other parameter.  The quarter mile distance didn't have to be just a quarter mile, it could be any distance if the staging rollout distance was ignored.  Basically, any vehicle accelerating in a straight line could be modeled, and it didn't have to be just for a typical quarter mile run.  Hence the name, Straightline Acceleration Simulator.  














Straightline Acceleration Simulator System requirements





Minimum requirements





To run Straightline Acceleration Simulator requires a computer running Windows 95/98/NT/2000.  A VGA/SVGA display at 800x600 resolution or higher set to small fonts is needed.  You will also need 800 KB of free hard disk space for installing the program.








Using Straightline Acceleration Simulator





	Straightline Acceleration Simulator is a tool designed to assist in optimizing your vehicle for drag racing or top speed performance.  You can enter data from a dyno sheet for either a chassis or engine test, along with a multitude of other factors that effect performance.  A database of approximately 80 transmissions' gear ratios is provided in a convenient pull-down menu system, along with a small sampling of full vehicle setups, engines, and chassis.  


	Along with providing quarter and eighth mile Elapsed Time (ET) and speed 


prediction, Straightline can also be used to generate a listing of time to speed or time to distance information (such as 0-60 mile per hour times, or 500 foot times).  These tests can be run starting with any gear or speed, and in different environmental conditions as well.  


	





Menu and file system





	Straightline Acceleration Simulator allows you not only to save and load vehicles, dyno curves, full vehicle setups, and transmissions, but lets you put them in menus in the program as well.  There are 6 areas in which information can be saved and loaded:  


	Vehicle/Body-  Entries saved and loaded here will contain the weight, aerodynamic data, wheelbase, center of gravity height, and static rear wheel weight distribution.  This is not for saving entire vehicles, but just the body/chassis, as well as a starting weight.  This allows you to quickly transport your engine, transmission, and other parts combination into a different type of vehicle.  When saving, provide a filename and a description.  These files are stored in the Vehicle folder.


	 Transmission-  Entries saved here will record up to eight gear ratios, torque converter information, stall speed, as well as torque lost to friction data.  It does not save or load the mechanical efficiency values along with the transmission, as these values will change when the engine power curve changes.  For a more complete discussion of mechanical efficiency, and how it changes with engine power, see "Torque lost to friction" in the Transmission section of this manual.  When saving, provide a filename, a description, and choose which menu the transmission will be placed in, if you elect to have it included in one.  When loading, the "Torque lost to friction" values will be updated unless the "Don't change torque losses when loading" box is checked.  These files are stored in the Trans folder.


	Manual Dyno and Manual Dyno 2-  Entries saved and loaded here will contain all the information shown in the Manual Dyno or Manual Dyno 2 window, including the environmental conditions.  Manual Dyno engine files are stored in the Mdyno folder, while Manual Dyno 2 files are stored in the Mdyno2 folder.


	QuickEngine Builder-  All information in this window is recorded with the exception of temperature, barometric pressure, relative humidity, and elevation.  Because of the methods QuickEngine Builder uses, this data is not necessary to record.  QuickEngine Builder files are stored in the Engine folder.


	Full Vehicle Setup-  When saving or loading a "Full Vehicle Setup" from the main screen, all information about the vehicle is saved or loaded, including all transmission gear ratios and other information (except "Dyno to wheels eff(%)" , or mechanical efficiency), differential ratio, tire size, growth, and grip, all vehicle/chassis data, the information in Manual Dyno, Manual Dyno 2, and QuickEngine Builder, as well as polar moment of inertia information.  The test type information is not saved.  Full vehicle setup files are saved in the Setups folder.





	To save data for any of the above categories, click "File" in the window you want to save information in.  For example, to save a dyno curve in Manual Dyno, click on Manual Dyno, enter your dyno information, then click "File" in the Manual Dyno window.  A window will appear showing the descriptions of all other Manual Dynos in the folder.  Enter a filename and a description (that will be shown in the menu, as well as in the file window), and click "Save".  All categories work the same way except for transmissions.  When saving a transmission you also need to choose a menu for the transmission to be stored in.  Click the combo box and select a menu.  


	All files, except for full vehicle setup files, can be placed directly into menus.  When saving a file, check the "Show in menu now" box to have the item immediately put in a menu upon saving. (A vehicle/body will be placed in the Vehicle/Body "Vehicles" menu, a Manual Dyno power curve will be placed in the Manual Dyno "Engines"  menu, etc..)  





Automatic menu loading





	Straightline Acceleration Simulator will also allow these files, except for full vehicle setup files, to be automatically loaded into a menu every time you start the program.  When saving a file, check the "Automatically load at program start" box before saving to mark the file this way.  


	What if you want to change this automatic loading status for a file?  First, load the file you want to change (via the appropriate "Files" menu), then click "save" to open the file saving window.  Then, check or un-check the "Automatically load at program start" to your liking, then re-save the file with the "Show in menu now" box unchecked.    


	If you forget to uncheck the "Show in menu now" box, the item you saved will be shown in the menu again.  If you see your saved items showing up in a menu two or three times, this is why.  When the program is restarted, if you chose to have the item "Automatically load at program start", the item will just show up in the menu one time.


	


Important note on the file structure!


	Do not change the folder names inside of your Straightline Acceleration Simulator main folder!  The folders that are created by the program and whose names must NOT be changed are:  Engine, Mdyno, Mdyno2, Setups, Trans, and Vehicle.  Straightline Acceleration Simulator looks for these folders and scans them to find any automatically loading menu items that you created, or came with this program, when it starts.  If you change these folder names, the program will not find any of your dyno curves, transmissions, etc..  You can, however, create additional folders/directories in your main Straightline Acceleration Simulator folder for whatever you need without effecting the program's operation.


	


Placing files in the proper folders





	When importing files from an outside source, be sure to place the files in the correct directories listed above.  For example, place any imported Transmission files in the Trans folder, or they will not appear when you want to load them.  All files are tagged when created so that Straightline Acceleration Simulator knows what type of files they are (transmission files, vehicle files, etc..) when it scans the folders, but it does not move your files around.  It will merely ignore any files that are not in the correct folder.  Be sure no other types of files are placed in these folders as well, such as text files, other .EXE files, etc..  


	When unzipping or decompressing a vehicle file library, for example, unzip the files TO the Vehicle directory.  If the main ZIP or other type of file is in that directory after unzipping, move it or delete it!  Otherwise, some interesting symbols and writing may show up when you want to load a vehicle or other item.  








Vehicle/Body 





Weight  - Weight of the vehicle.  This must include the driver and all fluids.  





Drag coefficient -  This is basically how slippery a vehicle is when moving through air.  Most older muscle cars range in the .4 - .5 range, with .42 being a typical estimate.  Most of the  newer sleek sportscars have values in the mid to high .3 range.  This value is  multiplied by  the frontal area of the vehicle to determine drag.  





Frontal area - This is the total area the vehicle covers when viewing it from the front, in square feet. This value is multiplied by drag coefficient when calculating the effects of wind resistance.  Many cars show a value in the 20-25 square foot range.  When fine tuning frontal area and drag coefficient to match a real-life top speed, it is adequate to approximate either frontal area or drag coefficient, then experiment to find the other value.  





Wheelbase -  The distance from the center of the front axle/wheel to the center of the rear axle/wheel in inches.  





Center of gravity height - The height of the center of gravity above the ground in inches.  This typically is in the range of  20-25 inches for cars, while being higher for motorcycles.  This is used along with wheelbase to determine weight transfer and traction, as well as determining if the front wheel or wheels have lifted from the ground.			





Static rear weight distribution -  The percentage of the vehicle's weight resting on the rear tire(s) when the vehicle is at rest.  








Transmission


	


Ratio-  The first column of numbers marked "ratio" are the gear ratios for each gear.  Up to eight gears can be placed.   Values in tooth count formats, such as 25/50, must be divided to get a single ratio.





Start Rpm-  The second column of numbers indicate the rpm the engine will arrive at when changing gears.  The first value shown is for 2nd gear, hence, shifting out of 1st gear at the rpm point specified will result in landing in 2nd gear at this rpm.  These values will change automatically whenever shift points or transmission gear ratios are adjusted.  When using a torque converter, the engine speed during the tests will not dip below the torque converter stall speed, regardless of the start rpm values shown.





Shift Rpm-  This is the engine speed shifting will begin for each gear.





Dyno to wheels efficiency-  The most accurate method for using this software is to input driving wheel torque/power data directly.  Commonly referred to as "rear (or) front wheel horsepower", this eliminates the need to estimate drivetrain power losses.  If you are using driving wheel power numbers, fill this column with 100's, indicating 100% mechanical efficiency from your "hard copy" dyno curve  to the wheels (no power lost from what the dyno figures showed.)  You could also enter a value higher than 100 to effectively boost the entire torque curve upwards (or downwards) by a given percentage.  Entering 110% instead of 100% for example, will effectively raise the entire power curve 10% during the test run.  This efficiency must be set individually for each gear.


	When using flywheel torque/power data, some power will be lost due to friction in the drivetrain.  This varies from vehicle to vehicle, and the efficiency actually changes from engine to engine.  Unfortunately, this is somewhat of a fuzzy area when it comes to prediction.  Many supposed "rules of thumb" work very well with some vehicles, and poorly with others.  Automatic transmissions generally rob more power from engines than manual transmissions do.  Automatics typically range in the 70-80% mechanical efficiency area, while manuals usually are in the 75-88% range.  One common estimation that works well in many cases is to assume 75% for automatic and 82% for manual transmissions.  This is not going to be right for every engine/transmission/differential combination, but can serve as a good starting point until you can supply more accurate data.   


	Generally speaking, the more power the engine produces with a given transmission/differential setup, the higher the mechanical efficiency will be.  A 500-600+ horsepower vehicle with a manual transmission may deliver as much as 87-89% of the engine's power to the wheels.  Also, smaller, more fragile transmissions usually require less power to turn, and will therefore show a somewhat high mechanical efficiency.    


	You can use either the "Dyno to wheels eff.(%)" column or the "Torque lost to friction" column described below to estimate driveline power losses if you do not have a dyno sheet for the driving wheels.  To use data from this column, click the option button marked "Efficiency" at the bottom of the transmission window.  





Torque lost to friction-  This column of values can be used in place of "Dyno to wheels efficiency".  This input is supplied as an alternative to estimating or measuring driveline mechanical efficiency.  "Torque lost to friction" is the amount of torque required to turn the transmission, driveshaft, differential, and wheels at a constant speed  (rpm), not including wind resistance or rolling resistance (i.e., vehicle on jackstands or blocks).  In reality, the amount of torque lost to friction increases with transmission rpm, so you'll need a value that represents an average throughout the operating speed of the engine.  


	The problem the "Torque lost to friction" input attempts to minimize is this:  	Suppose a given transmission/differential combination requires 50 lbs-feet of torque to spin at 5000 rpm.  By attaching an engine that produces 500 lbs-ft of torque at 5000 rpm, only 450 lbs-feet of torque will actually make it to the rear/front/driving wheels (500-50=450).  This means only 90% of the torque reaches the driving wheels, so the mechanical efficiency is 90%.  You could enter 90% in the "Dyno to wheels efficiency" column and get accurate results.  Now suppose we attach an engine that produces twice as much torque (1000 lbs-ft) at the same (5000) rpm.  If we assume the mechanical efficiency is still 90%, that would mean the transmission now takes 100 lbs-feet of torque to spin at 5000 rpm, instead of the previous 50 lbs-feet.   If we assume the mechanical efficiency is set this way, the transmission suddenly gets twice as hard to turn!  This is one reason why it is difficult to pin down a set mechanical efficiency value for a specific transmission/differential combination, and why driveline mechanical efficiency changes when engine power changes.


	This method of assuming the mechanical efficiency is set to some constant value would also mean that the torque required to turn the drivetrain merely follows the torque curve of the engine up and down throughout the rpm range.  In reality, the torque required to turn the drivetrain increases with engine speed, instead of falling off at high rpm along with the engine torque curve.  


	Instead, by finding the "Torque lost to friction" at some average engine speed, this number can be subtracted directly from the engine's torque curve while the test run is being made.  If an accurate estimation can be made of this, the "Torque lost to friction" can be left untouched, and power levels can be changed without having to re-estimate driveline mechanical efficiency.   Results when comparing both this and the "Dyno to wheels efficiency" method are nearly identical in most cases, so this method has been included with the program as well.


	I don't have the resources at this time to run chassis dyno tests for 70-80 vehicles with all of the transmissions shown in the menu, or to test the transmissions themselves for the real "Torque lost to friction" curves, but when comparing real flywheel dyno, chassis dyno, and timeslip data, this approach frequently gets more accurate numbers than just "assuming 15-25% drivetrain loss".  A few manual transmissions gave results within .05 second or better on 1/4 mile ET when using torque losses in the 72-75 lbs-feet range,  including a Mustang Cobra SVT, as well as the Lingenfelter 650 C-5 Corvette.  Both the C4 and Powerglide 1.76 low gear automatic transmissions have tested well in this program using 75 lbs-feet loss as well.


	As a result of this, the transmissions shown in the menus will default to 75 lbs-feet of torque loss for both automatic and manual transmissions, even though some automatic transmissions may have a value closer to 90 or perhaps 100.  The most accurate method will still be to use rear/driving wheel dyno data, but this parameter will, in most cases, allow for closer prediction than merely guessing at mechanical efficiency.  If the "Torque loss to friction" value for one particular transmission can be closely approximated, it can be saved and used to test different vehicle setups without guessing at mechanical efficiency.  


	Please note that the transmissions in the menus do not all really share the "Torque lost to friction" values the program shows.  They are just estimates.  The purpose of including the database of transmissions is to supply you with the gear ratios of common transmissions, not to make any estimation of efficiency or torque loss information.  However, 75 lbs-feet of torque loss can serve as a good starting point.  You are, however, free to trade updated transmission files with anyone you choose, so if there is more accurate torque loss data somewhere, by all means, use it instead of what came with the program.  


	Also, it is important to note, that in some manufacturer's torque and power listings,the data is measured AFTER the transmission, but BEFORE the differential.  If this is the case, only include the torque required to turn the driveshaft at high speed through its bearings, along with the differential and wheels (leaving out the transmission's loss).  This should only be a fraction of the drivetrain's normal torque loss.  A safe guess may be 5-10% of the total normal driveline loss.


	If you are using rear/driving wheel power numbers directly, fill the column with 0's, to indicate no torque-loss.  To use data from this column instead of the "Dyno to wheels efficiency(%)" column, click the option button marked  "Torque" at the bottom of the transmission window.  


	


Clutch-  Use this to specify a clutch/manual transmission setup.  Shifting will be made with the throttle closed.  





Converter-  Use this to specify an automatic transmission   This will allow the torque multiplication curve for the torque converter to be used, as well as enable full power shifting.  





Slip/Stall rpm-  If an automatic transmission is selected, this will read "Stall rpm."  When enabling a line-lock or pressing the brake pedal along with the gas pedal, this is the rpm the engine climbs to under full throttle (with no wheelspin).  For optimum launching acceleration, this value should be set at or slightly above the torque peak in most cases, unless traction is a problem.  If a manual/clutch transmission is selected, this will read "Slip rpm".  The program assumes that the amount of clutch pressure provided is just enough to hold the engine speed at the slip rpm you specify while under full power.  With real-life vehicles, it may be possible to slightly beat the predicted times given for manual transmissions by dumping the clutch from a higher rpm than the torque peak.  This causes much of the rotational inertia from the engine to be transferred through the drivetrain (as torque)  in addition to the torque the engine produces, even if only for a very brief period. 





Torque converter slippage(%)- This is the percentage of slippage in the torque converter.  A value of 1% here means, if the transmission input shaft is turning 5000 rpm, the engine will slip 1%, and be running 5050 rpm.  Generally speaking, the looser (higher stall) the torque converter, the higher the slippage will be.  Real life values typically range from 1-6%, with extremely high rpm stall converters reaching upwards of  9 or 10%.  To simulate a lockup torque converter, slippage should be set 


to 0.  





Torque multiplication factor-  Torque converters multiply the engine torque at low speeds.  This value is the amount of torque multiplication when the wheels are stopped and the engine is turning at the specified stall speed (rpm).    Typical stock torque converters range at or below 1.9, while some high-stall performance converters multiply torque by 2.0-2.3 times.  As the transmission speeds up, the ratio of engine speed to transmission speed decreases and the torque multiplication effect drops , eventually to one (no torque multiplication).  





Shift time-  The time it takes to change gears.  Typical manual shifting takes about .4 seconds, with highly skilled drivers shifting closer to .2 seconds.  Automatics are commonly said to take .3-.4 seconds to fully shift.  Manual power shifting is not directly simulated, although may be approximated by shortening shift times slightly.  When using an automatic/converter setup, the model WILL transfer reactive torque from the decelerating engine to the transmission.  This can be observed in the results graph as small bumps or spikes in the acceleration curve after the shift points.  





Don't change torque losses when loading-  Normally, when selecting a transmission from the menu or loading one from the files box, the "Torque lost to friction" values will be loaded along with it.  However, if you are using rear/driving wheel power numbers and don't want to re-enter this data every time you experiment with a different transmission, you can check this box to leave the torque loss numbers untouched.  





Use torque losses from:  Torque- Click this box to use the data from the "Torque lost to friction" column, or click Efficiency- if you prefer to use mechanical efficiency values.  





	When using driving wheel torque/power data, i.e., from a chassis dyno sheet, enter 0's in the "Torque lost to friction" column or 100's in the "Dyno to wheels efficiency" column.  








Differential





Gear ratio-  The differential gear ratio.  Straightline Acceleration Simulator assumes all driving wheels receive the same torque.  A posi/sure-grip/limited-slip/spool differential setup is most closely simulated.  An open differential will be simulated acceptably as long as one wheel doesn't have a tendency to go up in smoke at the starting line.   A listbox of common ratios is provided.  You may also enter any value in the "Gear ratio" box itself.





Driving tires





Tire grip coefficient-  This is the friction coefficient between the driving tire(s) and the road surface.  A value of 1 would indicate that if 100% of the vehicle's weight was on the driving tire(s), the vehicle could accelerate at 1g  (about 32 feet per second per second or 21.92 miles per hour per second).  A vehicle accelerating at 1 g would reach 60 miles per hour in slightly less than 3 seconds.  If only 50% of the weight was on the same tire(s) shown above, the vehicle could accelerate at only .5g.  Thus, the static rear weight distribution and weight transfer is crucial in determining traction.  The tire grip/friction coefficient is dependent not only on the tire, but also the road or track surface.  Typical values for good street tires on good asphalt range around .8-.85, with very wide street tires sometimes exceeding .9-.95.  Some oval track race tires can hold 1.2 g.  An 8" slick rates roughly around 1.5, while a wider and taller 10" slick may be as high as 2.4-2.5.  Top fuel dragster and funnycar tires rate at about 4.  In real world applications, this value can be tinkered with to match actual 60 foot times at the drag strip if the real tires are at their traction limit during that part of the run.  





Tire diameter-  The height of the tire when at rest.  One way to measure this is to carefully find the distance from the center of the hub to the ground and double it, since the weight of the car will deform the tire slightly.  What is important in the calculations is actually the radius of the tire, so find that and double it to get the diameter.





Tire specifications-  This is the standard 225/70R15 type of input.  This area is optional, and is only used to calculate the diameter of a tire you may be considering.  Type in the tire dimensions, then click "Calculate tire diameter".  The diameter will be inserted in the "Tire diameter" box.  This is the "perfect" diameter of the tire, not the actual diameter when the vehicle's weight is added, so it will be necessary to reduce the diameter by up to an inch.





Coefficient of rolling resistance-  This value is what determines how quickly a tire will slow down by itself when weighed down, with no transmission or other drivetrain forces interfering.  This value typically ranges from .012-.015, and even doubling or tripling this has a negligable effect on 1/4 mile times or top speed.  One common method of calculating the coefficient of rolling resistance is by means of a "coast-down test", where the time it takes a vehicle to slow down a certain amount with no braking or power is used with vehicle weight to calculate the coefficient of rolling resistance.  The coefficient of rolling resistance as used in this program can not be determined this way.  Even with the engine in neutral, the drivetrain and other bearing forces are acting in addition to the tire's rolling resistance, and greatly increase the predicted value.  This value as used in this program is ONLY for the rolling resistance of the tires, not the added effects of the entire drivetrain, as the effects of the drivetrain are already included with mechanical efficiency or "Torque lost to friction".  As a result, the value used here may be on the order of 1/10th of what's typically quoted in other sources.  





Tire growth-  The amount of tire growth, expressed as a percentage, at any given speed.  This is the percentage that the diameter (height) of the tire changes.  For the best accuracy, growth at a high speed value should be used.  Straightline Acceleration Simulator will use this value dynamically to alter the tire size during the run.  A tire that grows 1% at 100 mph, will normally grow 4% at 200mph.





Drive type





	Specify front, rear, or all-wheel drive here.  Combining extreme grip tires with high power on a front-wheel drive setup may cause unpredictable results.





Inertia





Wheels and drivetrain-  The polar moment of inertia of the wheels, transmission, differential, and axle combined, expressed in pounds-feet squared.  





Engine- The polar moment of inertia of the engine.  This is where you can see the effects of lightened engine parts on acceleration.  





Race Environment





	These are the conditions the test run is to be made at.  Torque and power curves will be corrected to these conditions and wind resistance will be calculated from these parameters as well.





Temperature-  Temperature in degrees Fahrenheit the test run is made at.  (Track temperature)  





Barometer-  Barometric pressure in inches of mercury (InHG).  The best way to accomodate for elevation is to use the true barometric pressure at the track.  When using true barometric pressure (the actual pressure at the track, not corrected for altitude), enter 0 feet for elevation.  If you wish to enter an elevation, this value will represent the barometric pressure as if the measuring device was at sea level.  Most reporting stations will report barometric pressure in this fashion.  If a weather station is reporting 29.92 inches Hg air pressure, the actual true barometric pressure will be different than this unless the station is at sea level.  In this situation, place 29.92 in the box, then place the elevation above (or below) sea level in the elevation box.  The program will adjust the air pressure according to the Standard Atmosphere Tables.  This final air pressure reading will be used in wind resistance calculations and in correcting torque and power data.





Rel. Humidity- Relative humidity.  Expressed as a percentage.  The performance effects of changes in relative humidity are more pronounced at high temperatures.  





Elevation- Elevation in feet above sea level.  Values from -2000 (below sea level) to 15,000 feet above sea level will be recognized.  Air pressure will be adjusted according to the Standard Atmosphere Tables.  Any value between -2000 and 15,000 may be entered, however, the tables are stored in 100 foot increments, so testing at 20 feet, then 60 feet, will yield identical test results.  If you are using true barometric pressure (taking a barometer to the track with you), the elevation must be entered as 0 so the program does not correct your pressure reading.








Testing options





Rollout-  This is the distance the vehicle moves before braking the starting beams at a quarter or eighth mile track.  Rollout is only used when testing for Standard 1/8 mile or Standard 1/4 mile. 





Standard 1/8 mile-  Standard eight mile run with rollout staging distance included.





Standard 1/4 mile- Standard quarter mile run with rollout staging distance included.





Time to speed test-  This test is for determining the time it takes to accelerate between two speeds.  Enter a starting speed, an ending speed, and select a gear to start in.  The rpm at the starting speed will be updated whenever it or the starting gear is changed.  Tire growth is accounted for in this rpm calculation.  This is also useful for finding what rpm the engine will be turning at any given speed or gear.  For example, if you wanted to know how a differential gear change would affect your 55 mile per hour cruising rpm , you could enter 55 in the starting speed box, then select your top gear in the starting gear box.  The corresponding rpm will be shown, with tire growth included.  Transmission slippage, however, will not be included in this calculation.  The lowest value the starting rpm will show is the "stall/slip speed" specified in the "Transmission" screen.





Time to distance test-  This test is for determining the time it takes to accelerate through a given distance, measured in feet.  Using huge distances will greatly increase computing time, so try to keep a limit of maybe 5 miles at the most.  The starting speed can be set to 0 or any other value.  Select a gear to begin the test run in.  As with the time to speed test, the rpm at the starting speed will be updated whenever the starting speed or gear is changed.  Tire growth is accounted for in this calculation as well.  Transmission slippage, however, will not be included in the "starting rpm" calculation, and will not display a number lower than the "stall/slip speed" specified in the "Transmission" screen.  This test is especially useful for long top speed tracks.  By adding the acceleration zone distance to the timing zone distance, the program will output a more realistic top speed  than the top speed test will, since these test tracks are not infinately long and many land speed vehicles never actually reach their top speed at the track.  





Top speed test-  This test will accelerate the vehicle from rest in the lowest gear until it reaches its top speed.  The time step is altered for this test to allow the calculations to finish rapidly.  In the results section, several time to speed results (0-30 mph, 0-40 mph, etc..) will also be shown, although they will only be displayed to the nearest 1/10th of a second, instead of the usual 1/100th.  





Show times every-  After a test run is made by clicking the "Go" button, the results window is shown.  The small listbox in the top right area of the window shows time to speed information (0-10 mph, 0-20 mph, 0-30 mph times, etc.).  The "Show times every" box value controls what speed intervals will be displayed.  By setting the value to 30, for example, the time to speed information will show 0-30 mph time, 0-60 mph time, 0-90 mph, etc., up to the point the vehicle ends the test.  If a test was started at 50 miles per hour, with the "show times every" box set to 30 as before, the time to speed box will show 50-80 mph time, 50-110 mph time, 50-140 mph time, etc..  During a top speed test, the main results listbox will show the same information as well, in addition to distance traveled, acceleration, weight distribution, etc..  Since the top speed test is made with a time interval of 1/100th second instead of the normal 1/1000th second, some of the speeds may be rounded up by .1 second.  For instance, one speed may read 30.1 mph instead of 30.0 mph.  This is caused by quick changes in speed over a period of 1/100th of a second, sometimes combined with a rounding operation in the display box.








QuickEngine Builder





	This early experimental version of QuickEngine Builder allows you to quickly develop a power curve for an engine you may have in mind.  Several example engines are included in the menu.  It is fun to play with, and the curves generated can be used for vehicle testing, but it is not complex or accurate enough to be used in the actual design or modification of real engines.  See "Technical notes regarding QuickEngine Builder" in this manual for details.


        


Bore-  The diameter of each piston in inches.





Stroke-  The distance a piston travels from the top to the bottom of its cylinder in inches.





Connecting rod length-  The length of the connecting rod from the piston pin to the crankshaft in inches.





Compression ratio-  The ratio of the volume over the piston when the piston is at bottom dead center, to the volume at top dead center.  This model uses a simple empirical formula to calculate torque and power.  It does not utilize a combustion model, nor does it calculate thermodynamic states.  Basically, the program doesn't know that a real engine can knock or detonate with high compression.  There is no watchdog here for compression ratio, so feel free to use extreme compression to quickly get torque/power curves that fit top fuel or other high powered engines.  Also, note that changing the compression ratio in this program results in  larger changes in torque and power than a real engine would really produce.  





Intake runner diameter-  The diameter of the inside of the intake runner.  





Intake runner length-  The length of the intake runner, from the intake plenum to the valve, including the intake head port length.





Intake valve close (DEG ABC)-  The number of degrees the crankshaft is turned past bottom dead center when the intake valve closes.  This simple model assumes the intake valve fully opens instantly, and closes instantly as well.  That's not a very realistic approach, so keep this number on the very conservative side.  Realistic torque curves for many engines can be generated by using 10 degrees as an initial value for mild stock engines, while 40 degrees will produce results more typical of wilder street/strip and racing engines that have actual closing points in the 70+degree area.  To get quick results, the calculations are made at every 2 degrees of crankshaft rotation, so entering 10 or 11 for this will yield identical torque/power results, while entering 12 will change the curve. 





Minimum test rpm-  The calculations will begin at this rpm.  To generate an engine that runs in the 800-6000 rpm range, enter 800 for this value.





Maximum test rpm-  The upper end rpm of the test.  For the previous example, enter 6000 for this value.





Number of cylinders-  Number of cylinders in the engine.





Engine test conditions-  Temperature (in degrees Fahrenheit), barometric pressure, relative humidity, and elevation can be entered here.  QuickEngine Builder uses correction factors to change the torque and power output to match these conditions, but does not vary the volumetric efficiency.  When the altitude is changed, the barometric pressure you specify is changed during the calculations according to the Standard Atmosphere Tables.  Setting the barometric pressure to 29.921 inHg at 1000 feet altitude, with 0% relative humidity will output the same results as setting barometric pressure to 28.856 inHg at 0 feet altitude with 0% relative humidity.  








.  





Manual Dyno





	If you have a dyno sheet with torque and/or horsepower in 500 rpm increments, this is the easiest tool to use for entering an engine curve into the program.  Click on any torque/power box in the window, enter a value, then "Tab" through the remainder of the boxes until finished.  It is only necessary to enter either torque OR horsepower, as the other data will be calculated automatically.  For the most accurate results, use information from a chassis or similar dyno test with front/rear wheel power information.  


	If your information is from a flywheel type test, it will be necessary to estimate driveline losses.  The most common technique is to assume a certain percentage of power reaches the driving wheels.  To specify this, click the "Transmission" button, then click on "Efficiency" to light up the "Dyno to wheels Eff.(%)" column.  Enter the percentage of torque/power that reaches the driving wheels in each individual gear.  When using front/rear wheel power numbers directly, the percentage of power from your dyno sheet reaching the wheels will be 100.  See the Transmission section of this manual for more complete information on driveline efficiency and torque loss.


	After entering the torque/horsepower and rpm information, specify the temperature, barometric pressure, relative humidity, and elevation the dyno data was either measured at or corrected to.  Straightline uses this information to correct the curve to the track environmental data in the "Race Environment".  If you wish to test the vehicle at a different temperature, change the temperature in the "Race Environment", not the temperature in "Manual Dyno".  








Manual Dyno 2





	This tool enables more precise input for torque/power curves than Manual dyno allows.  To enter dyno information, click in the "Rpm" box, and type an engine speed (Rpm).  Then "Tab" or click in the torque box and enter the torque for that rpm.  At the bottom of the window, click "Add".  The rpm, torque, and horsepower will be displayed in the main listbox.  Then "Tab" three times or click in the rpm box again, and enter data for the next value, etc..  To change a listing you have entered, double click it in the main listbox.  Then change the values for torque or power, then "Add" them back into the box.  To remove a listing, click on it in the main listbox, then click "Remove".  Finally, "Clear" will clear all data.


	The strong point of Manual Dyno 2 is the ability to input information in smaller rpm increments than Manual Dyno allows.  If you want the simulation to follow every bump and dip in your torque curve,  enter data for every 50 or 100 rpm.  If you have data in unusual rpm increments, for example, 1000,1500,2200,2300,2900,3500 rpm, etc., where the data is shown in changing rpm step sizes, Manual Dyno 2 is the best tool to use.


	Both Manual Dyno and Manual Dyno 2 work the same way.  They basically take your torque and rpm values, plot the points on a graph, then connect the dots with thousands of torque points for every rpm in between.  (This is what's happening when Straightline Acceleration Simulator is "Extrapolating dyno information.")  Horsepower is then calculated for every point along the way, resulting in tiny curves in horsepower between the rpm points you originally entered.  The variations are negligable as long as the rpm step sizes are kept small, around 500 rpm or lower.  However, merely deciding to see what 100 hp will do by entering 1000 rpm - 100 hp, then 8000 rpm - 100 hp, will give unexpected results!  The horsepower curve generated to follow a straight torque line between these two rpm points will jump well in excess of 250 hp somewhere in the middle.  Therefore, it is important to keep the rpm step sizes somewhat small.  However, for the above example, entering 1000 rpm- 100 hp, 1500 rpm - 100 hp, 2000 rpm -100 hp, etc., will give the results you were looking for.  


	After entering the torque and rpm information, specify the temperature, barometric pressure, relative humidity, and elevation the dyno data was either measured at or corrected to.  S.A.S. uses this information to correct the curve to the track environmental data in the "Race Environment".  If you wish to test the vehicle at a different temperature, change the temperature in the "Race Environment", not the temperature in "Manual Dyno 2".  





Example Buildup


	


	This section provides an example of how this program can be used to examine and modify parts to achieve performance goals.


	Our goal here is to modify a vehicle to get it running in the high 12 second quarter mile range.  We'll start with the default program vehicle specs, but we'll change the weight to 3700 lbs, and the wheelbase to 108 inches.  Let's assume our car currently has the 350 cubic inch engine (from QuickEngine Builder) with 266 lbs-feet of torque at 2250 rpm, and 171 horsepower at 4590 rpm.  This engine can be selected from the file menu in QuickEngine Builder.  After selecting it, the power curve will be calculated and displayed.  


	Next, our transmission will be the TH-350 automatic.  This can be found in the transmission menu.  Our gear ratios will automatically be inserted (2.52/1.51/1).  To keep things short and simple for this example, we'll assume the drivetrain efficiency is 80%.  Click on "Efficiency" to use the "Dyno to wheels eff(%)" column of data, then enter 80 for first, second, and third gear.  Our transmission will shift at 4900 rpm, so in the shift point boxes for first and second gear, we enter 4900.  


	Everything else stays the way the program starts, 2.78 differential ratio, 28 inch tall tires.  Lets change the coefficient of grip/friction to .75 to simulate some relatively skinny street tires.


	Now, let's go ahead and click the "Go" button to test our vehicle in the 1/4 mile.  The results screen shows up, and we can see that our car runs 17.12 seconds at 83.39 miles per hour, and does 0-60 mph in 9.49 seconds.  This is far from our goal of running in the high 12 second range!  The times shown in the results box start at 0 seconds, then increment up to .3, then start over at 0 seconds again.  This is because the vehicle (according to our rollout of 12 inches) takes over .3 seconds to break the starting beams.  This is displayed so you can see what is happening before the clock actually starts.  


	Our car spins it's wheels to almost 10 mph, then gets good grip for the rest of the run with this setup, even with the mediocre tires.  By clicking on the graph, or by scrolling through the rest of the information in the listbox, we can see that our car will cross the finish line still in second gear at about 4100 rpm.  


	From here, to improve our times, many different avenues could be taken.  We could go ahead and consider better tires, however, since we don't really have much of a traction problem except up to the 10 mile per hour point, we'll skip this for now, as we can probably use our money to get better performance somewhere else first.  One common avenue is to modify or swap the engine at this point.  Since this is expensive, we'll skip this for now too.  Instead, we decide to swap the differential 2.78 gear ratio to 4.11's.  To do this, click on "Differential", then either type or click the "4.11".


	Let's go ahead and test it again now.  Click "Go".  Now our quarter mile shows quite an improvement:  16.45 seconds @ 84.34 mph.  Our zero to sixty mile per hour time has dropped to 8.64 seconds.  However, by looking at the graph or the main listbox, we can see that our skinny tires are really a limitation.  We're now spinning them to about 27 miles per hour, or for 2.6 seconds after we've broken the starting beams.  By looking at the distance readout, we can see that we should spin these tires all the way to the 60 foot mark.  This gear does, however, allow us to cross the finish line in third gear instead of second now, at about 4160 rpm.  


	Should we go for the engine swap now?  Or should we spend our money on better tires first?  Just for fun, let's see what would happen if we swapped the engine.  In the QuickEngine Builder menu, select the 350 cubic inch 351 lbs-feet@4430 rpm, 348 horsepower@6120 rpm engine.  Now, let's test this engine in our car right away.  Close the QuickEngine Builder screen (by clicking "Close"), then click "Go".


	Now we run 14.99 @ 99.82 mph in the quarter mile.  That extra power made a big difference.  Look at the graph or scoll through the output results to see the details of what happens during the run.  We now can spin the wheels all the way through first gear, as well as during the 1st to 2nd gear shift, even with our posi rear end.  Our zero to sixty time of 7.01 seconds is a big improvement, but obviously, our tires have too little grip to improve it much further.


	Let's improve the tire grip.  Click on "Tires", then change the coefficient of grip to .9.  This would be along the lines of some very wide street legal tires on the rear.  Now click "Go" to see the difference.  Our zero to sixty time plummets to 6.08 seconds, almost a full second improvement, and our quarter mile improves to 14.30@100.62 mph.  We leave the line pulling over .5g acceleration, and now spin the tires only to about 10 mph.  Then we got good traction to about 20 mph, when the tires started spinning again.  Why did this happen?  During our launch, the torque converter was multiplying our torque enough to overpower the tires.  From 1400-2500 rpm, our engine doesn't make very much torque, so we have no traction problem.  However, from 2500 rpm to our 4900 rpm shift point, we have enough torque to spin the tires again.  


	Since our engine makes peak power at about 6100 rpm, let's change our shift points in the "Transmission" screen to 6500 rpm, and test it again by clicking "Go".  Now we really improve things.  The engine is spending more of its time in the high power range at the top of the rpm scale, and we show a quarter mile of 13.65@105.85 mph.  Our zero to sixty time drops to 5.54 seconds.  Our traction problem is still there, however.  We can spin off the line, then spin again from 2500 rpm or almost 20 miles per hour all the way to 5800 rpm or almost 46 miles per hour.  


	With these tires, we can assume that giving ourselves a high stall torque converter probably won't help much.  We'll simply spin all the way through first gear any time we apply full throttle.  Let's try some slicks and see if we can improve our situation and get us into the high 12 second range.  Click on "Tires", then change the coefficient of grip/friction to 1.5.  This is about what an 8 inch slick will have.  


	Now we click "Go", and see another huge improvement.  The tires never so much as chirp through the whole run.  Our zero to sixty time drops about half a second to 4.93 seconds, and we cross the traps in 13.31 seconds at 106.14 mph.  Very close, but we're not quite in the 12's yet.  Looking at the results graph again, as well as in the history window in the main screen, we can see that with this setup we cross the finish line at a hair over 5200 rpm.  Our engine can handle 6500 rpm, so there's room for more gearing.  Let's change it by clicking on "Differential" and clicking the 4.88 gear set.  


	After clicking "Go" again, we finally reach our goal:  12.97@107.43 miles per hour.  Notice that we actually chirp these slicks now for just a tenth of a second or so at the starting line.  Our zero to sixty time improves to 4.63 seconds.  We can also check our top speed.  Click on "Testing options", then click on "Top Speed Test", and click "Go" again.  


	Our steep gearing means we reach our engine's 6500 rpm redline in third gear at only 111 mph.  How will this car handle the freeway at 55 mph?  Click on "Testing options" again.  Then click "Time to Distance Test".  In the "Starting speed" box, enter 55, and in the "Starting gear" box, enter 3, for third gear.  The starting rpm shows us cruising at 55 miles per hour in third gear at 3221 rpm if we have no torque converter slippage.  That's humming along pretty high and gas mileage will probably be poor with this vehicle set up this way.  To get our quarter mile testing set back up, click "Standard 1/4 mile" again.  


	How will this car perform once we put the high performance street tires back on?  Click on "Tires", then change the coefficient of grip back to .9 to get our old tires back.  After clicking "Go", we see that our tires just don't hold up anywhere near as well as the slicks did, and we show a 13.62@106.77 mph quarter mile run.  Zero to sixty is still a respectable 5.56 seconds, but we can spin the tires any time we want through 1st gear, to 43 mph.  When we hit second gear, they can spin until the shift finishes at about 48 mph, .4 second after our shift starts.  Moving weight rearwards, such as putting the battery in the trunk, would increase our rear weight distribution percentage.  This would increase our traction and we could simulate that as well.


	If we wanted to run this car solely at the drag strip, we could swap the torque converter to stall at the engine's torque peak, about 4400 rpm, and put our slicks back on.  To do this, click on "Transmission", then change the "Stall speed" to 4400.  Our transmission shows 0% slip, so change the "Torque converter slippage (%)" to 5, to more closely simulate this high stall converter.  Our torque multiplication factor will probably be higher with a high stall converter like this too, so change the "Torque multiplication" to 2.1 for this example.  Let's assume we put a shift kit in the transmission to make it shift faster, so we'll change the "Shift time", to .2 seconds.  To get out 8" slicks back, click on "Tires", then change the grip coefficient to .9 again.


	Now click "Go".  Our times dropped from a previous best of 12.97@107.43 to 12.42@105.68 mph, and we can spin our slicks anytime during the first 8 feet or so, to 17 mph.  Why did our trap speed drop?  Click on the graph or look through the listbox.  At about the 1220 foot mark, our engine peaks out at its 6500 rpm redline a little sooner because of our 5% slippage and stops accelerating.  Let's fine tune this a little more.  Click on "Differential" and change our gear ratio to 4.56.  


	Click "Go" again, and we can see our time is now 12.44@108.11 mph.  That's .02 second slower, but notice we still can spin these 8" slicks to a hair over 17 mph.  Let's simulate a 10" sticky slick by clicking on "Tires" and changing the coefficient of grip/friction to 2.4.  


	Click "Go", and we see another improvement.  The tires have no problem providing traction, and we now run 12.36@108.14 mph.  Our 60 foot time is 1.66 seconds, and we reach 60 miles per hour in only 3.90 seconds.  This of course, assumes a perfect reaction time, so good driving is a must!  Notice the launch now occurs at almost 1.5g, putting about 80% of the vehicles weight on the rear wheels.  


	How might this vehicle run on a not-so-perfect day?  Let's go to the "Race Environment" and change the conditions to 75 degrees, 29.921 InHg, 35% relative humidity, but we'll stay at sea level (0 feet elevation).


	Clicking on "Go" shows us a quarter mile run at 12.54@106.68 mph in these conditions.  That's nearly two tenths of a second difference from the 60 degree, dry air day run.


	By taking an approach like this, we can save ourselves a lot time, money, and energy by getting our vehicles optimized the first time.  If you are considering a modification to your vehicle, try it here first, then test possible alternatives.  For most people, setting up a car to run what they want isn't something they do all at once.  They usually make one purchase at a time, and would like it to give as much bang for the buck now until they can afford to acheive their goals.  In this example, we discovered that a high stall torque converter would be useless with our street tires and this much power, so that expense would have been spared, or could have been used for something different.  We were also able to test different gear ratios to maximize our engine and transmission's full potential in different weather conditions, as well as see the effects on engine rpm at highway cruising speeds.  


	


Technical notes regarding QuickEngine Builder:





	QuickEngine Builder is a mix of a "filling and emptying" model combined with an intake gas momentum model.  Basically, the intake gases are modeled as a single mass that can accelerate either towards or away from the cylinder.  The model rotates the engine 2 degrees, calculates cylinder and intake pressures, along with the forces at either end of the intake pipe, and accelerates the intake gas charge accordingly.    After doing this 100-150 times to spin the engine through it's intake cycle, the air mass in the cylinder is converted to volumetric efficiency, and this in turn is run through a simple empirically derived equation to determine power and torque.  The engine speed is then increased 50 rpm, and the cycle restarts, eventually recording and displaying a full power curve.  


	Flow restriction is handled by applying a fluid friction force to the intake charge as it moves through the intake pipe.  So you will see results similar in nature to real engines when you change the intake runner diameter.  A large diameter will result in less restriction and will generally move the torque curve higher and further up the rpm scale.  This is the only flow restriction modeled by this version of QuickEngine Builder.  In addition, the assumption is made that the carburetor/intake system does not have any additional flow restriction.  Basically, the torque may be exaggerated in the low to mid rpm range on mild engines because no carburetor or head flow model is in place, but you should get better results when playing with high performance engines that don't have much in the way of flow restriction.  


	Making the intake runner longer will generally allow more momentum to build in the intake gas charge, but at the expense of flow loss.  The torque curve will occur at a lower engine speed and have a more "peaky" shape.  


	When using a very short and/or large diameter intake runner, or a very late closing point on the intake valve, the torque curve will wave up and down erratically at low rpm.  This is a result of the air charge moving very quickly and forcefully into and out of the cylinder.  A real engine doesn't do this, because the air in a real engine doesn't move in and out of the cylinder in one big piece, as it does in this model.  However, modelling the intake charge in this fashion does allow for the momentum effects (ram effects) in the mid and high range to be approximated, while using significantly less calculations than a more complex (and accurate) model would.  


	The intake valve is assumed to start the cycle fully open and close instantly at the point you specify in "Intake valve close (ABC)".  Real poppet valve engines, of course, don't work this way.  Since the intake valve opens and closes instantly in the simulation and there is no flow restriction model for the cylinder head, entering a camshaft profile or intake lift along with cylinder head flow data would not be useful.


	Where's the exhaust runner and valve data?  There isn't any.  The model assumes the cylinder begins the intake cycle with just enough exhaust gases to fill the combustion chamber volume at atmospheric pressure and temperature.  It then makes its calculations only during the period the intake valve is open, completely ignoring the exhaust process altogether.  


	There is also no friction model.  The friction in the intake runner was chosen to match a rough pipe, so after the torque curve peaks, it will usually drop off quickly enough to land the horsepower peak within about 1500 rpm of the torque peak.  This was done to calibrate the model to more closely match some popular performance V-8 engines.  


	Enough variables are provided here to match many existing high performance engines pretty closely with enough experimentation.  There are several example engines included in the menu you can examine to see how some common engine curves can be approximated.  Aside from that, it's just plain fun to play with!








