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LapSim 2018 
 

Introduction 

Thank you for your interest in LapSim and taking the time to read the manual. 
 
LapSim wants to provide you with a comprehensive, easy to use and accurate simulation 
package. The intention is to supply a tool to analyse the complex behaviour of a vehicle, 
able to generate answers to the questions you have. From 2004, the standard version of 
LapSim was supplied for free. We have had up to 10.000 downloads per year, proving the 
success of the concept. Due to this free availability of the software, no simulation package 
is more widely spread and so extensively tested, a sign of quality, for both the 
mathematical model as well as the Graphical User Interface.  
 
Without a license the software will remain in a Free Version mode which will still enable 
you to work with the software, apart from the restriction that the amount of parameters to 
specify your vehicle is limited. However, even with the limited amount of parameters, you 
should still be able to get the model close to the real car. In this manner you can check 
whether the software works for you, before purchasing a license. A license will allow you 
to specify your vehicle more in detail, the software remains the same. 
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Chassis and Engine License 
 

Apart from the free version, there are currently two types of licenses. A Chassis 
license is the classical LapSim license, aimed at optimizing your vehicle chassis and 

driver. Within the Chassis there is the automatic optimise routine for the setup as well as 
giving you advice in which direction the set-up should be changed to improve 
performance. There is also a 7 post dynamic simulation, capable of performing all kind of 

handling manoeuvres. A Chassis License is currently priced at 995 EUR. 

 

Adding the Engine License will enables you to calculate the engine power/torque 

characteristic out of the main engine parameters: bore/stroke, cylinders, compression 
ratio, air-restrictors, intake and exhaust valve diameters, camshaft timing and intake and 
exhaust sizes. The model can of course be used to optimize each of these items. The 
model has a 2-zone burn model, capable of simulation the burn process. Hereby the 
model generates the pressure diagram over 720 degrees of crank angle. Properly 
integrating these values leads to the generated torque/power value. Due to the burn 
model the software is capable of taking the influence of compression ratio as well as 
chamber shape into account. Furthermore the software is capable to show the influence of 
ignition timing on the generated torque. The price for a Chassis + Engine License is 

1,495 EUR. 

 
I hope and trust LapSim will supply a positive contribution to your racing activities. Should 
you have any questions, please do not hesitate to contact me. 
 
With the kindest regards, 

  

Chris van Rutten  
info@lapsim.nl 
www.lapsim.nl 
Tel:  +31 23 55 11 056 

mailto:info@lapsim.nl
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 Installation of LapSim 
 

 Please copy the file “LapSimInstall.exe” in a newly created directory on your hard disk, 
preferably C:\LapSim. Do not create a folder in C:\Program Files, because that causes 
problems with the loading routine. 
 

 Double click on LapSimInstall.exe 
=> File will self-extract and will install the MatLab compiler Runtime2013b 

 
 You are asked to accept Microsoft Visual C++ License Agreement   => Yes 

(This is not asked on every computer. Do not ask me why)  
 
 You are asked if you wish to install MatLab Compiler Runtime   => Next 
 
 Default path for installation:   =>“c:\Program Files\Matlab\Matlab Compiler Runtime” 
 
 => Click Install 
 
 When message comes: MCR Installation complete    => click Finish 

 (Due to the duration of procedure it might be that a Failure Message appears that extracting 
MCR Files is not responding => no action required, just wait) 

 
 Double click on LapSim.exe => LapSim will start in Demo mode 
 

=> You are ready to go 
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Generating a LapSim License Request File  
 

In order to shift LapSim from the free version mode into a licensed mode, LapSim must detect a 
“license.lps” file in the main directory where LapSim is installed. Within the “license.lps” specific 
information of up to 3 computers can be saved. LapSim compares the information of the computer 
LapSim is currently running on, with the information specified in the license.lps file. If the 
information does not match with any of the three computers specified in the file, or if no license.lps 
file is present, LapSim will remain in free version mode. 
  
In order to generate such a license.lps file, the customer must send to us 1 to 3 License Request 
File(s). A *.lrf file can be generated within LapSim by selecting the option “Generate License 
Request File” to be found under “Info” in the “Extra” menu. Alternatively at start-up LapSim shows 
a button “Generate License Request File”. 
 
Subsequent the following menu will appear which needs to be filled in by the customer: 

 
Customer can save this information in License file 1-3 (for computer 1 – 3). The complete path 
where the file is saved is shown in the listbox. 
Out of these 1 to 3 License Request Files a license.lps file can be generated by us which 
needs to be copied into the main directory of LapSim. On next start-up, LapSim will detect the file 
and shift into licensed mode.   
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Getting Started with LapSim 
 
Step I: Create a setup file of your vehicle 

The first step is to create a set-up file containing the parameters of your vehicle. The easiest way 
is to alter the standard set-up file “StandardSetup” which can be found in the “VehiclePara” 
subdirectory. Alternatively you can check whether one of the supplied setups in the subdirectory 
“basic setups” comes close to your vehicle. Loading a LapSim vehicle setup file can be done by 
selecting “Load Set-up” in the “File” menu, or pressing the “Set-up File:” button on the GUI. 
 
In the “Chassis Parameters” menu, you can find the “Set-up sheet” option which will show you 
an overview of the main parameters of the vehicle, as shown below. When finished with the set-
up, the setup should be saved with the “Save set-up” option, found under the “File menu”.  
 

 
 
You will need the setup file in order to load and post-process on-car recorded vehicle data.  
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Step II: Importing on-car recorded data file 
 
Once we have created a set-up file of our vehicle, the on-car recorded data can be loaded into 
LapSim. To load the data into LapSim you can either select “Load Data File” found under “File” 
menu, or press the      Data File:     pushbutton on the GUI. Subsequently select the data file you 
wish to load. You can use Bosch *.bin or *.bmsbin files, or AIM *.xrk file. These load directly into 
LapSim. Alternatively you can make a *.csv export file from AIM, Motec or Race Technology, 
which can also be loaded into LapSim. 
 
In order to post process the vehicle data, 
the data has to be combined with a set-up 
file describing the vehicle that generated 
the on-car recorded data. 

 
By pushing the pushbutton     Select Setup File     a set-up file can be selected. When the set-up 
file is loaded, the main parameters will be shown in the set-up sheet as shown above. If 
necessary, adjustments can be made before the set-up is combined with the on-car recorded data. 
Press the button      Set-up O.K.   Continue…      LapSim continues loading the recorded data. The 
next Window will be shown….  
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Step III: Specifying channel names 
 
The first time LapSim is used you will have to define the names of the several channels, because 
the channel names are not standardised and vary from project to project.  

 
The channels can be selected by pressing the popup menus. LapSim will remember the selected 
channels names. However the specified channels need to be present in a data file to be selected.  
 
The direction of the acceleration signals can be specified. It is assumed that the direction of lateral 
acceleration, yaw and steer angle is the same. So altering the direction of lateral acceleration 
changes the direction of these three signals. Furthermore it is necessary to specify whether the 
measured spring travel is wheel travel or spring travel and if the positive is rebound or bounce 
travel.  
 
If you select a channel, it will be plotted in the figure on the bottom right side for the current 
selected lap.  
 
By pressing the     Load Lap #     button the selected lap is loaded in LapSim.. 
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Importing *.xrk file from AIM including GPS information. 
 

With the V2018 it is possible to directly load AIM *.xrk file into LapSim. There is no need to first 
make an *.csv export in order to get the AIM data into LapSim. Furthermore, due to the availability 
of GPS data, LapSim will subsequently determine the driven line out of the GPS data, instead of 
calculating it out of lateral acceleration and vehicle speed.    
 

 
 
This can be seen in the GUI where the track lay-out is shown for the selected lap. Furthermore, 
due to GPS, the elevation of the track is also directly loaded into LapSim. So there is no need to 
add these manually. Naturally the GPS based track offers a much better option to compare driving 
lines.   
 
Comparing, simulating and altering driving lines will be the focus of the development of the next 
few years.  
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Importing *.csv datafile from AIM, Motec, Race Technology. 
 

LapSim is capable to load *.csv datafile exported from most data recording systems. Current 
options are a *.csv-file created by Motec, Race Technology or AIM. The file should have the 
extension “.csv” to be recognized as such. Dependent on the headers in the first couple of line, 
LapSim distinguished between the several file formats.  
 
The procedure is the same as described for the import of a WinDarab file, only one has to select 
the exported “*.csv” data file instead of the WinDarab file. The “*.csv” file has to contain only one 
lap.  

 

Minimum Request of Channels 
 

The minimum request to import data into LapSim is: 
 

 Lateral acceleration 
 Longitudinal acceleration 
 At least 1 wheel speed 

 
This will enable LapSim to create a track lay-out. For validating the model to your on-car recorded 
data, it is useful to equip your vehicle with the following channels: 
 

 Engine RPM 
 Steer angle 
 Throttle position 
 Gear position 
 4 wheel speed sensors 
 Yaw speed  
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Step IV: Post-processing the on-car recorded data 
 
If the data is loaded in the LapSim workspace, the plot menus are enabled. After loading the data, 
LapSim will show the animation as seen in the figure below. The animation may look like a 
gimmick, but it gives you an overview of about 25 variables in one shot. You will quickly see if 
something is not right with your data, much faster than going through the plot menus.  
 

 
 
At this point we only have 1 lap of data in our workspace. There is no accompanying simulation run 
to the lap of data, so the button         Calculate Simulation Run           appears.  
 
Pushing the button will start the simulation run using the setup of the lap, as well as the track lay-
out calculated out of the data. This action will generate a second data lap, containing simulation 
results. See next page… 
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The following will appear …. 
 

 
 
The simulation model will first calculate the speeds with which the car can drive through the 
cornering points. Cornering points are points on the track which are identified in the track 
calculation where there is a local minimum radius. The speed in the cornering points are plotted in 
the top figure by the orange points, which can be compared with the on-car recorded speed 
represented by the white line.  
 
After calculating the cornering speeds, the model starts to accelerate out of the first corner. A 
second model starts to brake from the second corner backwards. When these two models meet 
their simulation results will be combined. Subsequently the same sequence will start again: the first 
model will start to accelerate out of the second corner and the second model will start braking out 
of the third corner backwards. Till they meet, ….. etc, …. etc, till  finally the complete lap has been 
simulated.  
 
With the simulation ended, a second Lap of Vehicle Data is created. It has the same name as the 
lap with the on-car data, upon which the simulation is based, but with the exception that the “Lap:” 
has been changed into “LapSim:” followed by the lap time of the simulation model.  
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Structure of LapSim …. 
 
 
In order to understand the approach of LapSim, it is useful to appreciate the structure of the 
program. LapSim uses a “workspace” in which the data is loaded. The LapSim workspace can 
contain up to 8 laps, each of which contains vehicle setup parameters, track parameters and 
vehicle data. The vehicle data can either be post processed on-car recorded data or simulation 
data. 

 
In addition to these 8 Laps of data, the LapSim workspace contains a vehicle parameter setup file 
and the track parameter file. These files are shown in the top left half of the GUI and can be 
altered in the several menus as desired. Changing either of them will cause the 
     Recalculate Simulation Run       button to appear.  
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Pushing the button will create 
a new “LapSim” of simulation 
data together with the changed 
setup and/or circuit 
parameters. The lap will have the same name as the file where it is based upon, with updated new 
lap time and an additional (2). Making further changes to this file and subsequently recalculating 
will create the next file with same name, updated lap time and a (3)….  
 
In the Window menu, the 1 to 8 laps of the workspace can be seen. The current lap has a 
checked mark. Selecting another (or the same) lap will update both the vehicle setup and the 
circuit parameters in the workspace equal to the vehicle setup and circuit data of the selected lap. 
Therefore by selecting the current lap, any change made to either setup data and/or circuit data 
can be reversed. 
 
In the file menu, one can load and save the complete workspace for later analysis. 
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Data Analysis …. 
 
 
With 2 analysis laps present in the workspace, one with data created by real car and the second 
simulation data created by the model, they can be compared with each other in the “Plot results” 
menu. The plot menus contain preselected combination of vehicle variables, chosen to analyse 
certain parts of the vehicle. 
 

  
 
In the two list boxes on the bottom of the GUI should be used to select the different Laps. The 
right list box has the same function as the “window” menu option. The left list box specifies the lap 
with which the data is compared. 
 
The bottom figure in the GUI shows the diff time between the two selected laps. 
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Zoom functionality 
 
 
In the plot menus there is an extensive zoom functionality build in. 
 
Right mouse + cursor movement = Zoom function. 
 
The zoom functions in all the plot figures, both in horizon as in vertical direction, as can be seen in 
the figure below. However, the zoom function works in one direction at a time. In which direction, 
depends on the relative movement of the cursor. Is the relative movement more vertical, so will the 
zoom be. More horizontal, vice versa. The zoom area will show what kind of zoom action is made.  
 
Next to this there is also a zoom function in the track lay-out figure. Same zoom action. The 
software will determine which position of the track is the nearest, that will be the starting point of 
the zoom action, and by moving the cursor, the zoom area will be created by the same principle, 
nearest position on the track. 
 
Double click sets the axis back to normal. This is valid for all figures. In case of both vertical and 
horizontal zoom in a figure, first the vertical zoom will be first reset, secondly the horizontal. Double 
click can be done with left or right mouse button. 

 
In the track lay-out (figure on the left side of the GUI) the selected area in the plots is marked with 
a dark grey line. The yellow line in the plot figures is the middle position of the area. In the plot 
figures one can see the values for this yellow line position. 
 
Left mouse button moves the yellow line in both the plot figures as well as the track lay-out and 
shows the value(s) of the data traces at that point. 
 
Left mouse button + cursor movement in the track figure, will scroll the data around the position 
of the cursor. 
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 Circuit Parameters …. 
 
 

Circuit Layout… 
 
LapSim automatically calculates the track lay-out out of the date of each file which is loaded. It is 
part of the post-processing sequence of LapSim. This enables a comparison of the driven lines 
with each other, but in case of simulation a comparison of the track itself or added parameters like 
heights, banking, local grip or wind. 
 
An example of a calculated track out of the recorded data can be seen in the figure below. The 
used algorithm in LapSim is very robust, however should the simulation speed differ strongly from 
the recorded speed it is useful to give the calculated track some further attention.  
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Furthermore it is necessary that each corner which cannot be driven full throttle shows a corner 
point. It is possible to add a corner point, should that be necessary. This might be the case if a 
corner or combination of corners are very close to each other. Push the     Add Corner    button 
first and click in the track figure to position the new corner point. In addition corner points can be 
shifted along the trace of the track. 
 
There is an option to compare the driving lines calculated out of the on-car data. In the figure 
below you can see an example. You can select the two file you wish to compare. Furthermore you 
can select the corner point where you wish that both lines are made equal. 
 
In the example it is corner 8. You can clearly see that both drivers take different line through this 
combination of corners, The driver of the black line makes basically one corner out of corner 7 and 
8, whereas the driver of the white line straightens the car in order to brake later. The driver of the 
white line gains 0.2 sec in these two corners. 
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Banking … 
 
 

When you create a circuit map out of the on-car recorded data it is completely flat, without height 
differences, banking, no wind and has a constant grip level. In the circuit banking menu you can 
add circuit banking to the track you have calculated.  
 
The banking (in case positive) creates an extra vertical load on the tires relative to the lateral 
acceleration. The higher the lateral acceleration, the higher the extra vertical load on the tires will 
be, due to the banking.  
 
In the menu we can add and delete sections to our track. The software will smooth the banking on 
entry and exit of a section (see left figure in the GUI). 
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Banking sections can easily be added by pushing the left mouse button and scroll over the track 
figure. The section will be added in the list box seen on the left side of the GUI. One need to add 
the amount of camber in this section. Begin and end point can be altered in the edit boxes.  
 
By clicking in the figure or in the list box on the right, you can select the section you wish to alter 
or delete. 
 
If you have already created banking, height and grip parameters in a previously save circuit track, 
you can load these parameters by pressing the      Load Circuit Parameter      button and by 
selecting the previously calculated and saved track. 
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Heights differences …. 
 
 
In the circuit heights menu you can add circuit height differences to the track you have created. 
The height points are relative to the position of the lap trigger, which is defined as zero. 

 
If the track goes uphill, it will create an extra resistance to the model. When going downhill, vice 
versa. The model will not experience any change in the vertical load due to the height differences. 
 
The software will linearize the height graph of the track as can be seen in the left figure of the 
GUI. 
 
By clicking in the figure or in the list box on the left, you can select the height point you wish to 
alter or delete. 
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Local Grip …. 
 
 
In the track grip menu you can add sections in which the local grip if the track differs from the 
overall grip. In the same menu the overall grip can also be changed. The local grip is multiplied 
with the overall grip.  
 
In the menu we can add and delete sections to our track, which can be specified with an amount 
of local grip. The software will smooth the grip on entry and exit of a section (see left figure in the 
GUI). 
 

 
 
 
By clicking on the figure with the circuit lay-out a particular section can be selected. By dragging 
with the mouse sections can be added or altered, similar like in the banking menu.  
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Wind …. 
 
 
In the wind menu, overall wind influence can be specified. It is assumed that the specified wind 
speed and direction is the same everywhere on the track. You can specify the influence of the 
addition aerodynamic speed on the aerodynamic drag and front and rear downforce separately. 
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LapSim Chassis License 
Drivetrain Parameters …. 

Engine Characteristic …. 
 
The vehicle’s engine torque/power curve can be specified in the “Engine” menu found under 
“Drivetrain Parameters”.  
 
The characteristic can be specified in 200 [rpm] or 500 [rpm] intervals. One can choose to either 
edit torque values or power values. To select either of them push the button torque/power button 
or click on the respective graphical figure. The rpm range of interest is changed by clicking in the 
figure in the range one wish to edit. The values can be changed in the edit boxes, but also by 
dragging the individual points in the graph. 

 
The engine brake torque parameter is only used when the model brakes to determine the increased 
retardation of the driven wheels from the engine braking. This parameter also influences the 
function of the limited slip differential during braking (off throttle). 
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 Gearbox Settings …. 
 
 

In the gearbox menu the ratios of a 4,5,6 or 7 speed gearbox can be specified, as well as the 
overall drivetrain efficiency (street car gearbox: 85 – 90%, straight cut race gearbox: 90 – 96 %).  
 
LapSim combines the gearbox ratios with the specified engine characteristic to calculate the optimal 
gearshift points. It tries to maximize the traction force as can be seen in the two top figures. So it 
either changes gear at the rev limiter or at a rpm point where the traction force would increase by 
a gear change before the rev limiter. Both the speeds as well as the revs for these “optimal” gear 
changes are specified in the figure. By option it is also possible to let LapSim change gears at a 
fixed rpm point. 

 
Because the aerodynamic drag of the vehicle is also specified, shown in the plot by the dark grey 
area, LapSim can calculate the top speed of the vehicle. This is specified in the main figure, 
together with the corresponding engine rpm. For this calculation the model assumes zero 
longitudinal slip of the tires.  
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Differential Settings …. 
 
 
LapSim assumes that a Limited Slip Differential acts with the same friction of slip as the friction of 
stick. The amount of traction force which can be transferred from one wheel to the other is a 
percentage of the ingoing torque of the differential. The functional characteristic can be seen in the 
figure on the GUI. The x-axis show the ingoing torque, the y-axis the speed difference over the 
differential. So the speed of the left wheel compared to the speed of the right wheel.  
 
If the differential is sliding the force the differential transfers from the faster turning wheel to the 
slower one, is a percentage of the ingoing torque. If the differential is not experiencing a speed 
difference, the torque transfer of the differential can be anything between the maximum (determined 
by the ingoing torque) and zero, in either direction.  
 

 
In case there is no speed difference over the differential (stick) is the force through the LSD 
determined by the individual vertical load and slip of the two driven tires.
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The percentage of Limited Slip Differential part of the differential is determined by the ramp angle 
(drive and brake), the amount of friction faces and the friction coefficient of the plates. All these 
parameters together with the percentage of limited slip, means that there are too much parameters 
specified. Therefor the friction coefficient cannot be specified but is estimated out of the others. The 
friction coefficient should be determined by getting a good correlation between the differential 
functioning in the model compared to the real 
car. For subsequent changes one just need 
to change ramp angles and/or friction faces, 
instead of constantly estimating how much 
LSD amount a certain differential 
configuration would have. 
 
In addition to the locking force created by the 
ramp angles, a preload can be specified. 
This locking force is independent of the 
speed of the differential and also independent 
of the ingoing torque. There is the option to 
give the differential a negative preload (see 
figure on the right). This means the 
differential is completely open, till a certain 
amount of ingoing torque is exceeded. 
 
Finally there is the option to add a visco 
differential to the differential. The visco part 
has a linear relationship between the 
differential force and the speed difference 
over the differential. The ingoing torque does 
not influence the force the visco part of the 
differential creates, as can be seen in the 
figure on the right.  
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LapSim Chassis License 

Chassis Parameters …. 
Masses …. 
 
 

In this menu the vehicle masses can be specified as well as the static distribution of the weight 
over the four tires. One can edit weight distribution, or one can edit the static load on the four 
tires. 
 
The mass moment of inertia of the vehicle along the vertical/ lateral en longitudinal axis have no 
real influence on the lap simulation. One should not draw any conclusions out of the influence of 
these parameters on the simulated lap time. In the 7 poster dynamic, however, these parameters 
do have a big influence on the dynamic behaviour of the vehicle. That is the main reason they are 
specified here. The mass moments of inertia of the engine as well as the FR/RR wheels do create 
extra inertia which needs to be accelerated.  
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Lengths …. 
 

The lengths parameters, wheelbase, track width front and rear in combination with the height of the 
C.O.G. determine the weight transfer during braking, accelerating and cornering. In addition one 
can specify the ride height of the front and the rear axle. Through these two ride heights one could 
imagine a bottom plane. The height of the C.O.G. can be specified either relative to this bottom 
plane or relative to the road surface. 
 
It is possible to specify leading edge points for your aerodynamics, relative to the centre of the two 
axles. This is done in the middle column. For the front leading age point, the distance in front of 
the front axle as well as the height relative to the bottom plane through the front and rear ride 
height. For the rear diffuser the approach is similar. These parameters are very customer specific. 
Most common is to specify the aerodynamics simply by front and rear axle ride heights, which 
would mean all these leading edge parameters are zero.  
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Aero …. 
 
 

The aerodynamics of the vehicle are specified by a drag and two downforce coefficients. In the 
simulation model, all coefficients are multiplied by the frontal area, the specific mass of air and 
subsequently half the square of speed to get to the actual aerodynamic forces. 
 
One can make the aerodynamic coefficients ride height dependent. There are 5 ride height points 
for both the front and the rear axle (5 x 5 = 25 points). To reduce the effort of editing, one can 
reduce the amount of ride height points to 3 or 2 per axle rideheight. This can be done by 
selecting in the list boxes below the car figure on the left or by clicking on the respective axles in 
the aero map.   
 
Furthermore one can change the average value, in order to shift the complete map vertically. 
Alternatively one can chose to specify total downforce + lift balance, instead of specifying front and 
rear downforce coefficients. 
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As an option the software can make a straight line simulation to analyse the vehicle’s ride heights 
and aero balance with increasing speed. The behaviour is of course strongly influenced by the 
chosen spring characteristics and static ride heights in combination with the ride height dependent 
aero. This gives a direct feedback of the aerodynamic behaviour versus speed. 

 
There is an additional menu to specify the influence of the rear wing angle on the overall 
aerodynamics. This menu can be selected by pressing the button on right bottom of the GUI. One 
specifies offset values compared to a reference rear wing angle (in the example 10 [°]). In this 
manner a 4-D Aeromap is created. 
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Brakes …. 
 

 
LapSim calculates with a constant brake force distribution between front and rear wheels. The 
brake force to the left and right wheels of one axle is always equal. During braking LapSim 
calculates for each individual wheel how much braking force can be transferred to the road, while 
staying within the tire saturation limit. The minimum value of the braking force (adjusted for the 
brake balance) of the 4 wheels, determines the total amount of braking which will occur at that 
moment in time.  

 
In addition a brake force reduction to the rear wheels can be specified. This is used on quite a few 
street cars. With light braking the emphasis is more to the rear. With higher braking force, so more 
load transfer to the front axle, the emphasis shifts more to the front. The graphs show the relative 
influence of the settings. 
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In addition there is an option to run an “ABS” like system. This allows LapSim to vary the brake 
force distribution between the two axles to the momentary optimum. With this option engaged, it 
gives an indication of the maximum potential to be gained under braking. 
 
In the item “Brakes” of the plot menus, one can see what the optimal brake balance would be at 
each point of the track. 

 
In this plot menu there is also a brake temperature estimate (simulation), dependent on specified 
brake disk diameter, relative mass of the disk and ventilation capacity. It is of course a big 
simplification, but it gives an indication, especially from track to track. It should be used as a 
relative value, to compare the brake temperature from track to track.  
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Tires …. 
 
 

Tires are one of the most important parts of the simulation. They can be specified in the tire menu. 
Generally there is not much tire data available and if it is available, it is presented in a different 
form than used in LapSim.  
 
However, one should always keep in mind that tires do not behave exactly to a constant 
characteristic, as we all know from the real world. Their behaviour is influenced by tire pressure, 
track surface, tire temperature, wear, humidity, etc. So any characteristic used in the simulation 
only describes a certain situation of the tires on a certain surface. If we keep this in mind, it takes 
the reason away to make the tire characteristics complicated, simply because they vary so strongly 
and the influence of variables on the tire characteristics are not specified. 

 
In LapSim the tire behaviour is described by a longitudinal and lateral characteristic. The used tire 
characteristic is a strongly simplified Pacejka model. It can be divided in 5 parts: overall 
parameters, grip, form, camber dependence and combined slip. Both the longitudinal and lateral 
characteristics are very similar. Front and rear tires are separately defined.  
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Grip factors 
 
For both characteristics the maximum grip is 
specified as well as the dependence of the 
maximum grip on the vertical load acting on 
the tire. With higher vertical load the relative 
grip of the tires decreases, as can be seen 
in the figure. Click on the “Fz [N]” in the 
figure to view the characteristic like in the figure. It is assumed that this relation is linear and 
negative. This negative relationship is the reason why we can tune the handling of a vehicle by 
shifting the weight transfer from on axle to the other. More weight transfer on an axle means 
decreasing the overall performance of an axle. Should you experience that the model react less 
fierce to a change of roll bars than your real car, you should increase this parameter. Subsequently 
you will need to adjust the overall grip factor to remain the same lap time. Generally the 
dependence to vertical load is less sensitive for longitudinal than lateral. Experience has shown it is 
reasonable to assume the grip factor is the same in lateral and longitudinal direction.  

 
 

Form factors 
 
Next to the “grip” factors, there are “form 
factors”” to define. These are the cornering 
stiffness as well as the slip where the 
maximum tyre force occurs. The cornering 
stiffness parameter determines the angle 
with which the tire starts from zero slip. 
This may seem as a not so important 
parameter in racing, but especially in combination with a LSD differential, this parameter in 
longitudinal direction has a big influence. In lateral direction, the cornering stiffness of the tires 
determines the longitudinal resistance component when lateral tire force is generated and thereby 
resistance. Click “Fx [N]” or “Fy [N]” in the figure, to get the same view as shown here. 
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Camber dependence 
 
The dependence of the tire characteristic on the 
camber angle is specified separately. In lateral 
direction (top figure on the right), the “optimal” 
camber angle needs to be specified as well as the 
max increase in lateral grip. At zero camber the 
influence is assumed zero. Out of these two 
parameters a second order relationship is 
determined.  
Similar procedure for the longitudinal direction 
(bottom figure on the right), one specifies how much 
longitudinal grip is lost at 3 and 6 degrees of 
camber. The software subsequently determines a 
second order relationship. In longitudinal direction, 
camber only creates a loss of grip. 
 

Combined slip parameter braking 
 
Last we need to define the behaviour of the tire in 
combined slip situations. Here one can specify a 
difference between traction and braking. Generally tires 
generate more combined forces under traction than they 
do under braking. Therefor one can influence the 
braking performance of the tires compared to 
acceleration. Under acceleration, the combined forces 
are assumed 100% (in versions before V2018 one could 
edit this, but saw too many customers make a mistake with this). The grip circle is shown for a 
rounded figure of about 40% of the vehicle mass. The figures give an indication of the potential 
lateral and longitudinal acceleration of the vehicle. Thereby supplies you a direct estimate when 
altering overall grip and/or grip dependence on vertical load.   
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Overall parameters 
 
Last parts to specify are the overall parameters for the tires: vertical spring rate, rolling resistance 
and the increase of the tire diameter over speed. The vertical spring stiffness influences the 
behaviour of the body due to accelerations, roll and pitch movements, etc. The rolling resistance 
generates a resistance force equal to the specified percentage multiplied with the vertical load 
acting on the tire. Finally the increased tire diameter changes the overall transmission ratio. The 
relationship to speed is quadratic. So at 200 [km/h] the increase in tire diameter is only 43.56% 
of the specified value (at 300 [km/h]). 
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Springs …. 
 
 

In the spring menu, the complete spring characteristic is specified. It starts with the main spring, 
spring stiffness and the length of the spring in unloaded condition. Furthermore one can specify a 
helper spring, in the example a very light one is shown, just to keep the main spring in place. If a 
spring stiffness of zero is specified, the other input boxes of the helper spring will disappear and 
LapSim assumes there is only a main spring. In the figure it is shown when the helper spring goes 
on block. 
 
LapSim automatically calculates the spring platform distance in order to reach the bump and 
rebound travel specified in the last column. Also in the last column, the wheel to spring ratio is 
specified as well as the spring stiffness of the anti-roll bar. The stiffness of the bar is at the wheel 
and can thereby directly be compared with the stiffness of the main spring (if the spring ratio would 
be 1). 

 



   

LapSim 2018 

 

41 

In the bottom two lines of the spring menu, the suspension limiters are specified. First the bump 
limiter or bump stop, secondly the rebound limiter. Again first the stiffness of the limiters are 
specified, where the first value represents the stiffness at the starting point, the second value the 
stiffness and the end of the suspension travel. The stiffness increases linear between the two 
points. In the second column the distance is specified when the limiter will start before the end of 
the suspension travel. 
 
The input scheme is the same for the front and rear spring, but also for mono-, normal or triple 
configuration. With the three pushbuttons one can select the desired configuration. In case of a 
triple spring configuration, the spring figure of the respective axle is split in two figures, as can be 
seen in the figure below.   
 

 
To shift between the different springs, just click in the respective figure. Or push the button in the 
middle of the figure which indicates which spring is the current one. 

 
In case of a triple spring configuration, the setup is over defined. By changing the rebound travel of 
the springs on can put more or less emphasis on the corner spring or one the third spring. 
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Shockabsorbers …. 
 
 

In the shockabsorber menu, the shockabsorber characteristics can be specified. These 
characteristics are only used in the dynamic simulation of the 7 poster. It does not have any 
influence in the lap simulation, because the lap simulation is a quasi-steady-state simulation on a 
flat surface.  

 
Per axle you can edit 5 different shockabsorber characteristics, rebound and bounce, between 
which you can shift.   

 
In the figure the critical damping is also plotted as the dark grey area on the left side. It is the 
critical damping related to the sprung vehicle mass and the main spring stiffness. It supplies a 
direct feedback about the stiffness of the chosen shockabsorber characteristic. 
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Suspension Kinematics …. 
 
 

Suspension kinematics are specified as a function of the axle ride height. The several parameters 
are specified by 5 ride height points. LapSim subsequently calculates a 2nd order equation based 
on these 5 points. The results of this equation are plotted as a line in the graphs. It is not always 
necessary that the line goes through the specified points. This may be the case if one point is out 
of line. One should consider whether such a data point is correct. 
 
The variables can be edited by pushing the left mouse button and drag the parameter to its new 
position. By clicking in the figure one can select a certain ride height position. The ride height 
points can also be edited. If the middle ride height position is selected, a change in a parameter 
will lead to a shift of the complete characteristic by the same amount.  

 
The camber position influences the tire characteristic. In order to let this parameter actually 
influences the behaviour of the model one should specify the camber influence of the tire 
characteristics. This can be done in the tire menu. By changing the individual, neutral camber 
positions of the four wheels, the complete characteristic is shifted up and down. 
 



   

LapSim 2018 

 

44 

The other variables, roll centre height (or specify swing arm angle), anti-dive and anti-squad 
determine to which extend the lateral and longitudinal tire forces are used to support the body of 
the vehicle while cornering, braking or accelerating. 

 
T
h
i
s
 
The influence can be seen in the two figures above. In lateral direction, the angle between the 
road surface and the momentary rotational point, determines the amount of tire force which is used 
to support the body. 
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Steering Geometry …. 
 
 

In the steering kinematics menu the kinematics of the steering configuration is defined. These 
parameters determine the position of the steering wheels due to steer angle (camber angle and 
vertical transition).  

 
Functioning of this menu is similar to the suspension kinematics menu. The variables can be edited 
by drag and drop of the 5 positions. Shifting the middle position of the characteristic will shift the 
complete characteristic with the same amount. 

 
The steering geometry in combination with the actual steering angle influences the camber of the 
front tires. And secondly due to the geometry in combination with steering angle it vertical 
movement of the tire, creating a load transfer over the front axle. Go-karts use this principle in 
extreme. 
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Driver Settings …. 
 
 

In the driver menu one can specify at which speeds the driver shifts down for a lower gear. With 
this information, LapSim determines with which speed a corner is driven and this speed determines 
the selected gear for the corner, according to the specified downshift points. If there are simulation 
results present, the track lay-out is plotted with the corner speeds in the simulation and 
subsequently the selected gear. When the downshift points are edited, the plotted gear for the 
several corners will be updated. 
 
Secondly one can specify to which extend the drives uses the potential of the tires during braking. 
In this manner one cope with a driver which does not use the full potential of the tires under 
braking. 
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HELP …. 
 
 
LapSim is equipped with an search function in order to help you to learn the software. This can be 
found under “Extras”, “Help” 
After selecting one of these functions, the description of this function will be given. 
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LapSim Engine 
 

Introduction 

 
In addition to the vehicle lap simulation package, we have developed an engine simulation 
model. The goal is to supply an easy to use tool capable of generating engine torque and 
power curves as well as efficiency. The model should be able to simulate any 4-stroke 
spark ignition (SI) race engine currently seen on the market, with or without air restrictor(s).  
 
In line with the general approach of LapSim, the engine software avoids an unnecessary 
complex model with vast numbers of variables in order to define every engine detail. It 
would automatically become expensive, hard to use and therefore limiting the potential 
customer base. To summarize, LapSim Engine is aiming for 95% accuracy but with 5% the 
effort of complex engine software packages.  

 
The model has been tested with many existing race engines. This includes 2 and 4 valve 
heads, low (by regulation) and high compression ratios, including low and high rpm 
engines with large and small individual cylinder capacities. With a relatively small number 
of input parameters, LapSim covers to complete spectrum of racing engine and still 
generates surprisingly accurate performance curves. At the moment we rate the accuracy 
of the model significantly above 95% for almost all engine configurations. 
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Valve resistance 
 

The output of an engine is mainly determined by the amount of air that is processed by the 
cylinders. Or more precise, the amount of air that the cylinder catches after the inlet valves 
are closed. This amount is determined by the dynamics and resistances of the intake and 
exhaust tract. Pressure differences between the intake, cylinder and exhaust causes the 
flow of intake air and exhaust gasses. Either flow is reduced due to several resistances of 
which the resistance of the poppet valves are the major ones.  

 
We wanted to keep the effort of input limited, so we tried to avoid the need of flow bench 
values in order to specify valve resistance. Next to this, we feared that the accuracy of the 
flow results would strongly influence the results, like we have often experienced with wind 
tunnel generated aero data.  
 
In order to do so we developed a model to estimate the valve resistance of the poppet 
valve, dependent on the valve lift. It is assumed that the main resistance strongly depends 
on the effective area of the poppet valve. Much attention has been given to this effective 
area, dependent on the motion, angle and the position of the valves in the cylinder head. 
The figure on the GUI shows the resulting airflow of the intake valves, dependent on valve 
lift. And remember, there is no flow data necessary to generate these results! 
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To be able make some tweaks, we added an adjustable resistance factor. However, we 
always calculate with 100% and found that the accuracy of the model is very accurate for 
the wide variety of configurations, with this 100% value. We reached our goal of 95% 
accuracy with this valve resistance model, without a need for flow bench figures. 
 

 

Camshaft profile 
 

With the resistance of the valves determined, the next step is to relate valve position to the 
crankshaft angle. This is done with an adjustable camshaft diagram, in which duration, lobe 
centre position, as well as opening and closing acceleration can be specified.  
 
Additionally, both length and height of the starting ramps are specified, together with valve 
clearance leads to an accurate and effective motion description of the valves in regard to 
crankshaft position. In the figure on the GUI the duration at several lift heights is shown. 

 
A special option caters for engines in which maximum valve lift is limited by regulation or 
by its construction. For this case, the user specifies how long the cam dwells at its 
maximum lift. 
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In the acceleration graph on the 
left side of the GUI, the 
acceleration per degree is plotted 
as well as absolute acceleration 
at the rev limiter. With these 9 
parameters per camshaft, LapSim 
calculates with an “optimum” 
camshaft characteristic. The positive acceleration relative to the maximum negative 
acceleration can be specified. The negative acceleration is linear dependent to the valve 
lift. In this manner one makes optimal use of the spring force of the valve, because that 
also has a linear dependency on the valve lift. This strategy can be seen in the 
acceleration plot. 
 
With the specified valve weight, valve spring stiffness and preload, the acceleration graph 
can be compared to the valve spring force to see whether valve floating is likely to occur at 
the rev limiter. 
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Intake and Exhaust dynamics 
 
With the valve motion specified, as well as the resistance of the valves dependent of the 
valve lift, the next step is to model intake and exhaust dynamics. The computational goal 
of the model is to generate a cylinder pressure diagram over the full 720˚ of crankshaft 
rotation. In order to do so, the amount and composition of air admitted to each cylinder at 
a certain engine rpm needs to be defined.  
 
The cylinder bore, stroke and connecting rod length determines the exact position of the 
piston and thereby the cylinder volume at any crank angle. With rpm, these inputs also 
determine the piston speed, which has great influence on the dynamics. 
 
Both intake and exhaust are represented by a spring/mass systems, with properties 
defined by the lengths and diameters of the intake runners and primary exhaust branches 
respectively. It is a single cylinder lay-out which is subsequently multiplied by the amount 
of cylinders. We are aware that this is a simplification, that both intake manifold as well as 
exhaust configuration are more complex, but we are of the view that the gain in user 
friendliness and calculation speed significantly outweighs the loss in accuracy.  

 
Since all major F1 and Le Mans engine builders strongly rely on single cylinders for their 
development, we are strengthened that our approach is accurate enough.  
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The behaviour of the intake and exhaust dynamics of the model can be analysed in the 
figures above, where the grey area represents the relative position of the piston. This can 
be compared with the relative flow of the intake, represented by the white and the light 
grey lines. The light grey line monitors the flow of air in the middle of the intake runner. 
The white line shows the flow of air over the valves into the cylinder. So, where the white 
line ends (signifying that the valves are closed), indicates how much air has been trapped. 
The difference between the two lines demonstrates how much the intake air is compressed 
at the end of the intake runner, due to the dynamics. The orange line is cylinder pressure. 
 
The plots in the figure show the changing behaviour of the model due to increasing rpm. It 
can clearly be seen that due to favourable dynamics in this case, air delivery increases 
with speed over an extended range. This continues until the point where the resistance of 
the valves and the time available from cam duration combine to leave the cylinder “short of 
breath”. Furthermore, the figures show that with increasing rpm, the dynamics become 
more volatile, evident from the larger cylinder pressure changes. A different combination of 
intake dimensions and cam timing would change these characteristics. 
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The result of the intake and exhaust dynamics is a fill rate of the cylinder in combination 
with a fresh air ratio. The results for the rpm sweep can be seen in the figure on the left. 
The white line represents the cylinder fill ratio and grey line the fresh air ratio. It can be 
seen that the dynamic effects dominate from 4000 rpm onwards, whereas the resistance 
of the valves start to limit the amount of air entering the cylinder when the engine revs 
above 7500. 
 
Clicking in this figure on the bottom left of the GUI, will updates the top left figure for the 
selected rpm position. 
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Two-zone burn model 
 
With the amount of fresh air and the residual exhaust gasses in the combustion chamber 
determined, the compression and expansion strokes can be calculated. As the end of the 
compression stroke approaches, combustion is initiated. Combustion is neither an instant 
nor a constant process.  

 
The two zones are: a fresh mixture zone and the zone of burned mixture. Each zone has 
its own temperatures as a degree of freedom. The burn speed of the fresh mixture zone 
depends mainly on the instantaneous temperature of the burned gas, as well as the 
temperature and pressure of the unburned gas. The model takes the amount of turbulence 
in the combustion chamber into account, by looking at the air speed over the valves. 
 
Clicking in the top left figure of the GUI updates the right figure with the subsequent burn 
sequence. In this burn sequence the temperature of the unburned mixture is represented 
by the light grey line. The white line is the pressure in the cylinder and the orange line the 
average temperature of the burned and unburned mixture. The grey area in the background 
shows the amount of mixture which is burned.  
 
With the two-zone method, the form and size of the chamber geometry has an influence 
on burn progression. A smaller bore, for instance, will lead to shorter burn duration. A bad 
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chamber shape will lead to longer burn duration and thereby an efficiency loss. The user 
determines the shape of the combustion chamber not just by bore, stroke and compression 
ratio, but with chamber height and radius too. 
 
 
 
 
 
 
 
 
 
 
 
 
Since the burn speed is a degree of freedom based on parameters in each zone, the 
model can calculate the influence of advancing or retarding the ignition. 
 

A feature of the model is an ignition 
reduction curve, displayed in the top 
left figure on the GUI for full load @ 
6000 rpm for this engine. The model 
makes an ignition sweep and shows 

the resulting torque for each ignition point. In the figure, the orange zone indicates that 
knocking occurs.  
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720˚ Cylinder pressure diagram 
 
With the combustion modelled, all the parts can be combined, generating a pressure curve 
over the full 720 degrees of crankshaft rotation. Integration of the pressure curve over 
these 720 crank degrees gives indicated torque, automatically integrating the pumping 
losses. Only the mechanical losses, identified by the user as an engine braking torque, 
need to be subtracted from the indicated torque in order to calculate the flywheel output 
torque. 
 
 
 
 
 
 
 
 

 
 
 
The figure on the middle of this page shows an overview of the pressure diagrams for 
several rpm levels, to analyse the functioning of the model. Please note that the y-axis 
has a logarithmic scaling. It can be seen that the pumping losses at low rpm are very 
small, whereas they become a significant at higher rpm levels. However, the log scale 
accentuates this to purposefully show the pumping losses. 
 
The pressure trace different colours to amplify the engine’s operational performance. When 
either the intake or the exhaust valve is open, the colour is white. When both are closed, 
the colour is grey. When the mixture is burned, the colour is orange. Additionally, the 
maximum cylinder pressure is noted in orange.  
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Furthermore, it can be seen that due to the early opening of the exhaust to suit high-
speed running, not all of the energy in the expansion stroke is used at low rpm. This is 
evident from the sudden reduction of pressure to atmospheric before the piston has 
reached BDC. 
 
From 5000 [rpm] onwards, it can be seen that at TDC with both valves opened, the 
inertia of the exhaust gasses creates low pressure in the cylinder, thereby helping the 
acceleration of the intake air.  
 
 

 Resulting Torque, Power and Efficiency curve 
 
Integration of the cylinder pressure over 720˚ for each rpm step leads to an engine torque 
diagram for the complete rpm range. Power is calculated from torque and rpm. The ignition 
angle is plotted in white on the bottom of the figure.  

 
This predicted torque curve can be transferred to the engine menu in LapSim with by 
pressing the     Use Calculated Characteristic in LapSim      button and subsequently a 
lap simulation can be performed. 
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LapSim Hybrid 
 
The hybrid functionality was developed in the time when hybrid race cars were still being 
developed, a few running prototypes as an exceptions. The approach followed in LapSim 
was in line with this “State-of-the-art” at that time.  
 
At current date, the hybrid race cars have evolved to real high tech power units, where 
especially exhaust energy recovery play a major role. The teams who develop those cars 
have their own simulation departments. So the potential customer base for a Hybrid 
License is very limited to even non-existent. The description on the following pages has 
the intention to give you an impression what is currently available. Should it be of interest 
to you, or your project, please let us know. 
 
The hybrid menu can be found under Drivetrain Parameters. On the left one specifies the 
efficiency of the energy storage device. In the middle column one can chose between one 
electro motor in conjunction with the engine, or a concept of two electro motors integrated 
the front wheels. Just push the button to shift between either configuration. 
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Electromotor characteristic 

 
It is assumed that the electro motor has a 
constant torque till the maximum power point. 
Both this maximum power rpm as well as the 
actual power is specified.  
 
 
When the electro motor is used above the maximum power point, it the characteristic of 
the electro motor is such that the power decreases. At double the rpm where the maximum 
power occurs, the power of the electro motor is decreased to zero.  

 
 
This characteristic can be seen in the simulation results in the figure above. The third 
graph from top shows the hybrid power. Here one sees the influence of the electromotor 
characteristic. Additionally one can specify the efficiency of the electro motor, both when 
delivering power as well when used as a generator.  
 
In the last column one specifies the ratio between electromotor and the engine, or in case 
of the electromotor in the front wheels, the ration between electro motor and the front 
wheel. The second parameter in the last column is the friction loss of the electromotor 
when it is not engaged but turned. This is specified as a percentage of the max power.  
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The brake input parameter specifies how the braking force of the electromotor relates to 
the brake force of the standard brakes. This is done in order to have a drivable solution. 
The higher the factor, the faster the electromotor is engaged when braking. Factor 2 
means that the braking force of the rear wheels is tripled by the electromotor, till the 
electromotor reaches its maximum torque. Factor 1 means the braking force is doubled.  
 
In the figure above one can see a comparison between factor 1 and factor 2. Look at the 
middle figure, “Hybrid Bias [%]”. It can be seen that with factor 1 (white line), the hybrid 
bias is maximum 50% (1:2). With factor 2 (black line) the maximum bias is 66% (2:3).  
 
The figure below shows the hybrid results of a complete lap. Top figure is the power 
control of the hybrid system, positive is boost, negative is recovery. Hybrid bias is only 
calculated under braking. The third figure shows hybrid power, again positive is boost, 
negative is recovery. The fourth and bottom figure shows the momentary energy in the 
storage medium. In the title there is feedback from LapSim if it was able to boost all the 
recovered energy in the same lap.  
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Torque vectoring 
 
When LapSim is switched into a mode with 2 front wheel electro motors, one can see that 
the electromotor characteristic is shifted to the front wheel of the vehicle.  With E-motors in 
the front wheels, the option appears to use torque vectoring. 1 means maximum torque 
vectoring, 0 means no torque vectoring.  
 

 
 
The ratio is in this case the ratio between electromotor and wheel. 
 

Exhaust energy recovery system 
 
There is also the option to simulate the influence of and exhaust energy recovery system. 
This can be edited in the middle column. It is assumed that the amount of energy out of 
the exhaust is linear to the momentary energy the engine delivers. Secondly one should 
specify how much relative power loss the combustion engine has due to the extra 
resistance the exhaust gas energy recovery system creates. 
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Boost Strategy 
 

Additionally one can specify the boost 
strategy of the hybrid system. In the track 
figure in the GUI, the corners where boost 
is delivered are made orange. In the list box 
one sees an overview of the corners where 
there is boost and in which one where there 
is no boost. By selecting a corner in the list 
box, one can change the boost parameter 
for this corner from 0 to 100% and vice 
versa.  

 
With this setup, it is easy to simulate what the advantage is of not boosting in a certain 
corner. LapSim will always try to boost all the energy which is recovered in one lap.  

 


