
Vehicle modelling basics – the bare essentials 
 
In one of my previous articles I wrote about the dangers of ready made simulation. In 
that article I explored at length the dangers of relying on others to do your modelling 
work for and how it can be very detrimental, not just if they get it wrong but the fact 
that it robs the end user the informative process of putting a vehicle model. 
 
Before I dive into this let me outline my views on ready made simulation. Ready 
made simulation does have its place. Indeed as I said in my last article from a 
commercial stand point simulation companies would be mad not to contemplate it. In 
my view where ready made simulation has its place is in club/amateur motorsports 
where the end user needs directions or when someone is just starting out in 
professional motorsports. However for professional motor racing teams, ready made 
simulations are utterly inappropriate and I’m going to outline why. 
 
If I can be perfectly blunt about this, quite frankly putting a vehicle model together 
should be one of the first things a race team needs to do if they are serious about 
winning and protecting themselves from wayward drivers. I have commented in the 
past that with the emergence of spec formula, this puts even greater emphasis on 
knowing your car inside out, and quite frankly punching a few numbers using 
software you have no idea where the numbers came from simply doesn’t cut the 
mustard.  
 
The purpose of this article is to give you a check list of what needs to be done to put a 
vehicle model together. As far as I am concerned what I am about to outline to you is 
not just straight forward it never ceases to amaze me how many people simply don’t 
do it. Also what I am outlining here as far as I am concerned is what any responsible 
race team should be doing anyway. Also as you will see what I am about to outline is 
not rocket science. It’s just a matter of using a bit of common sense and attention to 
detail. Furthermore it actually doesn’t take you that long. We are talking a week’s job 
at maximum. 
 
On a personal note I must apologise to some of my readers who where expecting one 
of my brain snapping articles where I use fancy mathematics to delve into the 
mysteries of vehicle dynamics. I was hoping this month to write an article on 
parameterising the ChassisSim v3 tyre model. However this is on hold because over 
the past couple of months I have been observing with considerable alarm just how 
dumbed down our industry has become. One of the greatest myths I have seen is race 
car simulation is way too hard and there is no way we could possibly do it. You’re 
about to see that this is nothing more and less than just sheer and unadulterated 
rubbish. 
  
Also the techniques I’m about to show you haven’t been dredged up from a text book. 
What you are about to read is what I’ve actually done in the field, and in a lot of cases 
when I’ve literally just stepped off a long haul flight. I do have to laugh when I show 
some people the correlation I get in ChassisSim they are absolutely convinced I have 
laser measured everything on some fancy K&C rig. In reality I’ve used a tape 
measure, verniers and an awful lot of attention to detail. 
 



The first step in vehicle modelling is to measure up the car. The best method is to get 
the car on the flat patch, loaded up with the equivalent driver weight on fuel with hot 
running tyre pressures with the baseline setup. If the car has a floor on it, take it off if 
you can. In an ideal world what you would actually do is measure the rolling radius, 
design a set of very thin setup wheels on the tread centreline, and get a machine shop 
to manufacture them for you. 
 
Once the car is on the setup patch the first order of business is to measure the 
wheelbase and front and rear tracks. Let me illustrate what this looks like in Figure 1 
 

 
Fig-1: Measuring wheelbase and tracks 
 
To measure the tracks we are measuring tyre centreline to tyre centreline. While not 
strictly accurate to the say a 1/10th of a millimetre because of contact patch variations 
it nonetheless is a good accurate measure for engineering calculation purposes. The 
wheelbase is measured from axle centreline. If the car is really asymmetric you’ll 
have to do this for both sides. It is also imperative that you record the ride heights at 
this point. 
 
The next step is to measure the suspension geometry. This is one of these jobs that a 
lot of people think whoa this is really difficult. It actually isn’t, it you just need to be 
patient and thorough and be systemised about the references you are using. Let’s 
continue our discussion by measuring the car on our setup pad. A really effective 
short cut I have found for a symmetric car is this little worksheet. Let me illustrate 
this in Fig-2, 



 
Fig-2 – Suspension Geometry measure sheet. 
 
All the dimensions here are in mm. For convenience and to make the picture easier 
I’ve omitted pushrod locations, steering arms etc. The effective thing about this is 
because you are measuring the points across you get a very good measure, and you 
also cut down inaccuracies, because to get the y co-ordinates all you half to do is 
divide by 2. Also by measuring the points to an obvious reference (in this case the 
front bulkhead and the ground) it cuts out a great deal of error. 
 
A useful thing I like to do is when I’m measuring suspension geometry is that I will 
have WinGeo, SusProg or the ChassisSim suspension geometry calculator open. 
When I’ve made my first cut of measurement I will then plug the co-ordinates and see 
what the geometry looks like. For ease of illustration I’ll use the ChassisSim 
suspension geometry calculator. This is illustrated in Fig-3, 
 



 
Fig-3 – ChassisSim suspension geometry dialog with suspension geometry calculator. 
 
Typically I’ll hit analyse configuration. If I have screwed up the calculated values will 
look really silly! If the numbers are funny that’s your cue to re measure the geometry. 
 
Once we are done with this our next step is to determine the car weight, weight 
distribution and centre of gravity height. Determining total mass and weight 
distribution is one of the most straight forward calculations will do. This is outlined in 
equation 1 
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Here mt is the total mass and wdf is the weight distribution at the front and FLw etc 
are the corner weights. Determining the centre of gravity height can be a little bit 
trickier but it is not possible. You can calculate by summing up the individual centre 
of gravity heights, using the following equation, 
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Here mi and hi are the individual mass and cg height components. However a very 
successful approach I’ve seen is to prop the car on its side until it is perfectly 
balanced. This is illustrated in Fig-4 
 
 

 
Fig-4 – Balancing a car on its side to determine the centre of gravity height. 
 
The centre of gravity height in the symmetric car case is given by, 
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Here we have the following, 
 h = Centre of gravity height 

tm = Mean track of the car. This is the effective track at the centre of 
gravity. 

t_off = This is typically half the tread width, but a little bit more if the tyres 
are cradled by angle iron. 

 φ = The angle the car is making to the ground as shown in Fig-4. 
 
Before you all baulk at this technique I’ve seen this done on a 1500kg stock car. The 
trick is you pump the tyres up and use a bit of angle iron to cradle the tyres. 
 
Once we have this measured the next step in the process is to locate the car’s true zero 
state. A car’s true zero state is with it just touching the ground with the corner weight 
scale reading zero. Use a car jack placed at either end of the car to measure this. Once 
you have achieved this, if the car has coil over springs, measure the spring 
compression, or if you have good data logging, just zero the damper displacements. 
The reason we need to know this is this is the point where we will be measuring bump 
steer and motion ratios from. 
 
To measure motion ratios what you need to be doing is measuring damper vs wheel 
displacements from full droop to full bump. When you are done you will get a curve 
that looks like this. 
 



 
Fig-5 – Damper vs Wheel displacement 
 
Strictly speaking will I have shown this in mm we really should be looking at this in 
m, but that’s being really fussy. The reason this curve is so important is the slope of 
this curve gives us the motion ratios, which is absolutely critical in determining the 
springing for the car. To measure the bar motion ratios, we walk through an identical 
process, except this time we are looking at how the bar drop link as opposed to 
damper displacement is looking. Also for the bar measurement our zero point is the 
car zeroed on the ground. 
 
Our bump steer is measured exactly the same way as the motion ratio. This time we 
are measuring wheel displacement vs steer angle and we zero the steer angle when we 
get to the ground zero.  
 
The question should be asked why bother measuring this when we have geometry 
programs that can do it for us? In my experience this forms a vital sanity check to 
ensure something hasn’t gone wrong. I can tell you from experience if you get the 
motion ratios wrong, it has a very significant knock on effect. 
 
The next step in the process is to get the basic tyre information. In particular what we 
are after is tyre spring rate, and rolling tyre radius. Fortunately most motorsport tyre 
manufactures will provide this information for you. If they don’t measuring this data 
is quite straightforward. Ideally you would construct a rig and load in the different 
tyre pressures and do a load sweep and record the deflections from the ground to the 
axle line. This will allow you to construct the information yourself. 
 
Our next step along the way is to get an engine max horsepower curve. There are 
number of ways this can be achieved, 



• Ask your engine builder very nicely for one. Also in my experience a good 
bottle of wine never goes astray. 

• Put the car on a rolling road dyno. This is ideal because you can put the engine 
efficiency as 1. 

• If you have an awful lot of money install engine torque sensors. 
• Guess. 

 
The first three options are pretty self explanatory, the fourth option while it sounds 
suspect can be made too work reasonably well. You just need to know what you are 
doing. Most series will quote max horsepower at a specified RPM and will give some 
sort of indication where the max torque lies. Here you just need to do a little grunt 
work and use a bit of common sense. Is this perfect, now but it will get you close to 
something that is half useable. I’ve had to do it myself a number of times. Also if 
you’re afraid of getting lost, take your curve to a typical engine performance and ask 
the engine tuner what they think. 
 
Before I discuss aero and tyres I want to discuss some data house keeping first. The 
thing I really like about race car simulation is that it forces you to be very deliberate 
with both your sensor management and practices. This is a really good thing because 
it means there are no ifs, buts or maybes. 
 
The first thing that simulation forces you to do is that it forces you to calibrate your 
sensors correctly. If you don’t I guarantee you will be chasing your tail. You can put 
that one in the bank. 
 
The second thing is that to use simulation you zero on the ground as opposed to the 
air. This is something during my career I have gone back and forth, and something I 
have discussed at length with my customers in fields as diverse as V8 Supercars, F3 
and IRL. Even though in theory the car’s true zero point is at full droop just as it is 
about to connect with the ground, this is why in my experience you should be zeroing 
on the ground, 

• Getting a consistent reading in the air will always be difficult. There is always 
going to be differing compliances, asymmetric preloads as your playing with 
platform heights. 

• It also greatly simplifies any hand calcs you have to do. This is particular 
apparent with the aero. 

 
The question is though how do we grab a good zero point. In my experience a really 
good place to zero is as the car is trundling down the pitlane on the speed limiter. To 
illustrate this consider Fig-6, 
 



 
Fig-6 – Places where you should be zeroing 
 
You know when you have it right, particular on a symmetric car is that when you are 
going down the straight the damper displacements will be close to identical. The 
reason I have chosen this as a place to 0 is that on paper we really should be zeroing 
as the car comes off the jacks. However in my experience as you are going down the 
straight you know for sure you are definitely logging and getting a good signal. 
 
Let us now discuss how we are going to discuss classifying the aero. About two years 
a go I wrote a detailed article on how to classify an aeromap. Quite frankly if a junior 
data engineer can’t understand this then I hate to say this other professions beckon. I 
have no desire to repeat myself here.  
 
However what I will do is give you a worked example of where to start. When 
starting the vehicle model, the best thing to do is to take a hand calc of the car at the 
fastest point on the circuit and fix this aero load, drag and distribution at this point for 
your first simulation. Is this ideal, no. However what it does is it gives you are start 
point but more importantly it really builds up in the data engineer a really good 
instinct of where the numbers are. 
 
Let’s walk through an example. I’ll present the numbers we’ll be working with in 
Table-1.  
 

Item Quantity 
Front Motion Ratio 0.9 
Rear Motion Ratio 0.8 
FL Damper/FR Damper 10mm/10mm 
FL Damper/FR Damper 15mm/15mm 
Front spring 140.1 N/mm (800 lbf/in) 
Front spring 140.1 N/mm (800 lbf/in) 
Torque at RPM 200 Nm 
Rolling tyre radius 0.28m 
ax 0g 
Vx 220km/h 



Gear ratio value 3 
mt 500kg 
h 0.3m 
wb 2.6m 

Table-1 – Sample values for an aero hand calculation. 
 
Here all motion ratios are Damper on wheel, and the gear ratio is Engine/Wheel 
velocity and for simplicity I’ve omitted bump rubbers. Crunching the numbers we see, 
 

( )

( )

937.0
)6.3/220(*225.1*5.0

08.955028.0/200*3
)6.3/220(*225.1*5.0

/*
%9.42

4.33628.2521
6.2

3.008.95008.2521
100

Re
100

57.2
)6.3/220(*225.1*5.0

Re
4.3362

)1515(*1.140*8.0
__Re

8.2521
)1010(*1.140*9.0

__

2

2

2

=

⋅⋅−
=

⋅⋅−
=

=

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

+

⋅⋅⋅
+

⋅=

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

+

⋅⋅⋅
+

⋅=

=

+
=

=
+=

+⋅⋅=
=

+=

+⋅⋅=

xtt
D

x

L

rr

ff

agmrTgr
AC

earDownforceFtDownforc
wb

hagmt
eFtDownforc

AeroBal

earDownforceFtDownforcAC

N

DampRRDampRLkMRearDownforc
N

DampFRDampFLkMReFtDownforc

 

 
As can be seen what we are talking about here is some pretty simple high school level 
maths that will tell you so much about what the car is doing. One of the things that 
still shocks me to the core is the number of race and data engineers who simply can’t 
quantify their aero, yet the maths for it is child’s play. 
 
The last topic in our hit list is tyres. A couple of issues a go I discussed a very useful 
technique for deriving a tyre model from nothing. It would be pointless for me to 
repeat myself here but once again the maths and the procedure for it is using a lot of 
high school level maths combined with reading the data. Again this is not rocket 
science, it is simply attention to detail and doing your homework. 
 



In closing then what we have outlined here is a straight forward and sequential plan 
for deriving a race car vehicle model. Our process here has been to measure up the 
car, deduce the centre of gravity location, Deduce the motion ratios and bump steer 
and then using our data to reverse engineer the aero and the tyres. Even if you never 
run a simulation at all, the information that you’ll find is absolute gold because it will 
tell you so much of what your car is capable off. Furthermore the techniques involved 
in doing this is not rocket science. It just uses common sense and an awful amount of 
attention detail. It is this that lays the foundation for race wins, in this business there 
are no shortcuts. 


