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“T o start with, the first thing a beginner should do, as far as stting uphis car is concerned, is
complete as many possible laps without worrying aout other drivers. He must try to learn all
abou the ar, systematically changing key mmponents to see how they affect it: try a different
anti-roll bar, softer then harder springs, adust aerodynamic downforce, that sort of thing. Even
in the junior formulae, driving skill alone is not enough, so you must know how to get the most
out of your chassis. At that skill level, you can probably gain a second per lap through skillful
driving, bu lose threetimes as much by setting up the ar incorrectly.”

Alain Prost from hisbodk “Competition Driving’
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Forward

First off: this guide will not make you a faster driver! Unfortunately, thereis no quick fix for that.
There is no substitute for logging the laps that make your readionsto the ca become secnd nature. There
isno quick way to lean a new circuit so you can concentrate totally on what the ca is doing at any given
point intime. The only way to be faster isto pradice, read, lean, and pradice some more.

What this guide can help you with, is understanding the various components involved in car setup,
and why their adjustments affed what they do. In other words, the guide will give you the knowledge with
which to creae afaster car. After that, you still must drive the ca to itslimit!

And what makes a ca fast? Well that depends on the driver and his technique. Some drivers
prefer a lightly understeering car that reminds them gently where the limit is. Others have a more
aggressve style and prefers to use overstee to stee the ca from both ends. And here is what’s tricky:
there is not one defining setup that is faster than any other setup for everyone. It's whatever gives a
particular driver the confidenceto drive aparticular car at itslimit. One thing is for sure, as you lean what
settings work well for your style, you can generally apply those setup philosophies to most cars with
desirable results.

This guide will refer to weight transfer over and over again. An F1 car has a minimum weight
limit of 600Kg. That weight is subjed to the laws of physics, and manipulating that weight is the science...
no, make that voodoq of car setup. The ultimate goal isto load that weight into the cas contact with eath,
itstires, as evenly as possible & all times thus generating the tire temperatures that are deemed optimum for
grip. Asthe ca pitches (movement forward and badkward) and rolls (movement from side to side) under
acceeration, braking and cornering, this weight transfer must be manipulated to your advantage. Keep this
inmind at all times because it is the name of the game.

This guide will not get into hotlapping. We will instead, focus on setting p the ca for good solid,
consistent performance However, it shouldn't be too hard to push the principles outlined here to their
limits and learn how and why those hotlap setups work.

The guide is divided into two basic parts: Part 1 will focus on al the various parts and pieces of
the ca, explain their principle roles and what they do, and give abrief setup guideline for ead. It is the
goal of the first part of this guide to give you a better understanding of what these components are, so you
can better understand how and why to adjust them. Part 2 will be atesting session at Silverstone feauring
the Arrows A-23 where we' Il go over, in detail, all things discussed in the 1% part, while dharting the effeds
and |aptimes while we sort out the ca and develop awell balanced, competitive setup.

Let’s begin...



Aerodynamics

Aerodynamics is the single most important asped of a modern day Formula 1 car. Much of the
design budget is devoted towards shaping airflow over, under and around the ca. Not only isairflow
crucia in generating downforce with the lowest passble drag coefficient, but also servesto coal several
systemsincluding brakes, engine and transmission. The most often adjusted aaodynamic ads (at a Grand
Prix circuit) are the front and rea wings and car ride-height.

Wings

The wings on an F1 ca are not truly wings, as they do not achieve their downforce from purely
airfoil 1ow-pressure principles (United States CART and IRL series cars do in fad use arfoil wings in
super-speedway trim). Wings on an F1 car are more like spailers, in that they spail the arflow in order to
crede downforce This goiled airflow therefore aedes its downforce d the st of aeodynamic friction,
or drag.

Therea wingisawaysa compromise of rear downforcevs. top speed. High downforce settings
produce serious drag, therefore grealy hindering the castop speal. When setting rea wing angles, you
should always try to oltain maximum rea downforce without impading the cas ability to read a
competitive top speed.

The front wings do not impad drag much, even at their highest downforce settings. Therefore, the
rule of thumb isto use & grea a front wing angle a possble without upsetting the cas rea-end balance
While not done often, the front wings are aljustable during a Grand Prix pit stop.



Brake and engine wdling

Brakes and radiators require dr at the cost of upsetting the arflow around the ca and creding
drag. Inside and sightly ahead of ead hub/whed assembly, are the brakes coding ducts. These ducts are
necessary to force @al air over the brake discs. They come in seven variationsin size. We'll cover brake
temperatures in the later sedion on brake wea.

The ca also sports twin radiators whose arflow entry is at the front of the sidepods. These
openings can be made larger or smaller depending on the drcuit and radiator size. The smaller the inlet,
the lessfriction is creaed as airflow is allowed to passalong the cas dippery sculptured body pieces. As
a side note: The engine runs the most efficiently at its optimum temperature of 107.3 °C. Overheaing
beginsat 1106 °C and, by 1139 °C the engine life expedancy is cut to 50

Ride height (rear diffuser)

Airflow underneah the ca is another source of downforce, particularly at the rea of the ca. The
airflow close to the ground is meticulously channeled under and around the plank. This airflow, due to the
small gap between the ca and road is highly pressurized from its “venturi” effed. From here, the dr is
accéerated by means of the rea diffuser. The diffuser design cdculates the amount of spaceunderneah
the ca, then sculpts an exit of increasing spatial volume. Much like an aircraft wing creaes lift from low-
presaure by accéerating airflow over its tapered surface the diffuser credes this low-pressure accéeration
at the rea of the ca, and in the oppaite diredion, as the undercar airflow is literally pulled out from
underneath. This suction causes downforcewithout any drag penalty. Thereforeit's very, very efficient.

This low-pressure downforce increases as the ride height deaeases. This is why we want to run
the ca as low to the ground as posshle without drastically affeding plank wea. Ride height is initialy
dictated by spring rates, which themselves are seleded for handling charaderistics. Then the cas ride-
height is fine-tuned by the ride-height adjustments on the suspension push rods (see picture on following

page).

General principles:

Wing (rear): Ashigh adegree & possble without effeding the ca's competitive, straight-line speed.
Wing (front): Ashigh adegree & possbleto balancethe rear downforce

Ride height: Should be setup aslow as posshle without adversely effeding plank wea.




Suspension (overview)

The suspension of an F1 car is comprised of a complex set of hardware components. First there's
the upper and lower control A-arms, or wishbones. These ae the triangular, black carbon/fiber or sted
pieces, which attach the whed/hub assembly to the chassis. These ae hinged bah at the chasds and the
whed/hub assembly and provide the radius on which the whed travels up and down. Usualy by design,
the wishbones run roughly parall €l to the track surfaceand are aeodynamicdly shaped.

The push rods run diagonally from the bottom of either whed/hub/lower wishbone, up to the
chassis where through a cmplex pivotal rocker arm, it interfaces with the springs, dampers and anti-roll
bar (seebelow right). The push rod transfers the weight of the ca into the spring and damper assemblies.
The push rod is also the point at which ride height is fine-tuned. Height adjustments are made via an
adjustment nut where the push rod penetrates the body.

Also running parallel to the front edge of the upper wishbones are the steaing arms. These
conned the upper front section of the whed/hub assembly to the steeing box located in the nose of the ca,
which houses the steaing ratio gea. The geaing of this unit dictates the steering lock. This point also
all ows the setting of the front wheds toe aljustments.

Altering the front ride height Push rod, dampers and padcers

The front springs and dampers reside under a mver-plate located on the nose of the ca, just aheal
of the driver's cockpit opening. When this panel is removed, crew can acessthe dl hardware including
front springs, dampers and paders.

“In motor racing, including
Formula 1, you must always
reach a compromise between the
various settings which affed the
performance of the car. There
is no clearly defined procedure
that will allow you to find the
most effedive satup in a
scientific and dependable way”

Ayrton Senna from his
bodk “Principles of Race Driving’



It's vital to make apaint at this time. When adjusting suspension components, more so than at
any other time, you redly are balancing understee and overstee from al 4 corners of the ca. Becaise the
springs and dampers aff ect weight transfer, it is posgble to dramaticdly, and diredly affed the front of the
ca by adjusting the rear. And vise versa. In other instances, such as wings for example, even though
understee and overstea are used as descriptors, youre acdually only affeding the spedfic end of the ca
where the ajustment is being made. It's becaise of the cmmplexity of the suspension, it's important that
you fully understand all the cmponents and their spedfic purposes.

Springs

Springs dore energy by absorbing or defleding force That is, when weight is transferred, the
resulting energy is gored temporarily within the springs of the ca until the weight is returned to its gatic
state. At this point, the springs merely store the energy resulting from the ca's weight under the force of
gravity.

2 sizes of torsion springs Top o installed spring and spring pivot

The springs on atypicd F1 car are not springs in the tradition coil sense, but rather “torsion bars’
(seepicture dove left). Rather than disdpate energy through a il, the torsion bar spring twists while
absorbing energy. The diameter of the spring indicates its torsion strength and therefore how much energy
it can store. In general, the spring's drength ranges from 100 N/mm to 250N/mm (a mnversion table is
locaed in the “References and Resources’ pages for conversion into imperial |bs.). The bottom of the
spring is fixed to the chassis, while the top is attached to the push rod rocker arm (above picture on right)
via ashort conneding arm. In the rea of the ca, the springs are enclosed on either side of the
geabox/differential. From the pictures, you can imagine exadly how easily the springs can be changed on
amodern F1 ca.

The spring's main function is to suspend the cas mass (thus being cdled “sprung mass’) while
establi shing a basic ride height, absorbing bumps and undulations, and controlling the motion of the vehicle
under weight transfer during accéeration, braking, and cornering. These ae aiticd functions, as due to
the increasing influence of modern aeodynamics, any drastic changes to the ca's pitch and attitude will
disrupt the aeodynamic downforce and overall efficiency.

Here's the basic principle: “ Softer” springs generally absorb more weight, therefore when the
weight is unloaded away from that corner of the ar, the spring unloads dower. This allows for better
grip because under weight transfer, by allowing the sprung weight to roll while lessenergy istransferred
from thetires. This howeve, comes at the cost of lower response time to driver input. “ Stiffer” springs
deflead weight because they load weight slower and unload it quicker. This increases driver response
time, but due to higher defledion under weight transfer can overload the tire quicker, thus producing
lessgrip. And remember; softer and stiffer are relative. In a modern F1 car, even the softest springs are
stiff by road car standards.



Dampers

Dampers, or shock absorbers, are oil-filled cylinders which control the movement of the springs
travel. Init's basic form a damper consists of a piston, piston rod, and the oil cylinder. The kinetic energy
from the piston movement is damped into the oil, resulting in increesed hea. Therefore, the damper
placement needs some form of codling, since excessive hea can effed the performance

Front dampers (blue) and padkers (white) Rea dampers

In above left picture, note the layout of the suspension. The lower left, larger ®hole® marks the
pivot point around which the push rod connedion interfaces with the spring and damper (viathe rocker arm
that originates from the pivot-point and conneds to the damper piston rod and spring connecting rod).
Note how the travel of the damper and the spring conneding rod runs parall el to one other.

Basicdly, the internal workings of the damper are & follows: The piston forces the oil to flow
through small holes in both the inner cylinder wall and through the ahim stacks® (which are diffusers
above and below the piston). When adjustments are made to the dampers, it affeds the size of the holes,
thereby regulating the oil resistance during piston travel. Adjustments to the 2slow resporse® ae made to
the shim stacks, while aljustments made to the various inner cylinder holes alter the damper #ast
response® Since the fluid in the damper is hydraulic oil (and allows for no compresdgon), an inert gas,
nitrogen is used to allow slight compresson as the damper piston travels.

Dampers control the way the springs read in the transition of loading and unloading energy.
Example: under severe braking, the front-end pitches down, and front ride height deaeases under weight
transfer. While the springs dictate the amount that the nose pitches down, the dampers control the rate
at which the pitch occurs. And of course, this appliesto all transfer of weight during acceeration, braking
and cornering.

Dampers on an F1 car are 4-way adjustable. You may adjust the slow and fast response of the
FBump°movement (energy loading into the springs), and the slow and fast response to the ebound®
movement (energy unoading out of the springs). The terms fast and slow do not correlate to the speed of
the ca, but rather the speed dof the piston's travel within the g/linder under the force of the push rods
energy transfer. An easy methodto analyzethisis as follows: slow damping aff eds the weight transfer of
the ars gprung mass(chasss pitch and roll) on the springs; fast damping controls the springs response
to the defledtion of the aars unsprung weight (the tire/'whed/hub asembly reaction to bumps). In other
words, slow fine-tunes the arnering balance, fast fine-tunes the cas abili ty to handle over bumpy surfaces.

Dampers are the most finely tuned adjustments made to the suspension. The dampers should be
the finishing touches to a well-crafted car setup. Because the nature of the dampers is  criticd to the
ultimate performance of the raceca, | suggest realing as much as possble on thistopic. A grea resource
for thisand ather technicd topicsis the website @Technicd F1°. It islisted (along with many more) in the
chapter titled @References and Resources’.
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Packers

Padkers are composite spaca<s® placed on the piston rod o the dampers. The paders are alast
ditch effort to keegp the plank underneah the ca from being damaged. When the suspension push rod
moves up with extreme force, compressing the spring and dampers to their maximum, the padker stops the
travel of the suspension by impading the damper cylinder body and the bump rubber (yellow rubber seds
in previous picture on the left). If you look closely at the picture on the previous page, youll see the
paders are freeto move dong the damper piston rods. Padkers range from 0.0 cm to 4.0 cm in the front
and 0.0 cmto 80 cm at the rea. The padkers on the previous page gpea to be éout 2.0 cm.

Anti-roll bars

So far, the springs, dampers, and packers are grouped where eat whed/tire has independent
control. And even thoudh all 4 corners of the ca are cmmpletely independent, most adjustments to these
components are made symmetricaly, with both left and right front spring/damper settings adjusted the
same and bah left and right rea spring/damper settings adjusted the same. This way, they handle the
transfer of weight from front to badk very efficiently, and handle bumps at each whed extremely well. But,
weight transfer from inside to outside during steady state cornering is not yet at maximum efficiency. The
inside tires lose tradion whil e the outside tires load-up during cornering. Thisis where anti-roll bars come
into play.

2 sizes of anti-roll bars Therea bar couples here The front bar isin the nose

Anti-roll bars, like springs, are torsion bars on today's F1 machines. Here is how they work: the
anti-roll bar ties the left and right side springs and dampers together laterally. Remember the picture of the
front springs and dampers where | pointed out how they traveled parallel to ead other? Each end of the
anti-roll bar attaches via a onneding rod to the same rocker arm as the damper and springs; one end to the
left side, the other to the right. When the ca hits a dip in the road, bath wheds readion is roughly the
same (travelling Yo% then returning down), so the bar merely #olls® equally in the same diredion with
little to no effed. However in a turn, the weight transfer is from inside to outside. The inside wheds
travels down (losing sprung weight) as the inside springs releases energy under weight transfer and the
outside wheels travels up (remember the ca weight is rolling inside to outside) as the outside springs
absorbs more energy. This causes the anti-roll bar to twist its ends in oppasite diredions. This in turn
limits the dassis roll and suspension travel due to the anti-roll bar limiting the amount of oppaing
spring/damper energy loading/unloading, thus transferring some grip bad towards the inside of the turn
and the inside wheds.

Like springs, anti-roll bar strength is $ze depended. The range of anti-roll bars are 100 N/mm to
200 N/mmin 5 N/mm increments for the front and 50 N/mm to 130N/mm in 5 N/mm increments at the
rea. Noticethe front is generaly higher? In general front anti-roll bars, as well as grings, are stiffer than
thosein the rea of the ca are. Thisfadlit ates better front-end turn-in response and rear-end tradion under
corner turn-in and exit acceeration.
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Suspension: how it all workstogether

General principles:

Springs (Primary usage) Establish ride height and &oughin® the handling balance of the ca.
Springs (front): Use & diff aspring as possble for quick driver response and lowest possble ride height.
Springs (rear): Use & 2ft aspring as possble for better tradion under braking/turn-in and acceeration.

Dampers (Primary usage) Fine-tune handling by controlling spring loading/unloading over bumps and
under weight transfer.

Dampers (front): Use & ft a setting as possible for best front-end grip.

Dampers (rear): Use & giff a setting as possble for good high-speed cornering stability.

Slow settings: Controls gporung weight (chassis pitch and roll) during weight transfer.

Fast settings: Controls unsprung weight (tires and wheels) over bumps and kerbs.

Anti-roll bar (Primary usage) Limit chassisroll under steady state arner loading.
Anti-roll bar (front): Use as diff aroll bar as passgble for good corner turn-in stabili ty.
Anti-roll bar (rear): Use & 2ft aroll bar as possble for better tradion urder acceeration on exit.

All of these components work together creae mechanicd grip. Remember the objedive it to get
the tires up to their optimum operating temperature so they can produce their maximum grip. Those
temperatures are adired result of the weight loaded into the tire. While mechanicd grip daes asdst the
dominant agodynamics at high speeds, it redly contributes grealy at lower speeds when aeodynamic
downforceislessinfluential. Here's how the suspension contributes to mechanicd grip:

1. The springs establish a basic ride height and mechanical grip balance from front to rea.

2. Asthe ca brakes for aturn, lighter rea springs efficiently ded with the transferring weight from the
rea, allowing the suspension to maintain some rea-end grip by not fully uroading the tires. The
dampers control the springs transition and readions from sudden bumps that may upset that the
spring's abili ty to transfer this weight.

3. Oninitia turn-in, the dampers continue to control the transition of the springs as the weight transfer
shiftsfrom inside to outside on the chassis.

4. Asthe ca transits from turn-in to stealy state arnering, the anti-roll bars limit the chassis roll from
inside to outside, thus rel oading the inside tires with weight.

5. Asthe ca approades the exit of the turn, the anti-roll bars begin releasing their energy, pladng the
weight transfer back onto the springs under the mntrol of the dampers.

6. On exit as power isregplied to the rea tires, the weight transfers to the rea. The softer rea springs
now alow the rea to absorb that energy quicker and apply it towards maximum tradion under
accéeration.

Note: A compromise must always be obtained when setting up the ca. Example: Damper values st
too high when using soft spring rates will negate the spring rate dl together as they will control the loading
to such adegree & the spring never fully loads, or to a more detrimental degree unloads more rapidly. All
components should work together, ead one doing its gedfic part, and it's this synergy that allows the
most efficient handling of weight transfer over the various attributes of the given circuit. This guide will
demonstrate dl this at greaer detail i n the chapter 3Establishing a setup®.
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Tires

A formula ca has purpose-built radng tires. These tires come in five variations with an
asociated ogimum running temperature: aoft® (112 °C) and %hard® (114 °C) dry weaher tires, light-
treaded dntermediate® (109 °C) wet weaher tires, medium-treaded awet® (107 °C) rain tires, and deep-
treaded @monsoon® (105 °C) severerain tires. The genera rule is the softer the mmpound, the higher the
tires grip level. But the softer tire is more susceptible to hed therefore incressed wear. Wet weather tires
are usually softer than dry weaher tiresto maximize a cas grip in wet conditions, so dan't get caught on a
dry tradk with wet tires for long or youll quickly overhea and Hli ster them.

RaceAlex Advanced Garage Menu

Because the tires are the cas ole @mntad patches with the trak, we can lean a wedth of
information by taking temperature readings from each tire throughout a session. This is the single most
important physical indicaor of what the suspension isdoing. These realings are taken from threelocaions
aaossthe tire tread: inside edge, middle, and outside edge. In the @ove Tire Pressure and Camber menu
shot you can seethe tire temperature readings above and below their respedive tires. The realings are, as
if looking at the tire from above: outside temperature on top for the casright side and outside temperature
on the bottom for the ca's left side. Using these readings, you can accurately setup the tires camber angle
adjustments and tire presaure, as well as getting indicaions as to the dficiency of your spring rate and
damper choices. When all temperatures acoss a spedfic tire ae ejual, thisindicaes the tire contad patch
isaveraging flat against the track over alap.

The tires will achieve maximum grip when run at their associated optimum running temperatures.
The higher the temperatures, the more loading under weight transfer that tire is experiencing. The lower
the temperature, not enough weight is being loaded into the tire (or too much weight is being unloaded
from that tire).
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Camber and tire pressure

Camber adjustments and tire pressure settings allow us to fine-tune the tire contaa patch to the
road surface The canber adjustment fine-tunes how flat the tires contad patch is to the ground by tilting
the top d the whed/hub assembly towards or away from the chassis. With this in mind, the camber helps
us even out the individual tire wear based on temperature readings from the tires inside and outside edges.
Let'stake alook at the two camber adjustment extremes:

+2.0 degrees front camber -6.0 degrees front camber

The &ove left picture shows the maximum positive amber adjustment of +2.0 degrees (we
measure camber in degrees of the radius in which the whed tilts). Positive amber is where the top d the
whed/tire assembly leans away from the ca. Let's be honest here: you will probably never use positive
camber in a modern F1 radng car. In the @ove setting, the outside elges of the front tires will carry most
of the loading, therefore run much hotter than the rest of the tire. And that hea means greder tire wea to
the outside eldges, not to mention loss of grip from less tire cmntad. Remember the objedive is to
maximizetire grip and the beauty is that maximum grip means even temperatures acossthe tire.

On the other hand, the right picture shows an extreme amount of negative camber. Negative
camber is when the top d the whed/tire assembly leans in towards the ca. Under nominal conditions, this
extreme amount of negative camber setup will hea the inside edges of the tires prematurely and yield
uneven tire wea plus less than the maximum amount of mechanicd grip. However, some degree of
negative amber is the most efficient setting for maximizing tire grip. As the ca turns-in with a dight
amount of chassisroll, weight is transferred to the outside tires. The outside tire bares the majority of the
load during cornering. Negative caamber helps the outside tires move into a more perpendicular position
under this weight transfer.

One thing though: The amount of laps and how hard the car was pushed should aways be taken
into consideration when taking tire temperature readings. A setup with negative amber will be heaing
up tires inside edges under straight-line running. However this hea (tire wea) is insignificant to the
amount of hea built-up during herd cornering. Still, it raises an interesting observation. Should you apply
negative amber to a setup, then go out and run two laps at 80% of the cas ability (not redly pushing it),
your temperature readings might prove false information by showing hotter inside temps than when the ca
is being pushed hard. For best results, you should run at least threelaps at 95% of the cas ability before
expeding conclusive temperature readings.

Tire presarre is the way to increase or deaease the middle temperature realing (at the tires
‘crown’) on ead tire relative to the edges. In most upper forms of radng, nitrogen is used as the
presaurizing substance rather than air. Nitrogen being an inert gas has little fluctuation of pressure brought
on by temperature changes. Also, it's lesslikely to alow moisture to condense within the tire (which in
turn can cause atire imbalance).
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The sidewall of an F1 radng tireis fairly stiff, so if tire presare is low, the tire tends to bulge in
the sides (where it begins to bare the static weight of the ca) and pull the midde of the treads crown
inward towards the wheel rim. In this condition, the outside elges hea up more than the inside since
they're @mntading the road more than the center. Likewisg, if the tire is over-inflated, the middle of the
tires crown will protrude outward further than its two edges. In either casg, if thetire is not flat against the
tradk, the point that impacts greaest will generate higher temperatures under increased friction. The result
islessgrip, more wea.

Enough cannot be said about understanding the relationship between tire temperatures and camber
and tire presaure ajustments. It's vital that one cnsistently observes the tire temperatures during setup
changes, and more importantly, takes the time to analyze why they are & the temperatures monitored after
the laps.

All thisfadorsinto the suspension settings as well. If we ae to lower the spring rates, then it will
effect the amber adjustments. Since the softer springs absorb more weight, the static ride height lowers.
Under the suspension compresson, the tires begin to lean in as the wishbones move up. Thisin turn causes
the neal for a canber adjustment to counter the effeds and placethe tires badk perpendicular to the road
surface The processcontinuously cycles through. But dont worry, as you get the ca closer and closer to
your liking the changes will become smaller and smaller.

"The aim of a driver and his
team in setting up the ar is
to ensure that the tyres
operate in the best possible
condtions. Only in this way
will a tyre, which is one of
the fundamental components
of a Formula 1 car, perform
to the limit of its potential”

Ayrton Senna from his bodk
apPrinciples of Race Driving®

Toe-in

Toeisthe static angle of the wheds, as sen from above, as to whether they point in (leading edge
towards the ca, which is negative or toe-in) or out (leading edge away from the ca, which is positive or
toe-out). The reason most cars have abit of front negative toe, or toe-in, isto promote straight-line steeing
stability. If a ca wasto have O-degreetoe it would be very nervous on a straight road, wanting to dart and
wander at any little bump, rut or groove. By adding toe-in (negative toe), ead whed attempts to turn the
ca dnward® & al times. Thisin turn creaes that centering fed we have through the steeing whed and
promotes better straight-line stabili ty.

Rea toe is a highly debated topic. On the negative side, critics claim rea toe only adds to
incressed and uneven tire wea. And this comes with no discernable performance alvantage. On the
positive side, pundits claim a slight positive toe, or toe-out, at the rear can help stabili ze the rea of the ca
under acceéeration.

But be mindful; too much negative toe-in will heat the outside edges of the tires, creaing friction

and affeding speal to a small degree Excessive toe-out meanwhile will hed the tires inside edge. You
should counter these readions with small camber adjustments.
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Weight distribution

All Formula 1 designers attempt to deliver the ca under the legal 600Kg minimum weight limit
the FIA imposes. Thisis to allow the use of ballast to fine-tune the weight distribution of the ca for a
particular circuit. In fact, thisis such aregular pradicethese days that most Formula 1 cars are delivered to
the test track initially weighting less than a Formula 3 car.

With the advent of more stringent safety rules, the driver position has been pushed further bad in
recent yeas to reduceinjuries. Thisin turn has shifted the majority of weight towards the rea of the ca.
While weight distribution seams to be afix for this imbalance, it is smply not the cae for a number of
ressons. Foremost is the FIA rule stating that any ballast must be secured to the ca and non-movable.
This means F1 cars cannot take alvantage of weight-jadker systems and instead must have built-in
compartmentsto bdt the weight in around the ca. Thisdoeslimit the passhili ties ssmewhat.

The ided materials for ballast are depleted bars of Uranium, and Mallory. These materials are
very, very dense in relation to size making them ided to helping F1 teams conform to the FIA regulations
whil e giving them as many options towards placement as passble. Still compartments are very difficult to
design into the chasdgs, with most compartments placed under the drivers' legs in the nose of the ca. The
placement of the engine/transmission (as well as the fad that the majority of weight is arealy in the rea)
makes ball ast compartments in the rea not as popular of an option.

Because of this, weight distribution is a sublimely difficult thing to grasp. The weight typicdly is
adding tradion to the end of the ca that you shift it towards. This means that weight shifted towards the
rea will put less weight on the front end resulting in increasing urderstea. Shift it forward, and less
weight is distributed to the rea under accderation. Then again, it depends on how well balanced the setup
isinitially as it relies on spring and damper choices. So with thisin mind, weight distribution is a fine-
adjustment of the cas handling charaderistics. Typicdly, weight distribution is one of the final, finishing
touches to a setup, and sometimes that last-ditch effort to make astubbarn car turn good

In the simulation, ead car hasit's own distinct weight distribution. Thisis due to the various
engine weights and chassis designs. Distribution of the ball ast isin .5% increments forward or aft.

Weight distribution set furthest forward in the Arrows A23.
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Braking system (overview)

If Formula 1 is the pinnade of motor sports, then the braking system is the pe&k of that pinnacle.
Time and time aain upon recaving that elusive test sesgon from a Formula 1 team, drivers from other
formulae ¢imb from the ca afterwards absolute stunned by the ca's braking abiliti es.

The braking system of an F1 car is a cnventional hydraulic pressurized piston, pad, and disc
system. The driver applies forceto a pedal. This forceis then converted into presaurized hydraulic fluid
via apump attached to the dual master-cylinders (feading the front and rea brakes independently). These
cylinders feed pressurized fluid to eadth of the cas four individual brake cdipers (some designs have two
cdipers per whed making eight cdipers total). The fluid, under pressure, moves pistons (usualy 4 per
brake cdiper), that presscarbon fiber pads onto the rotating brake disc.

Brake presaure

Using add-on advance menus, it is possble to alter the brake system pressure (along with many
additional braking system fedures). The default is 80%. That's 20% stopping power you cannot harness
from the stock menus. Thisaloneisa gred reason to install one of the many advanced menus out there. |
routinely set the brake pressure a& 100%, only reducing it for extreme conditions, such as wet weaher.

It should be noted though, increased brake system pressure dso increases the brake wea rate. It is
best to increase presaure and regulate your braking technique to deaease brake wea. This way, you can
tap the full potential of the braking system at those moments when needed, such as alate braking pass.

RaceaAlex Advanced Garage Menu
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Formula cas do not use power assists within the braking system. The driver requires a very high
degreeof ¥ed® fed badk through the system in order for him to modulate the brakes, modulation being the
minute adjustment of pressure to prevent whed lock-up. Whed lock-up is undesirable, however since
optimum braking is the nth degree prior to lock-up, we do experience locked wheds from time to time.
Espedally when driving in anger!

Modulating this pressure is the trait of a top-flight radng driver. One moduation technique
espedally effedive is trail-braking. Trail-braking is the moduation of the brakes as © they lighten
progressvely during corner turn-in.  Since the weight transfer is difted forward, the rea end is prone to
‘step out' during this phase of cornering. This lightening of the pressure helps to prevent this and
effectively alows the driver to continue his braking further into the corner, sometimes even right up until
the moment that throttle is re-applied at the goex. This in turn alows more speeal to be caried into the
corner.

Another technique is the goplication of light throttle during turn-in while the brakes are still being
applied (this requires Plit axis pedal setups). This aggressive driving style in effed allows torque to the
rea wheds to semi-control the weight transfer forward during this critical time. And in extreme instances,
the goplicaion includes dhort bursts of throttle to induce overstee to tuck the nose in towards the gex.

Both of these techniques are very difficult to master and the latter somewhat controversial. Asthe
phil osophy of this guide is based more on setup and lesson technique, | reacommend that you seach you
favorite forum to lean more on mastering these techniques, particularly trail-braking, as it is commonly
used.

Brake Bias

Since the performance of a Formula 1 car is based on it's ability to exploit weight transfer, it is
necessary to ater the braking balance of the ca. When we dter the braking balance, we're merely shifting
the force of the brakes © as half the ca experiences more stoppng power to the wheds than the other.
The half we dways dift towards is the front for the simply reason that weight transfers to the front under
braking. We mmpensate becaise without this sift in bias, the transfer tends to makes the rea tires less
tradable.

The means of the setting braking basis via apivot connedion behind the brake pedal. This pivot

conneds the pedal to the twin master cylinder pistons. By altering the angle of this pivot, the driver
eff ectively adjusts how much of the pedal movement istransferred into which piston, which in turn adjusts
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the brake pressure independently. The ajustment of the brake bias is 9 criticd, it must be set by the
driver while driving the ca. A lever or knob in the aockpit sets the pivot angle ajustment. Typicdly, the
brakes bias is adjusted several times during a raceto compensate for varying fuel load, tire wea, and track
conditi ons.

With 50/50 kraking bias, the rear wheds will | ock prematurely as the weight shifts away from
them under braking causing the ca to overstea during corner entry. The rule of thumb is to set the greaest
amount of front bias without locking the front wheds under nominal braking conditions. Shifting this
forward however will increase the carstendency to understee on corner entry.

Brake wear

The two most common braking system problems are brake fade brought on by excessve heat and
system total failure brought on by excessive wea

Brakes require a cetain temperature to operate & maximum efficiency. Cold brakes do not have
the stopping force of aheaed disc. Optimum brake temperature is 550°C and at this temperature the brake
will produce the most amount of stopping force. However, since the stoppng friction credes hea, hea
then turns into a detriment, causing increased pad wea and %rake fade® or reduced stopping force
Above 550 °C brake fade begins progressively and by 1650 °C, the stopping force is haf of that
experienced at the optimum temperature. Running the brakes at close to their optimum temperature is
crucial. Altering the brake woaling duct sizes controls this. Add-on advance menus offer various brake
temperature readings for al four discsto aid in the aljustment of this tting.

In addition, add-on advanced menus monitor brake pad wea levels, by establishing the thickness
of the pads at the beginning of a run. After the run, the reduced pad thickness indicates the wear rate.
From here you can cdculate exadly how long the pads will last. Combined with the temperature readings,
you can predsely set the duct size for the required temperature to control brake wea for the cdculated race
length.

Discsize
Two sizes of brake discs are available using add-on advanced menus. The lighter brake discs are

used for qualifying as they reduce unsprung weight. They are gproximately 1/3“ the thickness of the
standard brake discs. Temperature is more difficult to control in these thin discs.
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Transmission (overview)

Modern Formula 1 cars employ alongitudinal inboard semi/fully automatic transmisson. Padde
shifters behind the steering whed are conneded to servo-valves, which allow eledricd connedions to run
to the rea of the ca to four aduators. The aduators then use hydraulics to move geabox seledor rods
which engage/disengage the seleded geas. A CPU control system operates the dutch, matches engine
revs and prohibits the system from shifting under potentially damaging conditions. This system also al ows
pre-programmed shift patterns for controlled downshifts, as well as fully automatic up and down shifting
options. These systems are cgable of shifting geas between 20to 40milliseconds.

Minardi's high tech die cat titanium geabox casing

A crucial asped to the geabox is the asing itself. This in part is becaise the geabox is a
structural part of the chassis, with rea suspension mounting points integrated. Titanium was the materia
of choice for construction, but these have since been evolved towards titanium alloys and even carbon
fiber, asin the cae of the arrent Arrows A23.

The geabox badltsto the bad of theengine. A few yeasbadk, geascould be dtered very rapidly
with older outboard geaboxes (this placed the geas aft of the differential where they could be accesd
from the rea of the ca), however today's gearboxes require éout 30 minutes to change out all 7 geas.
Ferrari recently have successully incorporated the gearbox into the main engine block casting processfor a
unified engine block/geabox design, further improving the rigidity of the ca.

Gearing

The transmisgons main function is to maximize the engine peak horsepower and torque bands
over the range of speals and road conditions the ca will encounter. It does this by altering the
spedfications of the forward speal gea cogs (FIA regulations alows from 4 to 7 spead geaboxes).
Today, most F1 cars eled to use dther 6 or 7 forward gea seledions. Each of these gea's when coupled
between the aankshaft and the differential alters the ratio at which the drive wheels gin. These wgs are
somewhat fragile and used for only one race ad sometimes replacel severa times during a raceweekend.
In addition to the forward geas, the FIA mandates that an F1 car must have & least a single reverse gea.
Intruth, this gea is of littl e mnsequenceto performance and therefore very lightweight and fragile.
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Each 8gea® is made up of two gea cogs that together make up aratio. One gea, the pinion gea,
is on the main shaft coming off the dutch. The other gea is on the output shaft, which is the shaft that
delivers the rotation to the differential. These geas (the ones on the main shaft and the ones on the output
shaft) are mated at all times, but only one gea ratio set is coupled to the output shaft at any time. Thisis
the gea you've seleded from the aockpit.

You basicdly have 69 dfferent avail able gea ratios to
choaose from, that's not including the 3 final drive geas for the
differential. Each gea isdesignated by two values. First there's
the XX/XX tag which is the numeric value representing that
spedfic geas. The two numbers represent the number of teeh
on both geas that make up the ratio. Then there is the
(XX .XXX) value, which is the final ratio of the selected gea
once @upled to the final drive gea ratio. This value tells you
how many revolutions the aankshaft spins relative to the
driveshafts at the rea wheds. Youll note that as you change
the final drive gea, these values will change where & the first
values remain constant.

When selecting gea ratios, two fadors control the first dedsion: what are the drcuits expeded top
speed and what is the slowest corner on the raceourse. The latter most of the time is a second gea corner
so we'll initially focus on second gea and then the 6™ or 7" gear. After establishing those ratios, we wil |
even space the remaining 3 through 5" geas (or 6" in 7-speed geaboxes) for maximum and even
acceeration Up to the top speed.

If the drcuit has a hairpin (like Magny-Cours in France) then sometimes 1% gea will be chosen
for dependable navigation of that corner. If the Slowest corner is a 2™ gea corner, then first gea is
seleded solely for the start of the race Even then, certain fadors play arole in making the ratio selection.
The initial selection should be made for maximum acaeleration up to 2" gear from a flat starting gid
position. If the qualified grid pasition is on a dedine, one might want to shorten the ratio by 1 increment.
If the qualified grid pasition is on a slight incline, the oppasite would be true. With the avent of launch
control systems, it is less crucial to set this, but none the less it makes good sense to better the cas
performancein any way possible.

Differential (final drive gear)

The differential is the mechanicd coupler between the transmisgon output and the driveshafts of
the rea wheds and in an F1 ca is integrated into the geabox itself. Thisis where the engines crankshaft
rotation, after being applied through the dutch and spedfic selected gea, is transferred by the associated
final drive geaing ratio to the drive wheds.

Connedion between the differential input shaft and the gearbox output shaft is via the final drive
gea. The seledion of one of threedifferent ratios impads all forward and reverse speeads. The lower ratio
improves acceeration at the st of top spead. The higher ratio has the oppdasite dfed. It's a goodideato
start with the middle ratio: 13/52 (bevel 30.42) and adjust up of down should you need to shift al you
geaing at once (say you add quite abit more wing). Another trick would be to adjust it up for converting a
setup to wet weaher running. Thisin turn reduces torque to the rea wheds.
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Differential L ock

F1 dfferentials are of a limited dip-type. This means the level of coupling between the
differential input shaft and the rear whed driveshafts is variable. The differentia’s level of coupling (or
lock, as EA F1 2002defines it) determines how the torque is applied to bah the drive wheds in relation to
one another. At 100% lock, bath drive shafts are dfedively LOCKED together, and torque is always
applied from the differential to bah wheds equally. At 0% lock, if one wheel should lose tradion urequal
to the oppasite wheel (asif half the ca goes onto the grass $ioulder), then the differential shifts (or 2dlips®)
torque away from the whed with the least amount of tradion.

Understand, as this is a mechanicd processthe differential CANNOT operate giving ged shifts
of torque from one whed or the other. In other words, regardlessof the differential-lock setting, both drive
wheds will ALWAYS be getting a grea amount of torque in an F1 car. Using a 0% differential-lock
setting, the shift of torque from the offending whed is gill aminor percentage.

People tend to use the words "understee” and "overstea” when describing the effed of the
differential lock. In redity, overstee is truly the only thing you are adually adjusting. 1t©s only becaise a
ladk of overstee naturally moves the ca closer to an understeer condition that understee is used as a
descriptor at all. Below are the test results of the differential lock extremes applied to a constant radius
curve:

Differential Lock @ %o

Throttle-off overstee -HIGH
Throttle-on overstea - NIL

Differential Lock @ 100%

Throttle-off overstea - NIL
Throttle-on overstea - HIGH

These can be onfirmed using RSDG's "Test tradk" skidpad (if you do not have this track - GET
IT). Throttle-ON meaning applying FULL throttle from a steady-state throttle condition (2nd gea, outside
80m ring, maintain 85-90mph - then step onit). Throttle-OFF overstea being the oppasite, a ammplete lift
off the throttle from the dorementioned stealy state throttle condition.
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Think about that last part: throttle-off is exactly what we do when setting up a wrner on the radng
circuit: throttle-off, heary on the brakes, turn-in. Set your differential-lock to 0% on a baseline setup and
watch your corner entry spinoutsincrease. Thisis becaise the differential is helpingto dsdpate the torque
at maximum efficiency in extreme braking/turn-in. As a result, your weight transfer moves forward more
quickly than with a higher differential lock setting. Even urder braking and cornering, the engine torque to
therea whedsisafador inthe castransfer of weight.

If you make it through the crner though, you can apply much greaer throttle, and apply it ealier
in the corner exit. That©s because the low percentage of differential lock is helping balance tradion during
the re-transfer of weight on exit, and as the rea fights the low-tradion condition known as 2maximum
possble accéeration.®

This may seem to contradict what many have read on the forums. But trust me and take it to the
skidpad to runthe éove extreme tests... you©ll see

A highlevel of differential lock is a different beast altogether. The ca is much more stable under
braking and corner turn-in, but very difficult putting the power down on exit. Again, that©s because the rea
wheds now are "locked" together, bath constantly applying maximum torque to the ground, regardless of
weight transfer.

First off, when establishing a baseline, start with 50% on your setups. This is the balance point.
Other than that, it depends on your preferred driving style just like every other setting. Think of it this way:
it©s not whether or not you like oversteq; it©s WHEN and how much. Move the dider in that diredion.

Here's an example: ISI/EA Sports sts a low differential-lock (25% to 33%) in its dock settings.
This favors corner exiting stability and tradion urder accéeration, but makes the ca edgy under late
braking and turn-in.

On the other hand, Frenchman Jean Alesi is a master of the throttle-on power-dide. He steesthe
ca with both ends regularly. 1©d bet Jean has that differential lock setting pretty high. Imagine it: Alesi
setting Yo Parabolica @ Monza, braking late with the more stable braking/turn-in charaderistic. Then
powering uwp just before the initial apex of that high speed corner, using little jabs of throttle-induced
overstee to keep the nose tighter towards the inside, until he an floor it through Parabolicds sond half
and rocket onto the front straight.

Yeahright... essy for himto dd

23



“To assigt in the process of setting upthe ar for a circuit a driver has to use all his
powers of concentration. First of all, he hasto tackle each corner in three stages. Then, once he
has to establish reference points and the wrred racing line, he should try to stick to them as
closely as possible. Varying the line from one lap to the next alters the cars behavior andcreates
exra problems. Assoonasa driver has gat to grips with acircuit, he should be able to complete
alapin the same fashion time after time. If each lap follows the same pattern, the driver is better
able to analyze events objectively. Indeed, such consistency makes the driver a reference point
himself. This requires much attention to detail, but by maintaining the same procedure for lap
after lap you become a goal test driver”

From “ Competition Driving” by Alain Prost and Pierre-Francois Rousselot

Setup testing (overview)

Testing is a very important part of fielding a Formula 1 team in international competition. On a
typicd Grand Prix weekend, tradk timeis limited to two 60 minute and two 45 minute pradice sessons, 12
qualifying laps, and a brief 30 minute pre-racewarm-up. This means teams must know their car and know
it well. A driver must know what setup changes bring about the desired effeds in handling over the diverse
seledion of circuits raced during the championship. Testing allows us to develop setups that permit us to
use our individual driving stylesto exploit the cas cgpabiliti esto its full est.

As quoted above, it's also important to drive mnsistently so our setup changes are refleced
legitimately through our lap times. This can be trandated into driving at 95% of ones patential, making
subtle changes, letting the cas geed acount for increasing lap times. Then after meticulous stting
adjustments are made, take on a light fuel load, soft tires and go for a 100 flat out flyer.

When making the initial adjustments to set the ca up for a spedfic drcuit, it's important to focus
on one thing at a time and make detailed mental notes regarding the cas handling charaderistic & the
various parts of the drcuits. This method to setting yp the ca follows a set routine to rough in all
adjustments. Here's the method | use for setting up the ca:

1. Top speed: First laps out, | establish the cas top speed with rea wing ange ajustments and gea
seledions. During this time, I'll adjust the front wing angle egual to the rea adjustments. Gea
seledion will start with top gea and the lowest radng gea, followed by evenly spadng all geasin
between.

2. Brake balance Next | set the brake bias to allow hard stable braking into the slowest corner on the
circuit.

3. Suspension (ride height): Next | begin to balance the ca while setting ride height. This is where
telemetry will start to become useful. Spring seledion at this phase is to rough in the handling while
setting ride height over the many track variations.
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4. Handling (rough balance): Keeping the dampers at their static reference settings, I'll next focus on
using the spring rates and anti-roll bars to balance the handling, keeping ride height values in check.
Tire presaures and camber settings become quite important during this phase and al phases foll owing.
Front wing adjustments help to balance front-end grip under spedfic adjustments. Differential lock
adjustments are made to aid in the throttle response to the drcuit's features.

5. Handling (fine tune): After the ca's balanceisroughed in, I'll begin damper adjustments to fine-tune
the handling through spedfic parts of the tradk. First I'll focus on damper slow adjustments and the
castransitions into and out of corners. Then I'll focus on damper fast settings and controlli ng the ca
over bumps and kerbs. Weight distribution can aso aid in fine-tuning the handling charaderistics
around the track.

There may be many times when you find yourself being required to badtradk and make changes to
things that worked well ealier, but as a result of recant changes, are no longer effedive. Thisis common.
The good art is that as you make progresstowards fine-tuning your setup, this happens lessand less as
well asthe adjustments beacming smaller.

Again, it'simportant to make one dhange & atime and evaluate that change with a consistent lap and
lap times. | tend to make extreme dhanges at first to establish the degreethe change will effed the ca. If
the diredion of the change is desirable (but maybe the effed istoo grea), | then reducethe dhange by half,
and so forth urtil that adjustments is fine-tuned. It isvital to make changesto one component at a time (or
a set of components asin both front springs) until one beames comfortable with the dfeds of that change.
While this ssems costly in terms of time, it is well rewarded. During a cas initial shake down, you would
be lucky to complete roughing in the handling by the end of day two. But by the end of the test, everyone
will have amuch greder understanding of both the ca's capabiliti es and what the driver wants out of it.

As one becomes more mmfortable with the ca and the dfeds of setup changes, then you can

make multi ple changes to smaller degrees. This level of comprehension is vital to produce results during
the limited running time of a Grand Prix weekend.
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Static referencesetup

Because we'll be deding with many variables acoss gveral components, it becomes a useful tod
to establish a static reference setup. What | mean by thisis, we'll define the full spedrum of adjustmentsto
all of our components and establish a mid-level mark. This way, we know at al times how far we've
deviated from center and how far until we read an extreme. Thisisuseful in preventing us from creding a
setup ddead-end® where we find aurselves at the end of a particular adjustment, which then requires us to
badtrack. By understanding how soft is °softer® or how stiff is astiffer® by defining the parameters, we
can make aiticd changes at the most logical end of the ca.

The following chart shows the static reference midpant setup for EA Sports F1 2002as well as
the full range of adjustmentsto ead set of components (this chart is available & a separate .pdf doc).

M edhanical and Aero

Weight Distribution n/a

Front wing: 25 degrees
Rea wing: 25 degrees
Anti-roll bar (front): 150k/mm
Anti-roll bar (rea): 90 k/mm
Steeaing Lock: 14 cegrees
Differential Lock: 50%
Brake duct size 4

Radiator size 3

Tire Pressure and Camber

Tire presaure* (al): na

Camber (all): 0.0 degrees
Toe-in (front): 0.0 degrees
Toe-in (rea): 0.0 degrees

Springs, Packers and Ride Height

Ride height (front): 3.5cm
Ride height (rea): 5.0cm
Padkers (front): 0.0cm
Paders (rea): 0.0cm
Spring rate (front): 175k/mm
Spring rate (rea): 175k/mm

Damper bump adjustments

Fast Bump (front): 1500N/m/s
Slow bump (front): 2300N/m/s
Fast Bump (rea): 1500N/m/s
Slow bump (rea): 2300N/m/s

range: varies from team to tean

range: 0 degreesto 50 degreesin 1 degreeincrements
range: 0 degreesto 50 degreesin 1 degreeincrements

range: 100k/mmto 200k/mmin 5 k/mm increments
range: 50 k/mmto 130k/mm in 5 k/mm increments

range: 5 degreesto 23 degreesin 1 degreeincrements
range: 0% to 100% in 5% increments

rangelto 7
range1to 5

range: 90 kPato 195kPa

range: -6.0 degreesto +2.0 degreesin .1 degreeincrements
range: -2.0 degreesto +2.0 degreesin .1 degreeincrements
range: -2.0 degreesto +2.0 degreesin .1 degreeincrements

range: 1.5 cmto 55 cmin .1 cmincrements
range: 2.0 cmto 80 cmin .1 cmincrements

range: 0.0 cmto 4.0 cmin .1 cmincrements
range: 0.0 cmto 80 cmin.1 cmincrements

range: 10k/mm to 250k/mmin 5 k/mm increments
range: 10k/mm to 250k/mm in 5 k/mm increments

range: 1000N/m/sto 2000N/m/s in 100 N/mv/s increments
range: 1500N/m/sto 3000N/m/s in 100 N/m/s increments

range: 1000N/m/sto 2000N/m/s in 100 N/m/s increments
range: 1500N/m/sto 3000N/m/sin 100 N/m/s increments
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Damper rebound adjustments
Fast rebound (front): 2000N/m/s range: 1000N/m/sto 3000N/m/s in 100 N/m/s increments
Slow rebound (front): 3500N/m/s range: 2000N/m/sto 5000N/m/s in 100 N/m/s increments

Fast rebound (rea): 2000N/m/s range: 1000N/m/sto 3000N/m/sin 100 N/m/s increments
Slow rebound (rea): 3500N/m/s range: 2000N/m/sto 5000N/m/s in 100 N/m/s increments
Brakes

Brake bias: 50.0%F/50.0%R range: 80.0%F/20.0%R to 200%F/80.0%R in .5% increments
Brake presarre: 75% range: 100% to 50% in 5% increments

Brake Disc (al): 28cm range: 2.1 cmor 2.8cm

Brake duct size 4 range: 1to 7

Fuel tank spedfications:

Fuel cgpadty: 125Liters
Optimum tire temperatures:

Hard: 114°C
Soft: 112°C
Intermediate: 109°C
Wet: 107°C
Monsoon: 105°C

Engine temperature range (coolant):

Nominal: 105°Cto 110.6 °C

Optimum: 107.3 °C (maximum power Vs. engine wea)
Overheaing: >1106°C

Brake system temperature range:

Nominal: 300°Cto 800 °C

Optimum: 550°C (maximum stopping force)

Braking forcehalved at:  1650°C (brake fade)

Telemetry fundamentals

telem-etry -n.
The science and technology of automatic measurement and transmisson o data by wire, radio, or other
means from remote sources, as from space véicles, to recaving stations for recording andanalysis.

Modern F1 cars host an amazng array of potentiometers and sensors that are caable of
monitoring almost every vital function of the ca. These readings are stored in an onboard CPU and many
functions can be monitored in red time by the team of engineeasin the garage. Telemetry gives the driver
and his enginee common ground to begin to da-in the cas stup. It isaso common placefor teammates
to share telemetry for the purposes of overlaying laps and helping define the cas handling charaderistics
from two separate reference paints.

When starting a session, it's always a good ideato run some warm-up laps with no adjustments
(20to 30laps) and save the fastest lap as your base reference lap. Asyou make aljustments to the ca and
increase you lap time, seled the new fastest lap as you new base reference lap. Even though you may
overlay many laps into the telemetry display, you'll find it easier to analyze you performance using just a
base reference and your best lap from the latest stint. Again, when you better you base reference lap, the
new best lap should become your new base referencelap. If you're just leaning, you can use the telemetry
default referenceto help guideinitial setup changes until you achieve a @mpetitive lap time.
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During a race weekend the 45 to 60minute free pradice sessons make on-track time highly
valued, so teams will run a pradice sesson and gather telemetry from the various changes they make. In
the post-session debrief, the telemetry is analyzed and discussed between the driver, his enginee and head
medanic. Then setup changes based on this debrief are loaded onto the ca as a base for the next session.

Here' swhat we can monitor, and what it means:

Velocity — Distance This trace shows us our speed relative to the distance traveled. Overlaying two
separate lap traces can enable one to see the effeds of setup changes as they relate to the laptime.
Overlaying afaster teammates trace ca enable one to seewhere he's losing time, and therefore point to the
areaof the ca in which adjustments are required.

Engine RPM — Distance This shows the engines revolutions per minute relative to the distance traveled.
This alows us to monitor where adriver is applying the engine power and if we ae keeping the engine in
it's peak power and torque bands at crucial points. Thisis also grea for seang where ahort-shifting® out
of the power/torque curve ealy might aid in cornering stabili ty.

Longitude Accderation — Lateral accderation: The &riction Circle® Once heavily debated, this graph
is gandard operating procedure today. The friction circle shows just how much the driver is pushing the
ca to its maximum limits. The ided drivers exploitation of the ca will display a very defined and
repeaable pattern of G-loading reference paints as he cnsistently pushesthe ca to it's extreme limits.

Incremental Time Difference This shows the gain and/or lossof time that the tracelaps contains relative
to the reference lap. Spikes indicate large gaing/losses and should be analyzed. This is one of the first
traces to examine when overlaying laptimes.

Here is an incremental time difference trace from the 2nd free pradice installation laps at the German
Grand Prix. Thisisa mmparison of aqualifying setup referencelap from the 1% freepradice sesson and a
fully fueled racesetup overlaid. These ae the two base setups we started with for the weekend.
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Gear * Distance This charts the gea seledions made over the murse of the lap.

Rear Whed Spedl Difference + Distance This traceshows the effed of the differential lock setting, by
charting the relative differencein rea whed rotation.

Track View: Tradk map showing a driversradng line plotted by compiling the various other parametersin
the gathered telemetry. Useful for comparing the subtleties of various radng lines when attacking corners.

Throttle + Distance This charts the percentage of throttle pedal position during alap. This traceis good
for referencing how the throttle is applied coming off various turnsin a percentage value. Thisis gred for
sedng how effedive setup changes are when the goal istrying to apply power sooner on corner exits.

Brake * Distance This charts the brake pedal paosition during alap. Thistraceis goodfor referencing how
the brake is applied in a percentage value. Effedive trail braking shows up as a rounded badside of a
brake spike. Traceoverlays can show where brakingis gaining/losingtime.

Steering * Distance This charts the percentage movement of the steering whed over the @murse of a lap.
Useful for comparing turn-in points between lap traces and referencing how much the drivers input has
effected overstee conditions.

Clutch = Distance Shows clutch travel during a lap. Kee in mind that an F1 semi/fully automatic
transmission does adivate the dutch automatically. Thisis not adjustable.

Damper Velocity + Distance This trace tarts the four damper's eed of movement vs. piston travel
distance over the murse of alap. Bump is displayed as an upward spike (sharpness of spiking equating
speal and verticd sizeisdistance). Rebound is displayed as a downward spike. The higher the spikes, the
lower the damper settings it represents (indicating less resistance/more movement). This graph is more
representative of the damper fast velocity adjustment, or how the dampersread to bumps and kerbs. When
adjusting damper fast settings, cross-referencethis graph with Suspension Travel.

Damper Velocity (Smoaothed): This chart smoothes the traceof the four dampers eed of movement vs.
piston travel distance, thus being more indicaive of slow damper settings, or how the dampers affect
weight transfer during cornering. Bump is displayed as an upward spike. Rebound is displayed as a
downward spike. Good for fine-tuning of damper slow adjustments and should be aossreferenced with
Ride Height (Smoothed) and Suspension Travel graphs.

Longitude Accderation + Distance This shows the G-forces that the chassis is experiencing under
accéeration and braking. Accderation produces adownward spike. Braking produces an upward spike.

Lateral Accderation + Distance This dows the G-forces that the chassis is experiencing under
cornering. Right turn G-loading produces a downward spike. Left turn G-loading produces an upward

spike.

Vertical Accderation + Distance This shows the G-forces that the chassis is experiencing in the verticd
plane induced by bumps and track elevation changes. Upis up and down is down.

Front and Rear Ride Height: This charts the spacebetween the track (bottom of graph) and the bottom of
the plank (line trac§ measured in mm. |t represents all ride height variation due to all factors including
bumps and road undulations. This is useful for general spring rates and setting damper fast setting fine-
tune ajustments.

Front and Rear Ride Height Smoothed: This charts the spacebetween the trad (bottom of graph) and
the bottom of the plank (line tracg measuresin mm. By smoothing the traceline, we gain a more acarate
indicaor of ride height variations during weight transfer only. This is good for fine-tuning of spring rates
aswell as general damper slow adjustments and padker sizes.

Chasdgs Slip Angle: This shows the lateral dlip of the ca on the road. Idedly, these traces should be small
and as gradual as posshble under nominal driving.
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Suspension travel: This measures individual whed verticd movement at the damper rocker arm in mm.
The reference plan (0) marks the damper piston fully extended (full rebound) as if the ca is suspended
from a lift crane. Verticd spiking Yo denotes suspension compresson. This monitors how effedive the
springs, dampers, and anti-roll bars are a ontrolli ng the individual wheds under weight transfer and over
kerbs and road undulations. By examining either both fronts together, or both reas together in steady state
cornering conditions (along with Chasds Slip Ange aoss-referencing), this can help define anti-roll bar
adjustments. When using soft springs and damper settings, this graph can aid in packer thickness Padkers
can affed the response of the spikes.

Tire Temperatures (Inside/Middle/Outside): This chartstire temperature in degree Celsius over the
course of alap. It groups the inside/outside temperatures together as @Camber Temperature® and shows the
center temperature @ 3Crown Temperature® The ceter reference point on the graph denotesthe tires
optimum operating temperature. Thisdatais very reliable for reating the optimum tire temperatures over
the murse of alap. When making adjustments though, it is more helpful in analyzing tire pressure settings
rather than whed camber.

Whed Spin: Thistraceshows the percentage of individual tire whed spin relative to dstancetraveled over
the course of alap. Down is in initiated under braking while up is wheel spin initiated under
accéeration.

Tire wear: This chartstire wea over the curse of alap. It's goodto compare thistrace with , suspension
travel, Chassis Slip Angle, Whed Spin and Tire Temperatures to help identify possible causes of premature
tirewea.

Other useful stored information includesweather at the time of the recmrded lap.

Air Temperature + Distance Tradks the ambient air temperature of the curse of the lap.
Track Temperature + Distance Tradks the trad surfacetemperature of the murse of the lap.
Rain * Distance tradsthe anount of rainfall over the murse of the lap.

Track Dampnessz* Distance Tracdks the moisture mntent on the tradk surfaceover the murse of the lap.

The telemetry program sorts these various realings under a wlledion of healings. In other
words, we can monitor the track map, velocity to distance and incremental time to dstance under the
heading @ ncremental Time® By clicking on the &help°® icon in the telemetry program, an MS Word .doc
file will be opened. It goesinto detail about some of the feaures of the telemetry program and has ©me
useful tips for navigating through its windows and manipulating the data efficiently. Below is the very
useful controls summary included in that file:

Window Controls

Left Mouse Button (hold and drag): Seled a spedfic portion of the telemetry data.
Right Mouse Button: Zoom out in 1-step increments.

Midde Mouse Button (Button 3): Maximize/minimize aspedfic tracewindow.

Keyboard Shortcuts

RETURN: Zoom in to currently seleded pation of telemetry.
SPACE: Restore default view windows and zoom levels.
BACKSPACE: Unseled telemetry data.
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Corner phases and types

“T he racing tracks on which F1 cars do
battle are by definition aseries of bends
interrupted by dtraights of varying
length. Given that the idea isto lap in
the least amount of time, the way you
take @rners beames fundamental, not
least because the first thing to
understand is that an error ona bendis
always paid for in lost hundredths of a
second.®

Ayrton Senna from his bodk 2Principles of
RaceDriving®

Every corner has three distinct phases: corner entry, corner apex, and corner exit. It's vital to
recgnize eab phase per corner when describingthe cas handling charaderistics through that corner.

Corner Entry is the point at which the ca begins turn-in. Braking usually, but not always,
preceles this phase. Sometimes, braking is adually continued into this phase and in spedfic cases, caried
through to the following phase. During this phase, weight begins being transferred from the inside tires to
the outside tires. If braking happens during this phase, the weight transfer is actually more @ncentrated
aaossadiagonal from theinside rea tire to the outside front tire.

During the Corner Apex phase, the ca has reeched the mid-point that separates corner entry and
corner exit. This phase can be very brief, in the cae of a quick kink or chicane (see Corner types) or
rather extended asis the @ase in long constant radius corners such as Curve 2 at Brazls Interlagos circuit
or Turn 13 at the Indianapalis Motor Speedway. During this phase, weight transfer stays relatively steady
from front to rea, and is concentrated to the outside tires. Corner apex is the slowest part of a crner.

Corner EXxit begins at the point that steering input is begins to be deaeased as the driver unwinds
the wheel. Accderation usually, but no alwaysisinvolved in this phase. During this phase, weight transfer
begins its restoration back towards the cas center of gravity be unloading off from the outside tires. The
more accéeration is involved, the more this transfer shifts towards the rea and again a diagonal may be
drawn from outside front to inside rea. This occurs until the cas forward travel straightens and the weight
equalsout to bah reas.

One should always examine the trad layout to dedde which corners and combinations are the key
feaures to focus on. It is Smple not possble to set the ca up to handle dl the variations at the highest
level of efficiency. This is where cmmpromise begins. Another thing to consider is the successve
combination of corners and straights. Sometimes it's important to compromise the exit of one rner to
maximize the speed through the next. This is espedally important when exiting onto, or entering from a
long, fast straight. But as always, the tale isin the timing and a fast laptime is the ultimate dedding fador.

To better understand the various radng lines, and how to maximize efficiency over the murse of a
lap, | highly recommend the bodks #Principles of Race Driving® by Ayrton Senna and 3Competition
Driving® by Alain Prost. These two bodks are written by arguably the two finest radng drivers of the
twentieth century. But for now, let's examine some different corner types and comment on how on there
own, they influence ca setup.
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Constant radius Example: Circuit de Catalunya, Spain @Compsa?

A constant radius corner is one that has a quick gentle turn-in, along consistent apex, and a gentle
exit. Providingthe trac isfairly level, setup for the mrner can be tadkled in afairly routine manor. Asin
all corners, how vital it is towards the overall | aptime and how many like arners are on the drcuit should
be analyzed before determining how much the corner should effed the ca setup.

A constant radius corner is adually quite simple. Providing you've roughed in your spring settings
for fairly neutral handling, then thisis all about aerodynamic downforce and anti-roll bars. The transition
for turn-in to steady state cornering is fast. The ca is on the bars quick and stays there for quite avhile.
Typicdly, awell balanced car will automaticdly have reliable handling traits through most constant radius
corners and one can determine quite quickly if a change in downforce will help. For this reason, constant
radius corners are good cornersto focus on ealy in theinitial setup of the ca adjustments including springs
and anti-roll bars.

If one is experiencing trouble being competitive, and the arner is high spedl, then front wing
adjustments would be first on the list, with anti-roll bars and weight distribution a dose second. If the
corner is medium speed, that order might fli p-flop.

But | wouldn't spend much time on damper settings here, unless you're having turn-in imbalances
everywhere dse on the drcuit¥ spedficadly medium speed corners.  Also, any adjustments to the dampers
should be performed with thought towards what compromises in other corners may occur, particularly if
the drcuit has one or more deaeasing radius corners elsewhere.
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Increasing radius Example: Circuit de Catalunya, Spain d_a Caixa®

An increasing radius corner is one that feaures a longer corner exit than corner entry, and is
usually acompanied by a small corner apex. In an increasing radius corner, the ideais to brake late and
turn in sharp, advancing the crner apex ealy, then quickly and progressively initiating throttle for
maximum exit speed. Because the crner exit line usualy has no reference points, it becomes difficult to
judge.

Due to the extended corner exit, if one canot acceerate properly this becomes a sedion where a
relatively large amount of time may be lost. Therefore tradion under acceeration isimportant to minimize
timein thistype of corner. Thisiscrucially important if the crner exits onto a primary fast straight.

A rookie driver might want to run the differential lock setting at a lower value to help control
whed spin. But a more experienced driver might prefer to control the rear himself using the throttle to
induce overstea. Thishowever requires a very fine tuned neutral balance

To start with, you'll want a softer rea setup for more tradion under acceeration. Choase front
and rea spring rates to acommaodate the overall circuit handling requirements, then fine tune with damper
adjustments.  As usual, slow damper settings are useful for adjustments to the spring response during
weight transfer. Here youll want to run softer slow damper settings. Whil e softening the rea, be avare of
the padkers vs. ride height. For the ca to hit the padkers (espedally the outside rea) is detrimental towards
the goal asit will instantly overload the tire with weight.

Typicdly, the aiti-roll bars and agrodynamics are not good things to adjust spedficdly for this
type of corner, unlessyoure experiencing imbalances elsewhere.
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Decreasing radius Example: Magny-Cours, France®180 Degrees®

A deaeasing radius corner isindeed one of the most difficult cornersto setup for. Asyou can see
from the @ove picture, your braking zone follows an arc leading to the late goex. It's imperative that the
car be @le to brake degp and turn in simultaneously. A well-honed trail-braking tedhnique will defiantly
aid in making the passhere.

The basic setup principles for this type of corner are such that you want the ca to have good turn-
in, but more importantly, a stable rea. Because the transition from turn-in to steady state @rnering is ©
long anti-roll bars are less criticd. That's not to say dorit adjust them, its just the bars don't have a
significant impad except from about 25 yards before and through the first half of that inside rumble strip,
right at the goex. Plus, if you have high-speed constant radius turns elsewhere, and the cas pretty well
balanced there, I'd leave the bars alone for now.

Softening the rea springs, helping the rears not to unload as much weight, is a grea starting point
if you're having trouble being competitive here (and providing thisis a aitica paoint on the drcuit). But
most importantly, dampers are the keys to unlock the cars maximum potential under braking and turn-in.
One must control to weight transfer. More spedficdly, the rear dampers slow rebound.  Soften them to
help maintain weight at the rear for aslong as possble. The second the rea goes light enough to get loose,
you better stop turning and brake straight and hard. An alternative might be to go to the front and increase
the front damper slow bump values. But unlessyou're d@ther having problems at the front elsewhere, or
have runthe rea setting close to maximum (with room to spare & the front) then I'd focus on the rear.

You could aso run your brake bias forward more. But if youre not having problems with
overstee under braking elsewhere, then | say leave it and tadle those dampers.

Differential lock values of 50% or higher can help here s well. Youre drealy turning when you
have to get off the throttle, so you defiantly want that torque under control. But be caeful of overstee
while regpplying the power. As dated ealier, the differential lock setting is very dependent on your
personal driving style.
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Fast ese Example: Silverstone, Grea Britain 3Viaggots & Bedketts®

A fast ess is typicdly a combination of two or more rners. At these speeals, agodynamic
balance is a key factor. But probably equally important is the mrred line which alows the fastest
cumulative sedor time. Missing the best line during a phase by just a few fee can cost massive time loss
as it disrupts the flow for the next phase, or worse yet, the entire following corner. For this reason, front-
end steaing response is crucial. One dso must have faith in ones tup as the speeds traveled here repay
mistakes with big spins.

Like mentioned above, agrodynamics has a big influence through these types of corners. After
setting gea ratios and a rea wing angle based on the drcuits top speed, the front wing angle can be
roughed in through fast essesto balancethe ca.

Basic spring settings can be put to the test through these high-speed diredion changes. Stiff font
springs give the ca the much-needed quick steaing response. Too high a spring rate will adversely affed
the desired level of grip though and must be muntered by additional front wing or a softer anti-roll bar.
Speda attention should be paid to the tire temperatures as overheding can occur from these canges.
Softer rea springs enable the rea tiresto hite and keep the power transmitting to the tradk. Use the damper
slow settings to control weight loading and unloading into the tires during changes of diredions. Also, this
is a big anti-roll bar fine-tuning sedion as the ca is changing diredions and loading the bars in both
diredions. Oncethe anti-roll bar settings are roughed in here, they should require only minor adjustments
for other sedions around the drcuit. The eception would be when adjusting the anti-roll bars to
compensate for another adjustment such as mentioned above.

Differential lock settings can prove useful here, espedally if one is using engine braking by
coming off the throttle to slow the ca to setup the foll owing corner.
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Medium esse Example: Silverstone, Grea Britain 2Abbey °©

Like afast es, the medium-speed ese istypicdly a mmbination of two or more arners. Here,
however the springs and dampers are more important than aerodynamics, mainly due to the fad that the ca
iseither increasing or deaeasing speed asit traverses these arners.

If the ca has fairly well balanced charaderistics through faster corners, then focus gould
certainly be placeal on the springs and dampers slow settings. Medium speead corners are redly where you
can start to fine-tune the springs and dampers. The latter probably more so. Youll want to focus on sharp
turn-in charaderistics with front springs, dampers and anti-roll bar adjustments. Go as giff as possible
with the front spring settings without upsetting the overall balance of the ca. Try to balance out any
induced understeer by increasing front wing angle or choose asmaller front anti-roll bar until a more
neutral balance is obtained. Be caeful though as these types of adjustments can quickly result in above
optimum tire temperatures by overloading the front tires with weight. From here, soften the damper slow
responseto dal inthe amount of front grip desired.

Also amore aygressve driver might use the kerbs here, so damper fast settings become afador as
well. Damper fast settings aid in the cars ability to read to bumps, so if loosing grip while riding kerbs you
might try lowering the fast bump settings. Be caeful though of riding kerbs while the ca is experiencing
big swings of weight transfer, such as the transition from Abbey's left-right.
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Chicane Example: Nurburgring, Germany, 2Veedd S°

Chicanes are essentially slow esses, so al of the medium esse charaderistics apply here. Also,
because the phases happen in rapid succession (do to the overal smaller size of the dhicane features), car
imbalances tend to be magnified at the point of weight shift during the dhange in diredion. Also, the
overall slower speals mean aaodynamics has less of a fador in car balance axd mechanicd grip has a
gred ded of influence. Do to the tight nature of most chicanes, riding over kerbs is an acceptable risk.

Many times, a chicane will denote the slowest corner on a particular circuit. This meansit is many
times precaled by a heavy braking zone, making it a grea point to fine-tuning the braking bias. As this
makes the chicane aprime overtaking locdion, focus should be given to car setup through the preceling
corner as to allow the most efficient exit. This will, in turn gve the ca maximum speed on the ensuing
straight leading to the chicane, making overtaking that much easier.

This also means thisis the rner to help seled your lowest radng gea. Quite often it isthe cae
that second gea it the lowest seleded gea once the racehas gotten under way. If thisisthe cae, second
gea beammes the lowest radng gea. If thisisthe cae, then second gea can be aljusted to all ow the best
possble accéeration while maintaining stabili ty when exiting the chicane. Otherwise, first gea should be
a ompromise of chicane exit stabili ty and standing start efficiency.
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Hairpin Example: Magny-Cours, France@Adelaide®

Hairpin corners gress the cas braking cgpabiliti es to their maximum. Typicadly, the ca is being
coaxed into slowing from top speed down to anywhere from 40mph to 60mph. Sharp front-end grip is
essential to alow adriver for be competitive here, particularly when passing. The aove picture shows the
Arrows A23 taking a mnservative line through the Adelaide hairpin. The turn-in comes ealy and the short
apex is a the midd e of the inside kerb. While qualifying the line will vary. The braking will be kept to as
late & possble (allowing the ca to travel at top speal a few hundredths on a second longer), followed by a
late turn-in. This will shift the gex bad later in the turn (the skid marks represent a goodfast line). By
moving the gex later, the radius of the exit is lessened, allowing power to be gplied sooner and more
importantly, at a more aygressve rate. Again, | point to the bodks from Ayrton Senna and Alain Prost to
lean more on these principles.

Like chicanes, hairpins are grea places to set the braking bias during ealy session laps because
the most aggressive braking zones on the drcuit typicdly precede them.

| typicdly dont concern myself with tuning a ca around a hairpin beyond the basic roughing-in
of the chassis balance (wings, springs, anti-roll bars, and ride height). | find if | focus on other medium and
high-spead corners, the hairpin tends to fall into place One thing | do focus on is my gea ratio for this
turn. It tends to dictate my lowest radng gea and therefore the gea should be chosen to allow the most
stable accéeration out of the hairpin possble.

The hairpin is aso a prime passng zone for most circuits. This makes the prior corner extremely

criticd as far as the setup is concerned. Remember that the passthat happens here was redly exeauted
through the previous corner, allowing the ca to gain an advantage over arival healing into thisturn.
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Double Apex Example: Sepang Circuit, Malaysia@Turns 7 & 8°

From time to time, two successive crners will line up in such a way that it enables a driver to
attack them both as a single crner. This means the first corners exit (phase 3) and the second corners
entry (phase 1) becme esentially both corners phase 2, or the overall corner apex. In thisinstance, the 2"
phase is rather large and may contain some throttle aljustments. The ca must be set to allow mid-corner
throttle adjustments to not effed the ca in a negative way.

Because of these things, these types of corners have the same charaderistics of the constant radius
corner. Basic balanceis achieved with springs and anti-roll bars, assuming aeodynamic balance has been
adhieved.

A more stable throttle behavior can be fine-tuned by differential lock adjustments. If the double

apex requires a dight throttle lift at the gex, and this in turn cases too much overstee, then a higher
differential lock setting is required.
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Gathering circuit information

The first thing we nead to dois gather some information regarding the drcuit we're éout to run
on. Inthiscase, it's Silverstone in Grea Britain. In a minute, I'm going to look for the combinations of
straights and corners, maximum and minimum expeded speals, and any %ey corners® which will
influencethe setup. But for now letsidentify all the arner types.

Copseisahigh-spedl, subtle deaeasing radius corner. Next, Maggots and Bedetts form a high-
sped es=, the latter of which has a deaeasing radius corner conneding to Chapel, which empties onto
Hanger Straight. Stowe is another deaeasing radius right-hand corner that bends bad to the left on exit.
Vale is made up of a slow constant radius, 90-degree left hander, followed by Club, a long increasing
radius right hander. Abbey is a medium speel ess that opens up on exit. Bridge and Priory are both
constant radius corners. Brooklands is a subtle increasing radius followed by the double gex Luffield
and the flat-out, constant radius kink, Woodcote.

Now let'sidentify those key feaures of thetrad. Looking at the &ove tradk map, we can seethat
there aetwo hig straights. That's the main start/finish straight and Hanger straight conneding Chapel to
Stowe. Asaresult of identifying these big straights, we can seetop speed is expeded to be 200-plus MPH.

Key corners would be Copse, the M aggots/Bedkett ’Chapel complex, and Stowe, the mgjority of
which are medium to high-speed corners (three of which are deaeasing radius). These denoted fedures
acount for 2/3rds of the drcuit, and while not Monzalike fast, would tell me to start by setting the ca up
for medium to high speed cornering with a focus on agodynamics and springs. Then fine-tune the
medhanicd grip for the slower parts like Club and the Brooklands/L uffeild complex. This is, if for no
other reason, giving s a placeto start and an ideaof the diredion we think we're goingto go in. The main
concept here is one should always analyzethe drcuit and visualize the plan of attadk. That way, you're not
taking random stabs at things hoping to stumble acoss an acceptable setup. Radng, though is a very
dynamic sport, and one should always be realy to try something new should the initial diredion not pay
dividends. The ultimate dedding factor is, as always the stopwatch. A faster laptime is a faster laptime
regardlessof how you arrive & it.

Just for the record, your highest lateral G loading should be aound 3.5G in Copse and Bridge.
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Gathering car setup infor mation

It's very important to document your setup changes as you go. There ae various methods and
here is ©me detail about the one | use. | use alog, which I've included with this guide & a separate
document titled 31 2002Setup Log,° that allows me to document and tradk the changes and their resulting
lap times. Thisaddsgreda insight as| look at telemetry, sincel have awritten reference from that stint and
the changes put on the ca.

The method | use isthreesets of adjustments per saved setup. | use alogicd saved name: EA A23
T1-01 where 8EA° ae my initials, 3A23° is the dhasss used, 2T° is for test, and 1-01 is the identifier (1
being the session, -01 keing the revision during the session). For ead saved setup, the revision will
increase by one. On the Setup Log, the line @Setup Name (base)° is the setup that we began with. If we
start with a pre-existing EA Sports F1 2002setup, that might be @Grea Britain® or @Grip.° Additionally, if
this becomes a race setup, I'll add identifiers for tires and strategy while maintaining the same revision
number from the test setup. So a saved setup named EA A23 RH2-16 S1 would indicae the Arrows (A23)
racesetup (R) with hard compound tires (H) derived from testing session 2 - setup revision 16, for a 1-stop
strategy. EA A23 RS2-16 S2 would be identicd with the exception of soft tires and a 2-stop fuel strategy.
This is my method. You may use any other, but it definitely becomes an advantage to choose alogicd
system that allows quick identification. Also, as you turn faster laps during testing, the setup that produced
the fastest lap should always be loaded as your #avorite Setup® so as you begin any additional sessions,
that setup will arealy be loaded onto your car. In the end, you can simply copy your final setup and
rename it @Race® Wualify,° or anything else you chose to simplify the process of finding the final
setup(s).

Aswe get into our setup session, please keep in mind that I'm logging all the changes that | make.
To include dl the minute thanges made to the ca into this sdion of the guide is simply not possble.
Therefore, what isincluded is an overview of the diredion taken. The &1 2002Setup Log® is included for
you convenience when making your own setup changes.

Establishing asetup + Aerodynamics & Ride Height

The first thing you should dois load your base, or starting setup and run about 20 laps to
famili arize yourself with the drcuit and cars charaderistics. At Silverstone, | begin with the standard
8Gred Britain® setup on the Arrows A23. During thisrun | set afast lap of 1m21s509. Mind you, during
this run my focusis not on quick times, but establi shing a basic rhythm and noting various detail s.
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After establishing the stock setup charaderistics, you can proceal to make the initial changes.
The stock setup lacks top-speed (192mph) and is not geared well to my tastes, so the first changes | make
are to the wings and geaing. I'll alter the strategy to 2 stops® and add 22liters of fuel (good for 6 laps)
and then procea to make multi ple short runs while making the wing and gea changes. At this gage, it's
obvious whether the dchange is right or not, and you can come right bad in to the garage & on as it's
apparent. Initial wing and gea changes are quite bladk and white; it either works or it doesn't. This stup
phase can usually be acomplished in about 10 minutes, or 4 to 5single-lap stints.  Also at this same time,
you should set your braking bias and start camber and tire pressure aljustments.

To adhieve the 200mph-plus top sped, | end up with significantly lesswing (25 front and rea).
This becomes the a@odynamic base to from which to fine-tune the mechanical grip. But in the same
resped, it is only abase or starting point.

Establishing asetup + Suspension Rough-in

The next phase is to rough in the suspension. Initialy, you should adjust the dampers to their
static reference mid-point. This all ows you to make spring changes knowing that later, you can easily go in
either diredion with the dampers during their fine-tuning phase. Silverstone is a very bumpy track in some
spots and the bumps affed the ca at both the front and the rea. For this reason, I'm going with softer
springs to alow the suspension to have enough travel to ded with the bumps effedively. Still filling the
ca with only 22 liters of fuel, | make several runs of 4 to 6 laps, making adjustments to the springs, anti-
roll bar and front wingto balancethe ca.

Since one of the stock setups' charaderisticsis aladk of rea tradion urder acceeration on exit, |
redly soften the rea springs and barsin relation to the front. After making ead run, | download telemetry
from the fastest lap and ched ride height (un-smoothed). The ride height needsto be higher than normal to
acommodate the spring movement. To lower the ride height and use padkers to prevent severe bottoming
will only negate the dfeds of the softer springs over bumpsin the crners. [Just for the record: if the track
was snooth like Magry-Cours, we could run stiffer springs and alower ride height. Typically with this
type of setup, the car’s tendency to batom happens more often a the end of a long straight where
aerodynamic downforce is pushing the car into the track In this case, packes are the instruments of
choice astheydon't seveaely affed the handing whil e preventing dank wear ]

E. Alexander’s 1m21s509 front ride height trace over C. Wynn's 1m19.853 reference lap. In the above
trace you can see how the front is bottoming a seven distinct points during the lap. This will require
raising the front ride height dlightly.
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Y ou should seled spring rates for response and grip over the various tradk surfaces, as well astire
temps. Use the atti-roll bars, as well as the front wing, to balance the ca. This phase typicdly takes a
while and you can easily make adozen or so saved setup changes before feding good enough to proceea.
The general phil osophy is to soften the rea to cope with overstee on turn-in and give better acceeration
out of the arners. Meanwhile, what I've done is ftened the front springs for better grip over the bumps
and increased the front anti-roll bar to balance out the casrea adjustments. All duringthistime, I'm more
focused on fed and response & oppcsed to laptimes.
Incidentally, as aresult of these simple aljustments, my
lap time drops to 1Im20s612 Almost a second faster.
The ca is very good under accéeration on corner exit,
but the turn-in response till needs to be fine-tuned.

The ca isoveral easier to drive.

Y ou should also constantly be analyzing your
line aound the lap. The diagram to the left shows my
line through Bridge. The telemetry track map is very
useful to show which line is faster and why. Use the
left mouse button to click and drag a sedion to analyze
This will zoom in on the track map and highlight the
acompanying traces. Incremental Time Differenceisa
gred traceto use for this (seebelow).

Incremental time difference: Gray = C.W. 1m19.987, red = E.A. 1m21m506; yellow = E.A. 1m20s612

In the &ovetracel can seethat I'm losingtime & Stowe, Club, and Abbey. Thereisaseoond and
a half to be had there. During the fine-tuning phase with the dampers, I'll focus on these @rnersto set the
changes.

Establishing asetup + Suspension Fine-tuning

Still doing low-fuel, 4 to 6 lap stints, you can proceel to start damper adjustments. From the
corner charaderistics already noted, | incresse the front dampers slow resporse to increse the
responsivenessof the front end. At the sametime, | deaease the rea damper slow adjustments (both bump
and rebound) to improve rea grip even more. This is a win-win situation. Remember how stiff springs
defled energy? With the latest changes, the front dampers are keeping the weight reaward and the soft
rea springs keep the energy stored there for a longer period under transfer. In other words: more grip at
therea. At the sametime, those stiffer front dampers help the steeing wheel movements to translate more
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quickly into the front wheds. | accompany the stiffer front damper adjustments with some alditional front
wing angle to regain any grip | may lose from the front tires.

After several stints while making the &ove aljustments, | find that the ca still doesn't have the
front grip that 1'd like it to. Response is much improved, but the ca still understea's when pushed. | turn
to my static setup reference chart to seewhere | have some room to make adjustments and find my front
anti-roll bar to be only 20 k/mm below midpant. This leads to a radicd 50 k/mm reduction to see what
type of change | can achieve. Amazingly, this works wonders, and as a result of this plus a bit more front
wing angle, I'm able to get to the goex with more mntrol while carying more speed.

This alows me to redly start to focus on my
line ayain. The diagram to the left shows how | can
adhieve the mrred line through Abbey easier and with
more predsion than before. However this points out
the cas poa behavior when acceerating over the
kerbs. To help with this | reduce the rear damper fast
bump and rebound. This gives the suspension a bit
more give when the tire impads the kerbs and thus
kees the tires weighted longer. This in turn kees
them from hopping off the ground whereas the engine
torque would start to spin the rea tires.

The ca is now feds more nimble and can be
handled aggressively around the track. Timeto put on
some new Bridgestones and get that time down. | go
for a few Flyers® back to badk and put in a time of
1m19s197. More importantly, most laps are in the
1ml19s range. Bumps don't upset the ca and the
power can be put down ealier than ever before.
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The @ove Chasss Slip Angle traceshows the alded grip the ca has achieved. Note the grip is
not rail-like, but rather, the ca handles better by bre&king away dower and more gradually, allowing the
cars limit to exploited easier. This is refleded in the top right trace note how in the highlighted Abbey
sedion, the 1m19s197 lap (green) has much more sli p than the Slower 1m20s6121ap (yellow). The friction
circle in the lower right corner shows how this increased dlip allows a higher lateral acceeration to be
maintained. The Velocity traceshows I'm averaging almost 5mph more through Abbey now.

Note the method so far: agodynamic wing/gea ratio/brake bias adjustments. Next, spring, anti-
roll bar and ride height adjustments. Finally, fine-tune the mechanica grip with damper adjustments. The
whole time, you should be monitoring and adjusting the tire pressures and camber settings to maximize the
tiresgrip and dia in the optimum tire temperatures. [Her€'sa side note: higher tire temps are caused when
the springs/damper combinations don't absorb enough energy and the resulting weight transfer is defleced
diredly into thetire. Thiswill become more aitical in adaging thisto arace setup.]

After quite afew more unsuccessful changes, | find myself unable to break into the 1m18s times.
This makes me rethink my downforce from the wings. | dedde to add davnforce, losing top speed, but
hoping to make up even more time in the third sedor. In order to do this, | have to start badk at the top as
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far as fine-tuning the wings, geas and ride height goes. | add 6 degrees of wing, front and rea, adjusting
the geasacordingly. And | raise the casride height 2/10" of a cetimeter.

Another thing to revisit is my camber and tire pressure settings. While I've been constantly fine-
tuning these parameters to nea perfedion, these new downforce aljustments mean I'll probably have to
make afew minor re-adjustments. But the basic properties of the springs, dampers and anti-roll bars will
trangition fine to my new downforce settings.

After afew gtintsto perfed the geaing, I'm realy to go for times. | runthree5-lap stints bad to
badk and set a new session fast lap of 1m18s873 | aso think | could better that time down to a 1m18s5
with a bit more running. And again, the cnsistency is there & | ran several high 1m18s and low 1m19s.
Not only isthe ca easier to drive, without a doubt it's a second and a half faster than when | started, even
though my top speed on Hanger Straight is now 196mph. The Arrows Cosworth V-10 is about 30-40hp
down on the Ferrari, BMW, and Mercedes engines. That puts me & an estimated second to a one-and-a
half second deficit to those top tier cars. It's quite possble that this sstup would yield a Im17s lap in the
Ferrari with some minor alterations. That'sin the running for pole pasition at 100% oppasition levels.

Incremental time difference: Gray = C.W. 1m19.987, yellow = E.A. 1m19m197, green = E.A. 1m18s873

In the &ove trace we @n seethe ca is consistently fast acossthe entire lap, constantly making
up time against the gray referenceline. | lost a bit at Brooklands, but quickly regained that immediately.
We can also seehow the added downforce made the ca slower in the first 2 sedors, but it came out faster
overall by the deareased timein the 3" sedtor.

Establishing asetup + Qualifying Setup

My setup is already a good qualifying setup, but there ae afew things | can do to take it a bit
further. Plank wea islessof afador so you can try lowering the ca a small amount more. Be caeful not
to lose performance by lowering it too much: dragging the rea end can be very costly to the stopwatch on a
long straight.

You might also make small adjustments to camber and toe to improve the cas dirediona
response, as tire wea will not be an issue for the twelve qualifying laps alowed. Some people ajust the
brake and radiators to their smallest settings, but this can have bad side dfeds. Be sure not to run those
brakes too hot, as youll get dightly reduced braking performance

Pradice your qualifying runs o asto have an ideaof what you can do. During qualifying, | like
to go out and runfiveto six laps, that way | can be sure to get threeto four hot lapsin, just to get agood|ap
on the boards. After that, | can wait and seewhat everyone dse's initial times are. Later, | can run two
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separate 3-lap stints, or another 6-lap stint depending on how good | fed about the setup. Still, it helps to
pradice this in advance as the twelve laps allowed in qualifying alow little room for last minute
adjustments.

Establishing asetup = Race Setup

Radng is a different beast altogether. The driver must be @le to take cae of the tires and brakes
over theracedistance Typicdly this means adding downforce, adding ride height, and altering the springs
and dampers to keep the tires at their optimum temperatures. The racesetup is diredly tied to the race
strategy. Many things sould be cmnsidered in the dedsion making process

1. Speead: How fast can you run on the various tire @mpounds? Try running full-tank stints and log
average lap times as well as fastest and slowest lap times.

2. Tirewea: Can you run the desired number of laps with the soft compound?

3. Pit lane: How quick is the pit lane from pit in to pit out? Silverstone or Monza short, straight, and
quick. Magny-Cours or Sepang: long, winding, and risky.

4. Starting position: Starting up front: be more mnservative, attempt to control the pace Starting in badk:
Risk more by using extreme setups. Run alight fuel load hoping to make up pdasitions ealy or run a
heavy fuel load and make fewer stops.

Typicdly the radng setup has more downforceto cope with the higher levels of fuel. You should
run several stints with 70 liters or so of fuel onboard, making necessary changes to ride height and small
agodynamic balance aljustments. The only reason to deviate from the setups fring and damper settings
would be to try to lower a spedfic tires temperature in order to get the necessary tire wea for the chosen
strategy.

Another thing to watch out for is brake wea. At the end of your full tank run, be sure to chedk
brake wea. This can be used to cdculate pad wea over the racedistance.  And while on that run, take
note of any adjustment to brake bias as the ca lightens. It can be made into a science as to when and how
much to adjust the bias during aracestint.

Try different fuel levels and tire compounds to seewhat works best for your car and driving style.
In the end, you should have agoodideaof what your strategy is, down to the lap times you'll be looking to
run. Also pradice those pit stopsincluding pit in and pit out laps. The last thing you need in araceis to
run a grea first stint followed by a pit speed limit infradion (or worse: acceerating out of the pitsinto a
spin on the pit exit lane). And dan't forget to reset you brake bias during the pit stop.
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Establishing asetup + Wet Setup

Rain changes everything, and being prepared can redly pay off. | like to have afull wet setup
ready Just in case.® To convert aracesetup to awet setup involves sveral things:

1. Increase your wing angles.
2. Soften you spring rates (make any necessary ride height compensations).
3. Lengthen your gea ratios.

In the wet, grip is everything. For a full wet setup you should dramaticdly increase downforce,
sometimes as much as 50%. You'll also want to soften you spring rate to get maximum grip from the tires.
Try to keep bah of these in propartion to your racesetup. In other words, add equal wing front and rea,
and soften the front and rea springs by equal amounts. As a result of these modifications, youll neel to
re-examine theride height. Be liberal with the ride height, as bottoming in the rain can be cadastrophic.

Finally, you want to adjust the gea ratios © as to lower the torque gplied to the rea wheels.
Lengthening the final drive ratio can sometimes easily accomplish this. Other times, more predse
aterationsto ead gea ratio are required for the various corners of the drcuit. Alternatively, the driver can
also employ a simple technique known as 3hort shifting.° This involves the driver shifting before the
engines pe&k horsepower isreaded, always keeping the ca just out of the maximum power band.

A goodideaisto develop awet setup at a medium downforce tradk with a variety of corners sich
as Silverstone, and label it as your 2Base-WET?® setup. It then becomes relatively easy to adapt the PBase-
WET? setup to various circuits attributes as oppased to modifying your current race set-up at the last
moment. This concept works only with full wet or monsoon setups, as an intermediate setup is best derived
from your racesetup.

Another thing to consider is how to setup the ca for a damp, but drying trad at the start of the
race Init'seasiest guise it might be only fitting intermediate tires to the ca. Other times, it's the dways-
risky choice of adding a bit more downforce on the grid. But be caeful, as the pitfall isadry trad late in
the racewith a ca having rot enough top speed to be competitive.
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“| believethat my personal speed —compared with the drivers I've driven with, because it's only
those guys | can compare myself with - may come from what you do ou of your possibilities. |
beliewe that pure speed isn't always the point; it's what you manage to get out of your potential.
Andthat's where |'ve always been very successful. You know, really working deep with the team,
maximizing my possibilities.®

Michael Schumacher during an interview with 2F1 Racing® magazne January 2000

Conclusions

Hopefully this guide has enlightened you to what exadly these various components are and more
importantly how they interad inside an F1 car. As Miched Schumacher points out in the quote aove, it's
what you manage to get out of your potential. And this certainly includes the cas potential and
maximizing that as well.

Driving style should always be regarded as another fador in setup. One should put forth alot of
analysis into what attributes his or her driving style requires. Through careful understanding of this, one
can quickly discern which diredion a setup must go in order to acommodate the drivers particular style.
Every setup islike ameticulously tail ored suit; while it works grea for one driver, it can be totally counter-
productive to another. With thisin mind, one should understand that when trying another's stup, instant
spedl is not dwaysthe ase. Infad, many timesit's the exad oppasite. In this case, the setup itself is not
poa, it's just missing the technique required to maximize its capabilities. Still, by understanding the
contents of this guide, a driver should be a@le to quickly identify the setup charaderistics and make
adjustments attempting to shift the dfediveness towards a more positive resullt.

A few last things to take with you: when things become frustrating, | find it best to load a proven
and stable setup on to the ca, go out and focus on consistently quick lap times. Sometimes, quite often in
fad, the setup is not the problem. It's a line taken through a crner or a braking point that's being pushed
to far (or not far enough). | quit focusing on the setup and switch my attention to my line, reference paints,
and technique. Many atime, thiswill eventually show up a auple of tenths of a second and a better way to
tadle part of the drcuit, after which | can resume setup modifications.

And finally, | refer to this guides beginning lines again: There is no substitute for logging the laps
that make your readions to the ca become second nature. There is no quick way to lean a new circuit so
you can concentrate totally on what the ca isdoing at any given point in time. The only way to be faster is
to pradice, read, lean, and pradice some more.
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References and r esour ces

Conversion formulas: Imperial to Metric

Length Conversion Factors

To convert  from to multiply by
mile (US Statute)  kilometer (km) 1.609347
inch (in) millimeter (mm) 254 *

inch (in) centimeter (cm) 254 *

inch (in) meter (m) 0.0254 *

foot (ft) meter (m) 0.3048 *

yard (yd) meter (m) 0.9144 *

Volume Conversion Factors

To convert from to multiply by
gallon (gal) liter 4.546
Canada liquid

gallon (gal) cubic meter (cu m) 0.004546
Canada liquid

gallon (gal) liter 3.7854118
U.S. liquid**

gallon (gal) cubic meter (cu m) 0.00378541
U.S. liquid

Force Conversion Factors

To convert from to multiply by

pound ( Ib) kilogram (kg) 0.45359 24
avoirdupois

pound ( Ib) newton (N) 4.448222

Presaure or StressConversion Factors

To convert from to multiply by
pound per square pascal (Pa) 6,894.757
inch ( psi)
pound per square megapascal ( MPa) 0.00689476
inch ( psi)

M ass(weight) Conversion Factor

To convert from to multiply by
pound ( Ib) kilogram (kg) 0.4535924
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Temperature Conversion Factors

Temperature
degree Fahrenheit (F) degree Celsius (C) tc=(tF-32)/1.8
degree Fahrenheit (F) kelvin (K) tk = (tF+459.7)/1.8
kelvin (K) degree Celsius (C) tc=tk-273.15

Power Conversion Factors

Velocity
mile per hour (mph)  kilometer per hour(km/hr) 1.60934
mile per hour (mph)  meter per second (m/s) 0.44704

*indicates that the factor given is exact.
**One U.S. gallon equals 0.8327 Canadian gallon.
t--A  pascal equals 1.000 newton per square meter.

M ore Useful Conversion Factors

Quantity From English To Metric
Multiply
Units Units
Mass Ib kg 0.4536
kip (1000 Ib) metric ton (1000kg) 0.4536

Mass/unit  length plf kg/m 1.488
Mass/unit  area psf kg/m 2 4.882
Mass density pcf kg/m 3 16.02
Force Ib N 4.448

kip kN
Force/unit length plf N/m 14.59

kif kN/m
Pressure (stress)
modules of
elasticity psf Pa 47.88

ksf kPa

psi kPa

ksi MPa
Bending moment ft- Ib N . m
Torque (moment of force) ft- kip KN. m

* 4 significant digits
** denotes exact conversion

by*

4.448

14.59

47.88
6.895
6.895

1.356
1.356
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Websites:

Technical information (Formula 1)

GTF1 — Gruers Technical F1
http://www.gtf1.com

F1 Factor
http://www.f1fador.co.uk/articles’2002tech

F1 technical
http://www.f1technicd.net

F1Mech.com
http://www.f1mec.com

Technical F1
http://www.technicdfl.com

EA SportsF1 2002 add-ons and info

01 Ferrari-Fans SpeedsimS Zone
http://teamspeedsims.com/zerolferrarifan

Driving ltalia
http://www.drivingitalia.com

EA Sports F1 2002 World Lap Records
http://f1lap.eaeurope.com/lapup/default.aspx

Emac F1
http://www.emacfl.com./

F1 Online
http://fLonline.m4driving.sm

F12K1.de
http://f12k2.relaygames.com/

Find the Limit
http://www.findthelimit.com

HighGear EA F1 2002 Forum
http://dynamic2.gamespy.com/~hg/forums/forumdisplay.php?s=& forumid=23

Racing Sim Developers Group
http://www.rsdg.net

SimBin Development Team
http://www.si mbin.com/sbdt/index.html
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Websites (continued):

Advanced M enus

FlyingCamel's advance menu
http://www.si mbin.com/forum/index.php?ad=ST & f=28& t=38758& hl=advanced+menu& s=2396 b 8la3adab
c8bd4965a04d05e4b07

FlyingCamel's compact advance menu
http://www.simbin.com/forum/index.php?ad=ST & f=30& t=4161& s=a95e2462:f867c8984b6087c6b2b048

RacerAlex advance setup menu
http://dynamic2.gamespy.com/~hg/forums/showthread.php?s=& threadid=474 1% highlight=menu

Publications

“Competition Driving” by Alain Prost and Pierre- Francois  Rousselot
Hazelton Publishing LTD, 3 Richmond Hill, Richmond, Surrey, TW106RE

England

http://www.hazdtonpublishing.com/

“HARDCORESIM Racer” magazine

HARDCORESIM Publishing, P.O. Box 5532 Kingsport, Tennessee, 37663
United States

http://www.hardcoresim.com

“Principles of Race Driving” by Ayrton Senna
Hazelton Publishing LTD, 3 Richmond Hill, Richmond, Surrey, TW106RE
England

http://www.hazdtonpublishing.com/
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