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71 SERIES - Our largest capacity filters. Large 2.47"

72 SERIES - Same large-capacity, 2.47” diameter body
diameter; Two lengths. Reusable SS elements: 10, 20,

as our 71 Series but with a 2-piece body that couples
45, 60, 75, 100 or 120 micron; High-pressure core. together with a Clamshell Quick Disconnect for quick
Choice of AN style or Quick Disconnect end caps. = service. 72 Series uses the same stainless steel
Options include: differential pressure by-pass valve; elements, mounting hardware and end fittings

auxiliary ports for temp probe, pressure regulator, efc.; as 71 Series.
Qutlet caps with differential pressure gauge
ports to measure pressure drop. ‘

71 SERIES MULTI-STACK - FAILSAFE STAGED FILTRATION

Multi-Stack adapter sections allow the stacking of two or more 71 Series bodlies, o
Jong or short, 50 you can combine a variety of firation rates or backup elements. il
Use a coarse micron screen element to fiter out large debris upstream,

followed by a tighter micron second-stage element to get smaller

contaminants. Options include: adapters with take-off ports to

faciltate the use of a differential pressure gauge which monitors

contamination levels in all stages of the filter assembly.

Stack and Stage
Ful Maxlmum

SPACE SAVER SERIES - OUR MOST COMPACT FILTERS On Race Day
3 Body Styles - 7 Choices of Screens
About 1 1/8” diameter they fit everywhere and they do the job right for
50 many applications! 2 sets of O-Rings for a variety of racing fuids.
Choose from 10, 20, 40, 60, 75, 100, or 120 micron screens suit all needs.

oCailp ~WZE = IRODUHG
oy THE NEW 70 SERIES
77 i Compact 1.97" diameter body features a springless design
& to maximize fitering area i tight spaces. 70 Series fiters are ideal fo applications
. where space and weight are of primaty concem. Bodlies are avaiable with AN-style

end cap sizes -4 tough -12, n heavy or ightweight wall versions. 70 Series fiter
SPACE SAVER DRY SUMP - Same space-saving size, these dry sump in two varieties: pl (10 or 20 micron) or reusable

fiters include a coarse-screen #16 mesh filter that protects your pump Ppleated stainless steel wire (10, 20, 45 60, 75, 100, or 120 micron). Undercut inlet
in high-volume race applications.

end caps (sizes -4 through -10) offer maximum weight savings and modern look.

70 SERIES Pleated Stainless Steel or Cellulose Elements
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My Road-Keeper system is awesomel... The track-
side support was top notch and my unit did exactly
what | needed it to do... | love that it starts recording
when | start the car and stops when |
turn the car offk It just works;_—_,__

- Matt D, B-Spec racer, US

na:""

The Road-Keeper HD video and data logger is used across the globe for
e Driving Experience Videos e Driver Coaching ® Racing e Track Days
® Flight Schools e Daily Driver Safety Camera
Custom designed Instant Video players for macOS and Windows

JE““% e

Two HD cameras with audio Use with Race-Keeper
: Fast GPS data Comparo analysis app
aﬂﬂ -
% Race-Keeper Auto record Lap and split times, track
functions map, outing comparison,
= Rapid install exports

ACE Get your Road-Keeper HD today
I /=]—J atwww.Road-Keeper.com

Connect with us: info@race-keeper.com 00 0
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B OUT LAP - STEWART MITCHELL

= The road ahead

How Formula E is pushing development of electric passenger car technology

e are amid a necessary revolution The California-based company’s c ts for sustainable, high EVs. The
the motorsport and automotive will be part of the spec chassis provided by Gen3 car is therefore also the first formula car
spheres. The requirement for high- Spark Racing Technologies. aligned to Life Cycle Thinking, with a designed-

efficiency powertrain to lower CO, emissions
means race series organisers and governments
alike are pushing for equally efficient solutions
to the task of moving a vehicle forward.
Motorsport often talks about road
relevance, and has had its place in changing,

Itwill also be the first contemporary formula
car not to feature hydraulic rear brakes. Thanks
to the addition of the front powertrain and its
regenerative capability, as well as that on the
rear drive system, all rear wheel deceleration will
be achieved through electrical regeneration. A

in second life for tyres, broken parts and battery
cells. Additionally, we're told, the Gen3 will be
net zero carbon, reinforcing Formula E's status
asthe first motorsports series to be net zero
carbon from inception.

While teams are set to take delivery of the

orat least popularising, certain areas
in the showroom. Carbon fibre trim is
an obvious example, paddle shift gear
change another. Likewise, when the
turbo F1 era got underway in the 1980s,
we saw more turbo cars built for the road.
Right now, though, ecology is a huge
subject, so should motorsport play its
partin that trend, too?

Intersection
In the contemporary era, the area of
motorsport that has attracted the most
attention from car manufacturers as
aplatform for road car development

is Formula E. The third generation
(Gen3) all-electric racecar that will
debut in Season 9 of the Formula E
World Championship is designed to
be, as former FIA president, Jean Todt,
said, A machine at the intersection

of high performance, efficiency and
sustainability!

The Gen3 Formula E car has been
touted as the world’s most efficient
racecar, but is that just hyperbole? The
organisers say at least 40 per cent of
the energy used within a race will be
produced by the cars'regenerative
braking and it will be the first formula car
with both front and rear

The newly introduced front
powertrain adds 250kW of regenerative

Gens3 chassis in spring 2022, following
intensive development testing on and
off the track, the manufacturers are hard
atwork developing the rear powertrain
for the new season. One example is
GKN Automotive, which s partnered
with the Jaguar TCS Racing team, and
contributes engineering support for the
development of the team’s powertrain.

3emnuos

Software development
Design of the Formula E powertrain is
governed by a stringent set of technical
regulations that restricts the scope of
development, meaning software is one
of the main areas in which performance
can be maximised. According to GKN
Automotive, it is here that Formula E
benefits road products considerably.

Engineers in the Formula E
programme bring back to GKN
Automotive real-world knowledge that
helps them accelerate their software
development and promotes knowledge
sharing between the two companies,
which can only increase the race-to-road
benefits derived from partnering with
JaguarTCS Racing.

Seven manufacturers in total have
been accepted by the FIA to compete
in the start of the Gen3 era. These are
DS Automobiles, Jaguar, Mahindra,
Maserati, Nissan, NIO 333 and Porsche

capacity to the 350kW at the rear, more than
doubling the regenerative capability of
the current Gen?2 car, to 600kW.

maximum of 350kw (470bhp) will be delivered
tothe rear wheels, making the Gen3 capable of
atop speed of 200mph (320km/h).

The company that designs and supplies the The Gen3 car s evidence of the progress in
Formula E battery, Atieva, will be the provider of  EV development achieved by the players in the
the spec front powertrain kit that will be used by championship. Formula E asked automotive
all teams in the Gen3 car. The package includes  industry engineers and experts in sustainability
the Motor Generator Unit (MGU), Motor Control  how the rules should be laid out in a bid to
Unit (MCU), transmission and driveshafts. make the Gen3 rule set a proper proving ground

AG. OEMs such as Hyundai, Ford, BYD and Geely
have also looked at Formula E in recent years,
but none are thought to have committed to run
aGen3 factory programme.

With many race categories struggling to gain
brand interest, could the Formula E concept of
providing a tangible road car-relevant technical
proving ground become the new way for race
series going forward?

The Gen3 is the first formula car aligned to Life Cycle Thinking, with a
designed-in second life for tyre, broken parts and battery cells

JUNE 2022 \wwracecar-engineering.com 5


http://www.racecar-engineering.com/
http://www.racecar-engineering.com/

Y 21 =g

automottve@ products

It doesn’t matter what you race, ARP has the fasteners
to help you win races and set records.

All ARP fasteners are

S manufactured entirely 5,000 catalog items and specials by request
In our own facilities
In Southern California. Outside the U.S.A. +1.805.339.2200
and raced all over

1.800.826.3045 . arp-bolts.com


http://arp-bolts.com/

N SIDETRACK - MIKE BLANCHET
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happenings in Ukraine - and other countries

t00, let's not forget - sport of any kind can
seem frivolous and self-indulgent, This is not
the case, though, because professlonal sport

I ‘guess one could say that, given the monstrous

Ferrari,also display this alarming characteristic.
Mandating a thicker plank underneath the
chassis could be a simple solution, on safety
grounds, as all teams would have to run a higher
effective ride helgm preventing the momentary

provides larg
and much-needed mental escape from the
terrible news constantly hitting our senses.
Which is why the initial boycott of the recent
Saudi Grand Prix, by apparently all the Formula 1

ing d ly tunnel airflow.
However, that would be rather unfair on those.
such as Alpine who have already come up with
satisfactory solutions.
Mercedes s right not to just throw

drivers, was unii The missile strk
fewer than 10 miles from the Jeddah ircut,
tightly caused serious concern, but everything
seemed to centre around meeting the fears of
these 20 highly paid individuals.

Eventually, of course, the race went ahead, but
the kneejerk boycott left a bad taste. Yes, they
are the stars of the show, but what else, really,
makes them so special? Were the opinions of the
F1 team personnel and F2 competitors also taken
into account? Or the course workers, medical
staff, organising personnel, hospitality, media,
marketing, PR and sponsor representatives etc?

In thinking only of themselves, as appeared to
be the case, the drivers clearly did not consider
any of these factors, and showed lttle sign of
loyalty to the sport, let alone the fans, and all
those who make F1 happen.

Rights record

Two o three drivers were also vocal concerning
racing in Saudi Arabia due to the country’s
human rights record, calling into question so-
called ‘sportswashing’ The question is, though,
where to stop? China, for example, has
arepressive attitude to any of its citizens who
don'tfollow the leadership’s rulings. So should
F1 take place there? Bahrain and Qatar also have
received negative scrutiny.

While cancelling the Russian GP was a no-
brainer in the current climate, other situations
are more nuanced, and I'm inclined to agree with
those who, to quote Toto Wolff,'would rather
come here and make the spotlight shine on the
region so it needs to be in a better place!

Porpoising s creating more fishy tales than

fishwives could dream up. For whatever reasons,

tthe car
the reason for the problem (I've been there,
got the t-shirt) but sometimes, to quote former
Williams man, Frank Dernie, a bit of hairy-arsed
engineering'is required.

Money, money, money

Makes the world go round, but it's having an increasingly unsavoury effect on F1

I know from personal experience that it
only needs one weak link in the chain, such asa
flexing upright / bearing assembly, for example,

especially with the loads these heavy and
downforce-laden machines create.

In addition, Hamilton's frustrations in Australia
at having to back off due to overheating indicate
(he Brackley team's long-time design concept of

g hing to the limit, on th ti
of| be\'ng infront, in clean air, may need revising
under the new regulations, as so far it has
displayed no capabilty of achieving this.

The budget cap requires teams take a
different approach to their design philosophies,
and be more agile in their responses to problems.

Worrying words

On a broader front, somewhat worrying is a
statement by F1 CEO, Stefano Domenicali,
warning its ot enough to have a pedigree

any more'for races to keep their place on the
calendar, and that the arrival of new events
would force the organisers of traditional grands
prix to raise their level of quality!

Quite what this last comment means is not
immediately apparent, but it is a clear breach
of Liberty’s commitment when acquiring F1
to respect the history of the sport and ensure
that the most iconic circuits be retained. Las
Vegas may be a turn on for many, and one
can understand the financial benefits for all
participants, but give me Spa or Suzuka any day
where, apart from the driving challenge, the

As I've mentioned before, the Silver Arrows
team is extremely data driven, which has led to
great success over the last eight years. However,
t0o much data can be confusing. Occasionally,
intuition, experience and clear thinking is what is
required when time is disappearing fast.

If I were in their engineering shoes, Hamilton's
comments that whatever they do to the set-up
doesn't seem to change much would have me
seriously worrying that somewhere in the car
there is a fundamental flaw, and not necessarily

]
of sorting its W13 F1 car. Identifying porpoising
asthe primary reason for the car’s handling
deficiencies doesn't quite seem to stack up. After
all, other cars, not least leading

kd trees and greenery creates a much
finer canvas than the brash neon lip joint of
Nevada at night.

Now pressure is being put on Monaco, that
most iconic of all circuits, via Domenicali's words,
as part of a political game to squeeze more
money out of the Principality.

If not clear before, the driving force behind
allthis s simply to make F1 more of a cash cow
forits owners and the teams, and my regard for
Domenicali has ratcheted down a lot due to his
role in this.

Finally, while 'm on the subject of Domenicali,

ic one. One would supp
conformance rig testing of all key components is
afundamental process of building an F1 car, but
could it be that something in the cleverly crafted
f part: d the net?

heh, that, ‘while
securing an American driver was important,
it also has to be real, quick and long-lasting,
otherwise it will be a boomerang!Try to make
sense of that - | know | can't.

It only needs one weak link in the chain. .. to undermine chassis performance
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DYCAR - FROM IR12 TO IR18

AutoNation

e
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Legendary
status

Few would have guessed when IndyCar first put its car design out to tender
in 2011 that Dallara’s winning bid would still be racing 11 years later.
Racecar looks at the safety upgrades made since
By ANDREW COTTON
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0f the 70 monocoques supplied to teams

in that first year [2011], 27 of them
are still in service and being raced

hen Dallara landed the
contract to provide IndyCar
with its spec car for the
2012 season, the Italian
manufacturer could not have dreamed
that over a decade, and more than 125
monocoques, later, it would still be
providing pretty much the same design to
the premier US single-seater category.
That is not to say that the design,
originally labelled IR12 and later changed
to DW12 after the unfortunate passing
of British driver, Dan Wheldon, who was

Aerokit of 2018. Shortly afterwards, after
extensive testing and development by Red
Bull Advanced Technologies, the Aeroscreen
was added to the chassis in order to provide
further protection for drivers in the event
of an accident. While the Aeroscreen
was designed to reduce the chance of
shrapnel entering the cockpit, the fitment
process also added torsional strength to
the chassis around the cockpit opening.

The chassis is now known as the IR18,
although chassis that i il

As the hybrid era comes in, now in 2024
following delays, the chassis will continue
to be the spec product for the series, with
only minor upgrades for additional cooling.

Real-world learnings
It should not be a surprise to learn that the
car has been updated following learnings
from major crashes on track. After all, while
crash testing provides the basic protection
requirements, real-world accidents at

d l informative, and

supplied to teams more than 11 years ago

in ofthe car,
has gone unchanged. A series of accidents
inracing conditions have resulted in real
world lessons learned, and they have led
to some significant safety upgrades.

During that time, the chassis has
weathered major changes i the sport, from
the first aerokit that was designed by Dallara,

pete with the required
updates. Of the 70 monocogues that were
supplied to teamsin that first year, 27 of them
are stillin service and being raced. In fact,

the only ones that aren't are those written
offin crashes, or 11 that have been retired

by teams after winning big races such as

to the manufacturers'own d from

the Indi: is 500, or

IndyCar's safety team has never wasted
any time in implementing changes.

The original design brief was for the
chassis, and particularly the bodywork,
to prevent one car mounting another
and flying through the air if a wheel
from one car impacts another.

The first test of the new design came
at Sonoma Raceway in 2012, when

It i forth

Chevrolet and Honda, back to the Universal

manufacturer, but there is more to come.

Sebastien Bourdais and Josef Newgarden
came together. Bourdais ran wide on

JUNE2022 Wwwiracecar-engineering.com 9
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cold tyres across the dirt and, as he came
back onto the track, he made contact

with Newgarden, who subsequently went
off. The American impacted the tyres

hard and bounced back into Bourdais.

The IndyCar team had seen enough to

make its first upgrade to the chassis.

‘Newgarden's attenuator punched
into the side of the monocoque/ says Alex
Timmermans, chief of design at Dallara LLC
in the US. It cracked and broke the side of
the monocoque, so we realised we would
like to have more energy absorbing structure
and rigidity on the side of the monocoque!

Abolt-on part, the first of the side
impact protection devices that are now
common in modern single seaters, was
fitted by drilling through the monocoque
and bonding in aluminium top hats
down the side of the cockpit.

The design was updated later, with the
inserts laminated into the monocoque so
teams no longer had to drill through the
carbon, but they remained bolt-on parts.

T-bone mistake

“We have always been susceptible to t-bone
accidents, notes Timmermans. ‘That's when
we have either the nose or the attenuator
of a car going into the side of another car,
and that's when we find we're getting some
monocoque damage. That happened a
couple of times - think Justin Wilson in
Fontana in 2013. think we can safely say
that if it hadn't been there, [the damage and
injury] would have been worse. It broke some
of the [side impact protection structure]!

In that instance, Wilson lost control on an
oval and, as he spun, was caught by Tristan
Vautier’s car in a classic t-bone situation.
Despite the extra side-impact protection,
Wilson broke his pelvis in three places.

Working with special panels
manufactured by Dallara and installed by
Aerodine, the second round of monocoque
updates consisted of two solid carbon panels.
mounted inside and outside the cockpit
and a solid carbon structure around the
upper opening of the cockpit. Weight of
the monocoque increased by 5.3kg in the
process, but IndyCar's design team felt the
safety improvement was worth the penalty.

‘I'think we can say that Justin Wilson's
2013 accident was the motivation for that,
says Timmermans. ‘The panel marked in
green [above, right] was about an eighth of
an inch, or 3mm, of solid carbon fibre bonded
on, and that basically was the opening
area to the radiator inlet duct. That area
was therefore unprotected by bodywork,
and it just so happened to align with the

)~
r—

That was a 3mm thick carbon surround
laid around the top of the monocoque, and
Dallara had to manage the flow of work
to each of the cars competing in the 2014
season to carry out that update. Since then,
there has been no accident where the nose of
one car has ingressed the cockpit of another.

Zylon run
Zylon is a material that has become
‘common in racing circles and the DW12

Bolt-on ide impact
structures were
designed, developed
and instigated in 2013

The new side-impact
structures hadan
immediate impact on
driver safety, proven
‘when Justin Wilson put
them toa reak-world test
atFontana in 2013

Hinchliffe’s right front suspension broke
as he followed Juan Pablo Montoya around
the circuit, and he understeered into the
wall. The lower suspension arm impaled
hisleg and pierced his femoral artery. He
was consequently hospitalised for 10 days
(far less time than doctors had expected),
but IndyCar clearly had to do something to
prevent such an accident occurring again.

‘It was the only time | can think of
that we had a wishbone penetrate the

ith such panels
from the start. In fact, IndyCar chassis have
been fitted with Zylon panels since 2008.

Cockpit sides are re-inforced with 5.5mm
thick Zylon panels, while behind the rear
bulkhead that drops to 3.5mm around the
area of the fuel tank bladder. A length of
Zylon runs from the front of the cockpit to
the rear of the monocoque, and this
has become one of the primary safety
devices in all forms of motor racing, from
Prototypes at Le Mans to IndyCar.

‘It has hard to overstate its
effectiveness; says Timmermans. That
was a big separator between the old
monocoques (pre-DW12) and the new
ones with Zylon. Itis really one of the best
improvements that has ever been made!

Another year, another accident and
another update to the chassis. This
time it was James Hinchliffe’s crash at
Indianapolis in 2015 where the Canadian
suffered a punctured leg following a lower
wishbone entering the cockpit. Despite

nose height of thatwas
involved in Justin’s accident. We had various
cracks around the cockpit rim as well, soa
further panel was added for that purpose!

10 Wwwiacecarengineeringcom JUNE 2022

allthy t safety work that had
been undertaken by the technical team,
accidents do tend to have a habit of exposing
previously unthought-of weaknesses.

/notes "The right
front lower wishbone entered through a
pocket, where the Zylon goes around it.
The suspension mounting block mounts,
ontop of the chassis, which i just pure
carbon fibre. The wishbone broke off at the
end of the nutand it found an opening!

The first of a three-part fix was a new
mounting point within a recess in the cockpit,
{shown in blue in the illustration above
tight], which would reduce the possibility of
the part spearing through the monocoque
skin. The second was an extension of the
cockpit reinforcement plate [shown in green,
above right] that was then covered by an
anti-intrusion plate bonded to the top of the
cockpit reinforcement. That was enough to

Alength of Zylon runs from
the front of the cockpit to the
rear, and this has become one
of the primary safety devices
in all forms of motor racing
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hown in blue, 201

and bonded to the monocoque around it

Accidents do tend to have a
habit of exposing previously
unthought-of weaknesses

2015

in2018

spread the load in case of an accident,
while arather inelegant but strong washer
{shown in purple, above], made up of
multiple layers, physically reduced the
amount any part was able to penetrate the
cockpit. The fix was carried out fast enough
that, within two races, each of the cars was.
fitted with it, ensuring further driver safety
for subsequent rounds of the series.

Immediate effect

"As soon as we started working on the

Honda's 2015

“The wishbone sat on top of the block
and was held in place. The hardened steel
plate created a very hard, lowfriction surface
for the wishbone to slide along. That was
done with a previous car, but we felt that
with the Zylon we weren't going to need
that panel. As it turns out, we saw the value
of it because a hardened stainless steel
plate behaves very differently [to Zylon!
One of the issues that came to light
during post-accident investigation was the
lower wishbone had been reinforced when

project, P h

machining new components, in maybe

two days; recalls Timmermans. First was
the block that fitted into the hole where
Hinchliffe’s lower wishbone had penetrated,

the aer introduced
in 2015. It therefore had a higher resistance
to buckling, which moved the area of
pressure and, in this particular, unusual

and sat flush with

case, its tip was able to punch a hole in
the . Ti i

‘When we reinforced i, it stopped buckling,
but other things started to break. For
instance, the bolt at the end was shearing,
and then the rod ends would bottom out,
and then it would break the rod end:

The reinforced washer encourages the
rod end to deflect down the side of the
cockpit, and this has proven a successful
measure in subsequent accidents
experienced by other drivers. According
toIndyCar,investigations have shown the
washer to buckle, so it doing its job well.

Bodywork tethers

Later, in what turned out to be a traumatic
2015 season, Justin Wilson was involved
inan accident that claimed his life. Sage
Karem crashed at Pocono and the nosecone
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For the 2016 season, e Thenosecns
IndyCar introduced ’
tethers to hold the
larger pieces of
bodywork close to
the crashed car, ina
similar way to how
uprights are tethered

ot toallow the nosecone or wing to ingress the codkpit

race conditions a ittle trickier but could save lives

of his car flew into the air,impacting
the following Wilson on the head as
the Briton rounded the corner. It was a
shocking incident that took one of the
most popular drivers in the paddock, and
IndyCar's safety team had to find solutions
to prevent another similar tragedy.

In another round of safety bulletins
brought in for the 2016 season, IndyCar

introduced tethers to hold the larger pieces  The other end of the tetheris mounted under the front
of bodywork close to a crashed car,ina ‘wing main plane, and has to be very securely attached.
similar way to how the uprights are IndyCar mandates the required fiting process

tethered. That's easier said than done,
however, as the tethers themselves must

be attached to a hard point. In the case Additional tethers were ntroduced forthe Pocono
of the nosecone, for example, theyre Toundin 2016, IndyCar’ssafety team certifying and
attached to the pedal bulkhead. A steel supplying them to teams to ft to their cars

plate was added under the front wing
main plane to provide the other end for
the tether, and these were implemented
for the first race of the new year in 2016,

‘We made an improvement to the
retention of the mounting block by adding
reinforcement to the bottom side of the
front wing main plane, with the idea that
if you have a big accident that detaches
the nose from the monocoque you would
hopefully be able to hold on to the front wing
main plane and nose; says Timmermans.

One of the complicating factors was that
this was the era of aerokits,
and soa standard solution had to be found.

‘We spent more time on it that we should
have, really, admits Timmermans.'We had
weeks of going back and forth with different
ideas because we were not able to throw
away all the front main planes. That just wasn't
going to happen, so we had to find a retro-fit
solution. When we went back to common

parts, we could tether it allthe way through: Teams had to repare
the bushes andtub pas-
In the wings through holes before
Anyone who was at the Niirburgring in 1997 bonding thebushes,
will ecall with horror the F3000 accident showninred,infromthe
that ended the career of Dino Morelli. The outside of thetub with

County Antrim driver ran into the back of epoxy, such as Hysol 9460
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RH Panel

Gareth Rees'car when Rees ran over a kerb,
and the front wing folded undemeath the
monocoque. Without steering, and in the wet,
he drifted towards the pit wall where the
unsighted Morelliran into the back of him.
That ripped the nose and wheels from
his car and, with throttle wide open, he
headed into the barriers at the first comer.
IndyCar says it has never had a case of
awing folding under a car in that way, and
that normally on the Speedways wings tend
to shatter. On road courses, the wing would
break under a car. There are upper and lower
nose pins that hold the noses in place, and
the tether can be released by a quick-release
pin during a race in case of damage.

On a tight leash

“There was quite a lot of discussion about
the length of the tether, says Timmermans.
‘Before the Aeroscreen, we spenta lot

of time on tether length, trying to make
sure an assembly could not get back into
‘the cockpit. You can see that it's a little bit
fiddly when the guys go to change the
main plane on pit road because they can't
pull the nose very far away from the car as
everything is so tight. But that's necessary.

Unusualaccidents often drive safety developments. For example, the

headset

(4). These were not included in the 2018 aerokit

In 2015, IndyCar introduced expanded
foam into . This was developed

amore rigid design to help absorb more
energy in the event of a side impact.

In order to do so, the radiators had to
be moved forwards to offer some extra
protection around the cockpit opening, in a
more traditional location for a single seater.
The radiiator duct was then structurally
re-designed to improve stiffness and
try to absorb some of the energy, rather
than transfer it directly to the cockpit.

“The radiator duct s laid up with 10mm
of honeycomb throughout that region, and
many plies of carbon and Dyneema, which
makes it very strong; explains Timmermans.
‘Normally, you could grab the bodywork
and flexit with your hand. This [area] is built
more ke it's really stout.

totry to control the deceleration rate
and the energy absorption of the drivers
inalateral accident. The routing of the
cabling and tubing for the air jacks also
had to be revisited to enable the change,
which was not the work of a moment.

Onthe outside of thatis an upper piece,
made up of two bonded parts to form top.
and bottom skins. That is also strong!

Side-impact structures

FlAstyle side-impact structures were
I duced

Itcame asa of Ryan Hunter-

integral part of the

Reay's accident in qualifying at Pocono. The
electronic download connector placed in the
cockpit was just i the wrong place for the
American driver. The connector impacted

his hip, and IndyCar was once again forced

design at this point. These were conceived
to protect the survival cell in the event of
the most dangerous, 90-degree
angle of impact.

“That's probably the most threatening

tomakea change n th of driver
safety. Again, this was a complicated one
as there was some plumbing involved.
"We had a problem with side impact where
drivers were getting into that connector;
notes Timmermans. It a carbon bracket with
asoft, gentle curve around the outside of |

Structural sidepod

for / confirms.
Timmermans. The u-shaped structure

of the sidepod] is intended to be quite
good for side impact, We tried to distribute
the force from the middle of the structure
to the dash bulkhead and seat back
bulkhead. This one i quite difficult to make,
though, because it is not a simple, singular
laminated like a nosecone.

Afurther big change came in 2018 with
the introduction of the structural sidepod.
Rather than have the sidepods as merely
housings for radiators and coolers, it was
decided that the IR18 chassis would carry

“You can do some pretty advanced, but
reliable, simulations of energy absorption
in a specific type of impact. But this one,
with all the complexities and bonded
joints in this area, is much more difficult.
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B INDYCAR - FROM IR12TO IR18

Takuma Sato was one of the first to
properly test the structure when he crashed
in Firestone testing in Texas. He touched
the outside wall,and that sent the car
spinning to the inside wall and a heavy
impact. Despite some high loads in the
accident, the chassis was hardly damaged.

“You had to get all o the bodywork off
the car and hold a straight edge toit, ora
template, to find the bow, but it was there;

2019Indy 500

says Our stru
the strength of the monocoque, so we added
holesto reduce the buckling strength and
encourage more energy absorption before
the monocoque could be damaged.

“As you can imagine, our sort of crashes are
not particularly similar to Formula 1 crashes;
says Timmermans. Our strength requirements
are greater than their strength requirements,
and we have to be make our car strong
enough to crash at the Indianapolis 500:

Frontal protection
Following Wilson's accident, IndyCar wanted
to add something to aid head protection

heat within. A duct, sh

d p with the
Protection device, comprising a in of
titanium bolted to the chassis ahead of
the cockpit. The idea was to deflect a large
component, such as a wheel and tyre, from
hitting a driver square on, but it was never
properly tested in real-world conditions.

‘I am not aware of it ever actually
deflecting anything, but we wanted to add
head protection to the car and knew that
we wanted to have some type of structure
infront of and above the drivers helmet;
explains Timmermans. We didn't know
exactly what it should look like, but we

“We said let's just bolt on this piece,
because I think in the political climate we
couldn't just do nothing. But we were not fast
enough to do the complete design [then]:

Screening process

The Aeroscreen followed shortly afterwards,
of course, comprising a canopy mounted

at the front and screwed into the original
bolt-on device around the cockpit opening.

Aeroscreen bottom fastening washers were
countersunkin testing, but that changed for the race

According to IndyCar
technical director, Tino Beli, ‘It was done

had done various
structures and were pretty happy with

the idea of connecting those structures

to the centre of the monocoque!

Ultimately, that research formed the
basis of the first attempt at mounting the
Aeroscreen to the cockpit. The mounting
point was strong, integrated and proven to
work,and so it was relatively straightforward
to make the decision to mount the leading
edge of the Aeroscreen in the same place.

14 Voiscecarengineeingeem JUNE 2022

for driver safety, and the knock-on effect

‘was the carbon fibre piece that got bonded

onto the tub added torsionalrigidity!
Naturally, the top of the screen frame

had to be above the drivers'head to offer

maximum protection. As covered in previous

editions of Racecar Engineering, driver cooling,

as well as the mounting process itself, were

all challenges that had to be overcome. The

trailing edge of the Aeroscreen s bolted to

“Its very solid; says Timmermans.'We
weren't able to find as much strength
in the side of the monocoque by the
headrest, so we were not able to put full
load into that section of the monocoque.
Instead, we had to distribute the load
through the roll hoop as well.

“We wanted to keep our top frame always
above the drivers'head in case something
comes down from above. We also have fence

the car’soll h afaring.

les [which d the fatal injury to Dan
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teratic Y
adapted to connect directly to the rollbar

Wheldon in 2011], and now a fence pole

should ride over the top of a [drivers] head!
That was tested by Callum llott, who

had a piece of debris strike the top of

his crash helmet, removing the tube

that feeds cool air onto his head as part

of the Aeroscreen cooling package. The

debris in that instance had impacted the

Aeroscreen and been deflected away from

the head, but IndyCar’s concern was that

witha Halo design, it may have hit the

underside of the top frame and struck him.

Protected investment
Loose debris in the cockpit is one of the
primary reasons IndyCar went for a full screen,
rather than copy Formula 1's Halo. Having an
item strike the underside of the top frame and
impact the body or helmet of a driver could
be catastrophic, so the design team went for
afull screen to offer maximum protection.

It's worth noting here that the various
updates have not been solely to protect
the drivers, but also to protect the teams
from writing off their monocoques which,
at $140,000 (approx. £107,200) each,
represents a huge cost saving for a team
when a car is involved in an accident.

Sato’s accident at Texas in 2018 exposed
another concern. The oil and water tanks,

Formula 1 tri

him feel sick.

Teams have different
perspectives, and
you'd be surprised

at how many of the
good teams look at
the dollar side of it

Alex Timmermans, chief of
design at Dallara LLC, USA

which are pretty stiff and located next to
the thinner skin of the cockpit, did deform
itslightly. It did not crack the carbon, but
outer layers of the plies were damaged,

1ts clear that, despite retaining the
same chassis design, there have been some
significant updates and improvements made
for driver safety in that period that will be
cartied over into the next car. And, having
just signed an extension to the long-running
deal, its highly likely that Dallara that will

be making them although the timing of
their introduction has yet to be confirmed.

Hybrid updates

‘I think it's fair to say that when the

hybrid comes in, it's going to be with

the existing monocoque and bodywork,
concludes Belli. There'll be some updates.
to improve cooling on the right-hand side,
because we now have to cool the engine,
gearbox and hybrid on the right-hand side,
and there will be new Speedway front and
rear wings to give teams more option for

and so IndyCar an optional
steel plate for additional protection.

‘Some teams are going to look at it
and say if they do have an accident and
spend 20 hours trying to get it up to the
same spec as the crashed one, that'sa
performance advantage fin fitting the
plate]. Teams have different perspectives,
and youd be surprised at how many of the
good teams look at the dollar side of it/

go with the extra power. But

the rest of the car will remain the same,
soit’s basically the engine and back end
that will changel. | think it has yet to be
decided when we will do a new car!

For now, the cars s as safe as they
can be as the teams head into the month
of May at Indianapolis for the Indy 500
2022,and teams, drivers and IndyCar
personnel hope for a safe race. ®@
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For the first time since 2011, the British Touring Car Championship has a new
preferred engine supplier.Racecar talks to M-Sport who step up to/l’he challenge

By STEWART MITCHELL

022 marks the start of a powertrain
revolution for the TOCA-organised
British Touring Car Championship
(BTCC). The category becomes
the first Touring Car series in the world to
adopt hybridisation, supplied by Cosworth.
Also new this year is an all-new customer
engine package. For the decade since
2011, Swindon Powertrain had supplied a
competitive TOCA Engine'to the series, with
proven durability and strict cost controls,
available to all BTCC teams who do not wish
to carry out their own engine programme.

16 Wwwiacecarengineeringcom JUNE 2022

But from 2022, that position has been
taken by Cumbria-based M-Sport, awarded
afive-year contract by the series'organising
body to supply the new BTCC TOCA Engine.

With stiff competition from several
interested parties the firm, best known
forits WRC efforts, was shortlisted to
deliver a 10-page pitch to BTCC teams
in May 2020. After the presentation, and
further discussion with M-Sport managing
director, Malcolm Wilson OBE, and technical
director, Nigel Amfield, TOCA selected
M-Sport as its preferred supplier.

M-Sport will now oversee the design,
development and supply of TOCA Engines
to around 50 per cent of the 2022 gri

“We worked throughout the last two years
specifically on this BTCC project; said Amfield
at the final of three 2022 BTCC pre-season
tests held at the Thruxton circuit.‘Designing
an engine to these regulations, and ordering
and producing the necessary parts, took a
ot longer than it would have done before
the global pandemic. Manufacturing was
difficult for the majority of the time, and
getting test engines built so we could do the
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analysis programmes and sign them off on
durability before mass production meant
this was severely compressed timing!

Engine overview

M-Sport chose to use the same Ford-based,
2.0-litre, turbocharged, four-cylinder engine
as proven in the Rally2 cars it has produced
for over 300 customers in the WRC and
national rally championships worldwide.

The engine model used is the latest evolution
of the inline four-cylinder engine Mazda and
Ford produce together. It has had around

chasing down an engine w

BICCs powertrain revolution starts here with a brand
new TOCA Engine and the introduction of hybrid power

‘It cuts out all the costly
research and development to
find an unfair advantage by

h

\a particular characteristic. It
\_means you can be competitive

seven iterations in its lifetime, and the last
of those is the one M-Sport chose as itis the
lightest version of the production engine.
Toachieve this, the engine has an
all-aluminium stock structure. The open-
deck block incorporates the crankcase
extending to the sump, while the five main
bearing caps are tied together in a frame.
Although a proven race engine already,
the Rally2 application differs from BTCC.
“Within the bounds of the Rally2
regulations, you push to get as much power
as possible from the prescribed capacity of

with vkhatever you bring’

Nigel Arnfield, technical director at M-Sport.

the engine; Amfield explains. That means
you push the limits quite a bit. This isn't the
case for the BTCC engine. TOCA balance
the engine with the competition, so the
project’s approach i very different!

Tobetter explain, all engines in the
BTCC are 2.0-litre capacity, four-cylinder,
single turbocharged, petrol units.

TOCA defines very clearly in the
regulations the required output of the
engines. The inlet port flow coefficient
and the camshaft profile prescribe
the available power, which derives
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the boost figure, so the fields power
balances in terms of mass airflow.

“It’s quite a straightforward formula that
works/says Amfield. If you look at how close
the racing is, and how close it has been, to
come out of the box and be mixing it with
the established engines that are several
different configurations, it very effective!

Internal affairs

All BTCC-approved engines have
homologation papers available to the other
manufacturers so each can effectively see at
least some of the specification of competitor
engines. They don't give everything away,

of course, because the detail work goes

into the valvetrain and camshaft profiles,
with the boost being the variable that
brings all engines to the same output.

Deeming the cooling and oiling systems
sufficient in the stock engine, M-Sport did
not address those for the BTCC specification.
Internally, M-Sport also opted to retain the
production crankshaft, which has rolled
fillets and a robust structure. So much so,
Ford carries the design through all its models
that run a four-cylinder engine. No damping
isfitted, it is quite a lightweight design.

M-Sport uses bespoke connecting
rods and pistons to ensure the reliability
of those reciprocating components.'We
lengthened the connecting rod alittle bit
and pushed the pin up into the piston to
make a similar displacement and reduce the
compression height on the piston; notes
Arnfield. ‘The production components
here would likely have been good enough,
but replacing them was a safer bet.

“This was done primarily for reliability
reasons. Pistons in turbocharged engines.
have a pretty hard time, and | wanted to
make sure the connecting rods would be
robust for the sort of mileage that this
engine will go through between rebuilds.

“Also, being a lease engine, we have to
ensure we provide a robust and reliable
power unit to our customers!

Go with the flow

The valvetrain, however, is quite a
considerable departure from the stock
engine. The valve springs and retainers
are the same tried and tested parts as
those used on the firm’s Rally2 engines.
M-sport knew they would be up to the
job as the opening and closing camshaft
lobe profiles on the BTCC engine aren't
as aggressive as typically seen on a race
engine. The primary reason for this is the
balancing factor in the class. There would
be no point building it with an aggressive
profile that creates a large mass flow into
the combustion chamber as the boost
profile would only be reduced to balance
the performance against the other engines.

18 Wwiracecarengineering.com JUNE 2022

The 2.0-ltre, turbocharged,
e orimari

The greater the area under the valve lift
curve, the lower the engine’s boost, which
pushes the engine manufacturers to design

acamshaft profile as economical as possible.

“The valve lftisn't as high as our Rally2
race engine, despite being the same
base engine; explains Amfield. We had
several theoretical valve lft curves that our
engineers developed from a straightforward
1D model, and we dyno tested six profiles
before we settled on the final one.

‘It was challenging to arrive at an
efficient solution that worked for this
application, so Il be surprised if we revise
the camshaft profiles again in the future.
“Its an excellent, cost-effective and
fair formula, and there are very few areas
where you could quickly gain an advantage.
Chasing down performance-enhancing
wave reflections going into the combustion
chamber on the inlet and scavenging
out of the exhaust from the pressure
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Il BTCC - M-SPORT TOCA ENGINE

changes from opening and closing of the
valvetrain is ineffective in this formula. The
gains you can get with it are minimal.

‘The calculation for the boost considers
the camshaft profile, so changing the cam’
changes the boost. You'll gain with one and
lose with the other.t's just a case of being
mindful not to do anything with the camshaft
profile that willaffect the boost calculations.

“The one thing that is unusual in this
category compared to others s that we
can't modify the inlet port. Itis what it is
from the base engine. That's on purpose.
The flow coefficient used to implement
the engine's boost i taken from the base
engine’sinlet port. It doesn't matter whether
you've got a good or lousy port because it
gets balanced out with the boost, It cuts out
allthe costly research and development to
find an unfair advantage by chasing down
an engine with a particular characteristic.

It means you can be competitive with
whatever you bring. It also provides scope
for the different engines in this category.

“The Mountune engine s the closest to
ours. We've used that variant of the Ford
engine in the previous incarnation of our
RS Rally powerplant. I'm pretty familiar with
that, and that one has a very different port to
the engine we've chosen for the BTCCTOCA
Engine, which means it run a greater boost
than we do. But the power it's roughly equal!

Lease structure

Leasing one of the M-Sport-built TOCA
Engines means the engine remains M-Sport
property. It removes any potential for
teams to open the engine and start making
modifications. Because the engine s leased,
itis also sealed, and every competitor that
uses the engine is given exactly the same
specification. At the end of the season, the
engines return to M-Sport for a refresh.

It makes you focus more on durability
and reliability of the components rather
than the ultimate performance product,
says Amfield. ‘There's no reason to push
yourself to make anything fragile. You don't

‘It was challenging to arrive
at an efficient solution that
worked for this application,
so I'll be surprised if we

revise the camshaft profiles

again in the future’
Nigel Arnfield, technical director at M-Sport

want to have service intervals throughout
the season because that would require
the entire batch of engines to come back,
which could be expensive and time-
consuming. The BTCC season is very full-on,
and there wouldn't be an appropriate
time to do that given the schedule.

'S0, it's 5000 miles before a rebuild,
and we thoroughly dyno tested the BTCC

wods

Abatchof identica, sealed unit BTCC TOCA Engines
prepared and ready to be delivered to customers
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‘It’s 5000 miles before
arebuild, and we
thoroughly dyno
tested the BTCC engine
to ensure they could
comfortably achieve
this race milage’

Nigel Amfield, technical director at M-Sport

engine to ensure they could comfortably
achieve this race milage. We have had the
transient dyno for over 20 years,and it
is by far one of, if not the, most effective
development tool we have at M-Sport.
Our durability testing included an entire
season's worth of racing on the transient
dyno using data from the 2019 BTCC season!
Similarly, the hybrid system is supplied
to each team on an annuallease scheme
from Coswarth Electronics. This includes
on-event support and servicing, maintenance
and refurbishment of the units.
The modifications to the current-spec
cars to make the alterations included an
uprated gearbox casing to incorporate the
electric motor, connectors, changes to the
intercooler position and some pipework

Running the engine
Maximising the engine's BMEP (Brake
Mean Effective Pressure) is made
straightforward thanks to its dual variable
valve timing (both inlet and exhaust). In
the BTCC application, it is always running
in the fully open variable valve timing
mode as engine speeds are so consistently
high. This is an efficiency advantage

that many race engine regulations have
avoided for a long time in favour of more
cost-effective fixed camshaft timing.

AAmandated 7000rpm redline is enforced
for BTCC engines and, during a race, the
power units will spend almost all their time
between 6000 and 7000rpm, despite vast
differences in the circuits on the calendar.

‘We developed the engine to perform
in the narrow window of rpm, ensuring the
shortest time to boost target on a quick
tip into the throttle between the throttle
achieving 100 per cent position and full
boost coming on; highlights Amfield.

“We have various methods of reducing
the lag to virtually undetectable levels.
Because of the high engine speeds we
are using, itis alot easier than with a
rally car, where the drivers use a much
greater engine speed range and are
trying to avoid lag at 3000rpm.
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“The lowest engine speed drivers
are tipping into the throttle in BTCC
is 5500rpm, and that engine speed

A small batch of this new fuel was
produced and distributed to all current BTCC

helps keep the lag under control!

There are no driver aids allowed in the
BTCC, 5o drivers must manage traction
and tyre saturation throughout the race.

“The best thing we can do is give them
the most progressive pedal; says Amfield.

Bespoke fuel

The 2022 season introduces a new,
bespoke race fuel with a total of 20 per cent
renewable components, comprising 15

builders ahead of the season, and the

BTCC fuel system supplier, ATL, for trial and
test purposes. All tests and examinations of
the new fuel have yielded excellent results,
with absolutely no adverse effects on either
engine performance or the fuel system.

The new fuel will be manufactured
forthe BTCC by Haltermann Carless at
its refinery in Harwich, Essex, UK and
distributed directly to the teams at
each event by Vital Equipment Ltd.

Compared to pure race fuel without any

percent d-ge thanol t
and five percent renewable hydrocarbons.
The successful tender for this was

submitted by Haltermann Carless, who

has supplied the unbranded TOCA control
fuel to the BTCC for the last 26 years. The
manufacturer calculates the new fuel will
give approximately an 18 per cent reduction
in greenhouse gasses compared to current
UK pump petrol, significantly lowering

the fuel'simpact on the environment.

bl s
slightly higher to achieve the same output
due toalower calorific density. For this,
M-Sport specifies the injectors and fuel
pumps required to deal with the extra
volume needed. The same fuel mass is
used throughout the race compared to
the previous spec fuel, albeit at a slightly
higher volume. Arfield notes that it makes
areasonably subtle change that wasn't
challenging to optimise for the application.
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The integration of the 40kW (approx.
54bhp) Cosworth hybrid system made

up of a 60V axial flux permanent magnet
motor integrated into the transmission has
had minimal effect on the development

of the internal combustion engine:

Hybrid power

“The hybrid unit delivers a reasonable
amount of power, but is only used as

an additional drive device alongside

the internal combustion engine, so
takes nothing away from the way we
would typically configure the internal
‘combustion drivetrain; explains Amfield.

‘Engine calibration is not tailored to
being part of a hybrid drive system. The
hybrid system and internal combustion
eengine have standalone control units. The
configuration is designed to prevent costly
hybrid control strategy development.

‘It does have a reasonable regenerative
braking capability, but it doesn't have
the sophistication of the management
on board to control power systems on
the car to make a significant infoad into
power strategies with the hybridisation.

It would become too challenging and
expensive to do that in this category!

The car's deceleration is more aggressive.
with the Cosworth hybrid system under
regeneration than a car with just an internal
combustion engine would see. However,
according to Arnfield, this doesn't influence
how the ICE calibration is written. It is set
up s0it's not perceivable to the driver
when the hybrid drive is regenerating.

Deployment scale

Hybrid power management replaces the
use of success ballast in the series for 2022,
with a scale of deployment throughout a
race for drivers in the top ten

positions. Previously, the P1 driver was
‘awarded 75kg, reducing in 9kg increments
down to 10th place. Now, a maximum of 15
seconds deployment of the 40kW electric
drive s permitted per lap for all drivers from
P11 onwards. The deployment duration
and number of laps it can be used then
decreases incrementally for positions 10to
one. Meaning, in any race under 17 laps, the
championship leader has zero hybrid power
deployment for the duration of the race,
There is no limit, other than time, on how
often drivers can press the boost button
during a lap. On Cosworth's performance
simulations around the Silverstone circuit,
a car deploying full hybrid power would
gain eight metres on a competitor coming
out of Copse corner. The power boost lasts
until the driver presses the hybrid button
fora second time, or until the deployment
reaches the 15 second time limit, or the
driver hits the brakes. It will also deactivate
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if there is a reduced throttle pressure or
asudden deceleration or acceleration.

Regeneration wil take place
during the car's braking phase.

Hybrid power will not be available to
drivers until after the first lap, and it will
only be available when a car is not traction
limited. Drivers can alter the level of boost
and regeneration in wet conditions and
will be able to choose where on track
they deploy and regenerate energy.
Different maps will also be available.

Should the hybrid unit fail its
independent control means it will not
stop the car from running. The driver
will simply be left with a car that doesn't
have hybrid deployment, the same as
the one leading the championship.

Drivers throughout the BTCC paddock
have expressed genuine enthusiasm for

10th place. The title-leading

[The new formula] adds an
entirely new element to the
competition and requires
more focus on in-race and
overall championship strategy

the new formula, noting that it adds an
entirely new element to the competition
and requires greater focus on in-race
and overall championship strategy.

With this newly introduced emphasis on
strategy, teams that play innovative rather
than just aggressive may come out on top
in this new generation of the BTCC. @
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‘You cannot improve the performance
because you have a BoP, so the only thing
you can do to improve performance is not
power or downforce, itis driveability’

inte, technical lead for motorsport activities at Lamborghir

he relationship between track and
production cars has taken another
step closer for the Lamborghini
Squadra Corse team, which in May
launched the Huracan EVO2. This s the car
that will carry the company’s hopes in GT3
racing for at least the next three years, and
itis a world away from the existing car that
is competing in series around the world in
customer hands throughout 2022.

Based on the STO, the new GT3 car
features aerodynamic styling from the
production-based model, including the
engine air intake over the cockpit, a fin on the
rear deck and a new bumper design at the
rear to help increase total downforce.

The car also features improved traction
control systems and ABS, along with even
more use of carbon fibre inits outer skin.

Key toits development is improved ease
of maintenance, with ancillaries located in
more accessible locations, and various quick
release mechanisms to speed up service time
in the pit in case of repair.

The STO itself was developed using the
design of the Super Trofeo, Lamborghini's
one-make series that introduced its own
EVO2 package at the opening round of
the 2022 season at Imola in April. The race
featured more than 30 cars. It's a series of
upgrades across the board for the Huracan
onboth road and track.

Improved response
However, the changes to the GT3 version of
the car extend far beyond the external, with a
completely new throttle system that improves
the responsiveness of the engine, upgraded
brakes that are of bespoke design for the
company, and a real focus on driveability
to make it more comfortable for drivers on
track, and to work around the Balance of
Performance restrictions.

Also new are various safety aspects of
‘the cars, and here Lamborghini has had an
extraordinary amount of data to collect in
order to make the improvements. Following
alarge crash for driver, Jack Aitken, at the Spa.
24 Hours in 2021, in which his Lamborghini
was subjected to three separate high-speed
impacts, information gathered from that
incident has been put into the new design.

‘Itis a very different car for many reasons;
says Leonardo Galante, technical lead for

motorsport activities, who has overseen all
iterations of Huracan GT3 cars since 2015.

JUNE2022 viwnwsacecar-engineering.com
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Il GT3 - LAMBORGHINI HURACAN EVO2

‘We had an idea to develop the car with
an air scoop, starting from the Super Trofeo
and the Essenza [the SCV12 that was a
track-only car], so we tried to keep some.
style on the car that you can see. This is a

air for the engine, to improve driveability,
says Galante.'You cannot improve the
performance because you have a BoP,

Key to making the car's aerodynamics
more efficient was a development of the
underfloor, and further to that came the

sothe only thing dotoimprove
performance is not power or downforce,

Lamborghini, and doing
the racecars. No compromise, we just want
the best. We tried to transfer this to the road
carand that gave us the STO!

This i the first car Lamborghini has built
tothe new FIA GT3 technical regulations

it
“That means a lot of things, though,

like how the driver is using the engine, the

engine braking, thermal progression, traction

control.... all the things that cannot be

controlled by the BoP. And itis good because

and, as such, more freedom:
awarded in areas of the car such as the
engine, damping and suspension. However,
aerodynamically, the new rules are more
restrictive than the outgoing ones.

.

Broaderr

you have todo that!

Advantage fin
Further back from the scoop is the fin that
runs along the length of

red\ wing drag
through a new design of rear bumper.

While the regulations state a portion of
the floor has to be flat,the front splitter and
rear diffuser are allowed to be developed,
and Lamborghini has made full use of the
opportunities afforded by the 2022 GT3 rules.

Sculpted floor

The front and rear floor is therefore heavily
sculpted in order to increase downforce
under the body, and great effort has been

While this has become de rigueur i Prototype

Manufacturers sought to have the technical
regulations defined, rather than have their
projects approved - o otherwise - by a
commission, and successfully lobbied the
FIA to achieve that goal. The regulations
were then permitted to be used further
afield than just SRO-organised series, such
asthe GT World Challenge events, to also
include the DTM, and will form the basis of
the new GT class at Le Mans.
Aerodynamically, the regulations stipulate
that significant parts of the car, such as the
roof and doors, are exactly the same as the
production car. With the scoop over the roof,

and singl racing, itis unusual to
have tin a GT car. However, Lamborghinis
race department worked closely with its
production car designers totry to bring about
just such an advantage on the track.

The fin may helpin yaw stability in the
event of a spin - the primary reason it was
introduced in Sportscar racing - but it has the
added benefit of aiding stability in straight
line and cornering conditions, too. From the
trailing edge of the fin, air is then led to the
rear wing which, although it was carried over
from the EVOT, was expected to be updated
by the design team.

They tried that, but found the

airflow into the engi Id be optimised,
and Lamborghini says it has dropped inlet air
temperature by up to 6degC when compared
to the side intakes on the 2019 EVO1 model.
“Of course, the air scoop has been
optimised with the airflow to get more.

efficiency of the older wing
was actually better, and so elected not to
make any change. Only the wing supports,
developed from the STO, are new and now
offer more adjustment settings to improve
options for the driver.

made to ‘s pitch sensitivity,
again further improving driveability.

“What we changed was the rear fender,
5o that looks morelike the ST/ explains
Galante. It will not have the ears [either side
ofthe engine cover] any more, and the floor
is feeding the air cleaner. So, you are feeding
the wing in a better way and getting the
same downforce but with less drag.

“Itis a matter of the more mass flow
feeding the back of the car, the more
downforce with less drag. Itis not complicated.

The fin may help in yaw
stability in the event of a spin,
but it has the added benefit of
aiding stability in straight line
and cornering conditions, too
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GT3 - LAMBORGHINI HURACAN EVO2

‘From one plane to another, the floor must
be flat, but the splitter and diffuser are really
shaped. This not only creates downforce, but
you must also decide where the centre of
pressure is, and how the air balance changes
with set-up changes. The splitter and diffuser
tell you a lot in terms of sensitivity, ride height
sensitivity, pitch and steering.

“You have to create a car that i less
sensitive to set-up changes; continues
Galante. Pitch sensitivity, steering sensitivity,
the driver does not feel more or less
downforce regardless of set-up changes.
So under braking, the driver does not feel
too much of a shift in terms of aero balance,
because the car has less pitch sensitivity.

“The rear s still there in terms of grip.
The aero s not changing too much. We
have improved downforce when steering
and comering, so we have optimised the
set-up phases to create less sensitivity
and more predictability, o the car is more
understandable for the driver. This is a

ss starting from the first GT3

tothe EVO, and now the EVO2, and we are
continually improving it

Damper development

One of the key areas of development in the
new GT3 regulations is damping. While the
number of valves in a damper is homologated,
the materials and manufacturer are open

for teams to select. This is, in part, due to the
increased variety of series in which GT3 cars
may race, and therefore on the different tyre
manufacturers and specifications and circuits
the cars will face.

Even in the GT World Challenge events,
Pirelli's tyre specification changes from year
to year. In 2022, the rubber manufacturer
introduced a new front tyre with a stiffer
construction and harder compounds to deal
with higher temperatures. That, coupled
with camber and pressure limits that are
nnow monitored and penalised if exceeded,
has meant damping has become even
more critical than before. It is, says Galante,
ahuge area of potential development for
Lamborghini’s customer teams.

The FIA recognises we need a certain level
of freedom here because if | use a Hankook,
Michelin or Pirelli, | must adapt the car.

less sensitivity and more predictability so the

car is more understandable for the driver’

Leonardo Galante, technical lead for motorsport activities at Lamborghini

ineeringcom JUNE2022

:ams can do what they want, but we asa
manufacturer can provide guidelines. Damper
seat, model, valving is homologated, but you
can do what you want [within the damper] so
you can dolots of development on that!

Lamborghini has also turned to a local
brake supplier, TM, in order to develop a new,
more efficient system for its customers'cars.
Another area not controlled by the Balance
of Performance, the freedom to develop a
bespoke braking system is one that has been
welcomed by car designers.

Bespoke braking
Consequently, the EVO?2 features
Lamborghini-designed pads and discs,
upgraded with a view to allowing teams to
complete a 24-hour race without change. In
the past that was possible, but only under
certain conditions and with careful driving.
In SRO-organised long-distance races such
as the Spa 24 Hours, a techniical pit stop was
introduced to avoid teams developing quick-
change systems, but in other series such a
system will be welcome for teams.

“The good thing for us is that we have a
good one-make series, and that's a good lab’
for us, says Galante. ‘There are a lot of drivers
init, so we get a lot of feedback. We have
developed the braking system, transfer it to
the endurance [races] and make a difference
in terms of brake pad compound and so on.
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The biggest visual change to the car isthe air scoop and dorsal fin on the roof, the former said to optimise airflow and lower engine inlet temperature by 6degC, again to improve driveability
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Il GT3 - LAMBORGHINI HURACAN EVO2

“The braking system is the same as the
Trofeo in terms of disc and caliper, so from
amanagement point of view this is better
for us. Then we try to make a step forward
in performance to GT3. It is a matter of risk.
When you decide to not use the caliper from
Brembo and do your own, it s at your own
tisk, but if you have good development and
know what you are doing, you can do a lot.

“Itisrisky, but there is flexibility in that.

I can do something that perfectly fits with
our car, from temperature range, braking
performance, friction, durability and access
tothe system to replace discs and pads. This
way, you have the ability to do something
thatis only for your car.

“When you use a system from other
cars, it's a good story, but you are making
compromises. We like to have flexibility

Afurther help to braking capability
is a potentially huge change to the
throttle system for the EVO2, with all-new,

-actuated throttle bod
for each cylinder - that replaces the double
body system on the old car. This should
mean the engine has better responsiveness
under acceleration, and engine braking is
immediate. It also improves efficiency.

‘In the engine, we are improving the
electronics and the driveability, how the
driver is responsive with the throttle, and
with multiple choice of throttle response
and engine braking; says Galante. In the
old car there was no eng |

It g new that we are figuring out
with electronics and sensitivity. We are stillin
full development on that!

Safety improvements
Following some high-profile accidents,
Lamborghini has increased side-impact
protection, as per FIA regulations. The
rollcage in the EVO1 was built to the latest
safety standards so did not require any
changes in the new generation car, other

because there was only two throttles and
the system was too late [slow] to react.
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than slight f some of the plates
around the joints to increase its stiffness in
the event of a high-speed impact.

Apotentially huge
change to the throttle
system for the EV02 [is]
all-new, electronically-
actuated throttle bodies
- one for each cylinder
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Il GT3 - LAMBORGHINI HURACAN EVO2

‘It'sanew project

that reinforces the
technological transfer
between Lamborghini’s
motorsport division
and the company’

Giorgio Sanna, head of
motorsport at Lamborghini

However, as General Motors reasoned
years ago, there is a threat to the driver from
shrapnel entering the cockpit and damaging
adrivers legs, so a honeycomb structure

is now mounted between the rollcage and
door. This has become common practice in
GT3 racing, and Lamborghini has wasted no
time n designing its own system.

Mind the gap

By regulation, the side impact protection
must use six layers of carbon fibre on the
outer skin closest to the door, one layer on
the inside closest to the driver, and must
comprise 23mm of honeycomb aluminium
between the two skins. Finding the carbon
with the correct gsm has been something
of a headache for car designers of late,
particularly in the volume that GT3

manufacturers must produce.

is body acceleration, so in front, rear and
side crash scenarios we look at that. There
are some limits to respect and, in these
terms, itis how you are dissipating energy.

“If you have a gap to the rollcage, then
you have a higher peak acceleration, but if
you absorb the energy then you have less
acceleration of the body, so itis a matter of
continuity between the outer shell of the
doorand the rollcage!

The seat tself s attached to the rollcage,
rather than the aluminium floor in order
thatit, too, remains in place in the event of
acrash. Built to the latest FIA standard, the

“The function s to close th
the rollcage and the door, explains Galante.
‘When you have a crash, one of the most
important things for the driver and passenger

seat offers protection in
terms of both body and head.

With all of this in mind, it is hardly
surprising Lamborghini does not regard the

EVO2 as merely an evolution of the 2022
car, more a reflection of an increased bond
betweenits road and track cars.

“It's a new project that reinforces the
technological transfer between Lamborghinis
motorsport division and the company
and inherits two difficult tasks: to prove as
successful as the previous generations of
the Huracan GT3, which have won more
‘than 40 international titles in six seasons,
and to match its commercial success by
helping to reach the target of 500 Huracan
racecars since 2015/said Giorgio Sanna,
Lamborghini's head of motorsport.

The new car will be delivered to the
first customers at the tail end of 2022, and
will makeits race debut at the Daytona 24
Hours in January 2023. @
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B ENTRY LEVEL - FORMULA FOUNDATION

215 principles

Formula Foundation
intends to shake up the
grass roots racing scene
with a clever single seater
that’s as easy to use and
maintain as it is cheap to
run. Racecar spoke to the
men behind the concept
By MIKE BRESLIN

here have been quite a few new,

lower level single seaters launched

over the past few years, most of

them indistinguishable to all but the
well-trained eye, largely because they try so
hard to look like scaled down Formula 1 cars.
Itis genuinely refreshing, then, when
something truly different comes along, like
Formula Foundation.

That said, like many good new ideas,
this is actually - at least partly - based on
something old. In the mid-1980s, when
Formula Ford 1600 budgets were going
stratospheric, the then owner of Brands
Hatch had the idea of introducing a first in
British motorsport, a one-make single-seater
championship. It’s funny to think that what is
now the rule was a revolution in 1987.

And so Formula First was born, featuring
aVan Diemen-built car with a transverse-
mounted Ford CVH engine, very basic
suspension and no aero. It was relatively
successful too, with races shown on the BBC's
Top Gear (a very different show back then)
and it featured good, ifa little wild, racing.

Formula fade

For some reason, it's hard to find much
information these days on Formula First,
and it seems to have faded away without a
murmur. But every now and then, one of its
slightly peculiar looking racecars turns up.
For example, a few years ago, a Formula First
was brought from Norway to Steve Wills"

36 Wwwiacecarengineeringcom JUNE 2022

Formula Foundation was conceived
toofferan entry-levelsingle-seater
racecar that anyone can race

fabrication firm based in Snetterton for
some work. Wills, a former Van Diemen man
and a racecar constructor in his own right,
producing the Spirit Duratec Formula Ford
carin the mid-2000s, was looking for a new
project, and this car was inspiration.

“Seeing a Formula First again, it was clear
tome there was a market for something
similar. A modern day version, really; he says.
“It’s no secret there was a lot of inspiration for
the Formula Foundation car there!

And while the new Formula Foundation
carlooks quite different from a Formula
First, it does share the same philosophy.
Richard Huddart, a partner with Wills in
RSR Technology that's driving the project,
explains:‘Our car s like the linear successor
tothat, absolutely. The principle of something
cheap and affordable is much the same.
There are very, very expensive categories

TECH SPEC: Formula Foundation RSR 001

(Chassis: MIG welded spacefame onstructed vith 45 and ROPTS10 0.

regulations; 10mm Dilenpanels forexra idempact protection

withsigl standard map;bspoke wetsump and eshaust maniod
Power: 1206

Suspension: Doube wishbone font and ea;single-acjustabl, i led coover

rearvinglets

bespoke stailessstee pedal bo; cocpit-adustble bake bias

Weight:approx. 500kg
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The concept is all about simplicity.
The whole idea was dad and lad, mum and daughter,
whatever the case is, can get out there and have what

we feel is affordable fun

out there - Formula 4 and the like - and we
thought the budgets for these were ludicrous
[a UK F4 budgetis said to be in the region of
£300,000 (approx. $390,600) this year]. The
costs simply don't need to be that high!
Importantly, this s also about providing
something that is easy to run. ‘We felt there
was aneed, a requirement, for a very simple
car continues Wills. And the whole car has
been designed with simplicity in mind.
‘I can't stress that enough. The concept
is all about simplicity. We have even gone
back to shocks at the wheel, so no pushrod
suspension, just trying to keep it absolutely
simple. You can certainly garage it at home
and you don't need a race team to run it.
“The whole idea was dad and lad,
mum and daughter, whatever the case
is, can get out there and have what we feel
is affordable fun!
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This clear focus on simplicity and low cost
is one of the reasons the team at RSR has
opted for a spaceframe chassis rather than a
carbon tub. But that's not to say it’s scrimped
on safety, quite the opposite. The car has
been built to the FIA's Appendix J Article 277,
for Formula Libre single seaters. Because of
this the remarkably intricate chassis is very
meaty, made as itis of T45 and ROPT510 CDS
aerospace-grade steel tubing, all designed on
CAD, while s safety credentials are bolstered
with super strong Diolen (a Kevlar-like
material) impact panels fixed to its flanks.

Italso has a collapsible steering column
and crash structures at the rear and front.
And while the car shown in the pictures is
notfitted with an F1-style Halo, the team
is working on a bolt-on version that can be
fitted, or not, as per the regulations of any
series that adopts the car.

The problem with all these safety
considerationsis the base weight has been
driven up a bit, to around 500kg once the

current steel floor is replaced with aluminium.

In the context of this project, more crucially
the cost has risen too, to a point a lttle
beyond what RSR was hoping to sell the car
for. Estimates are now in the £38,000 (approx.
$49,350 / €45,750) region, though that's still
not too bad for a brand new single seater.

Cheap runnings
Where this car really ticks the boxes when
it comes to budget motorsport, however, is
with its day-to-day, and indeed year-to-year,
running. This is probably best llustrated by
the choice of engine, a standard 1.6-litre Ford
Sigma SE (aka Zetec or Duratec). The only
real modification is a bespoke baffled sump
developed to help alleviate concerns over oil
starvation during race conditions.

“The engine was used for several reasons,
explains Wills. We looked at engines very
carefully and selected, with [tuning expert]
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Scholar's recommendation, the 1.6 SE, which
was of course once the Duratec Formula Ford
engine. We like the engine, it ultra reliable
and they're very, very cheap, which obviously
fits the bill. So we have simply used the
standard Ford Focus and Fiesta assembly.

These power units are no longer available
new from Ford, but in some ways that is no
bad thing. You can buy these engines for as
little a5 £75 now from a breaker's yard, and
avery good one with ultra-low milage for
around £250. It just absolutely absurd really;
continues Will.

‘But another reason for the engine choice
is the name Ford has that lttle bit of a ring to
it, for motorsport. The Ford engine was also
good as non-turbo, and there are no other
similar engines available in today's world
that are naturally aspirated. They'e all turbo
power units these days!

There are several reasons why a non-turbo
engine was desirable, as Wills explains: We
knew turbo would give us more problems.
There’s more initial cost with the fly-by-wire

We like the [Ford Sigma SE]
engine, it’s ultra-reliable

and they're very, very cheap...
we have simply used the
standard Ford Focus and
Fiesta assembly

throttle, the ECUs are twice the price and
heat management is a problem. So the only
real engine to choose was this one. Okay, it’s
not great that it out of production, but then
again sois the Kent engine!

Mention of the Kent engine s telling, for
itis these ageing units - all well over 50-years
old now - and the full-race gearboxes used
in the Formula Ford 1600 category that have
caused major cost issues for that venerable
formula in recent years (see REV32N2).

le-map ECU.

The wheels are from the BMW Mini and other
parts,such as the adiator and brake discs, are sourced
from basic road cars, greatly reducing the cost of spares



http://www.racecar-engineering.com/
http://www.racecar-engineering.com/

Billet Engine Blocks 4 & o StrokerKits

« High Strength 6061-T6 Aluminium Block - o *Raly | Drag | Hil Cimb | Road Racing | Drifing
e e 5141530 W0 2 550557 35083 |
C.Ins:nd 1500+ Horse s r H - 'S50B32 | $54 | $65 | S85 Applications
141558 30185 | 54 Apesins c

AAC tilton 9,‘ Gearboxes + leferenllals
Clutch + Flywheel Kits "O ;mmw-mmwmiw
Raly | Race | Carban Clches. [ + Sequental + H Patiem Appications
* Lightweight Flywheel Included ! <
T+ Trl Dsc Gches n 557+ 7.25° % PP
morsstuase sue s
= Billet Dry Sump Kits
= creasad H + Refaity

Forged Pistons ‘, - +4-c/1| 60| V8| V10 Applications.

o ksl bGP (S = PR e wth Pmps aso Avalale
Pata o VAC Srcr + T .
Patacior i Patmarce epcaicns ame

E%E www.VACmotorsports.com Billet Differential Covers

fi© v @ @VACMOTORSPORTS

El.v +1219) 462-4666  sales@vacmotorsports.com

RELENTLESS
INNOVATION

THE DIAMOND STANDARD

The key to the performance of our collectors is in our
X-Design Program, a unique computerized design
service. Header primary diamefers, length,
and step locations as well as collector
dimensions and tailpipe sizing are design

gineered specifically for each

The result is a noficable difference in peak

power and confinuous power bandwidth.

BurnsStainless.com * 949-631-5120 Bur’!s

Burns Stainless, 1041 W. 18th St., Suite B104, Costa Mesa, (A 92627 el

JUNE 2022 Wwwwiracecar-enginesingcom 39


http://www.racecar-engineering.com/
http://www.racecar-engineering.com/

B ENTRY LEVEL - FORMULA FOUNDATION

Ina similar vein, this is why RSR has also
decided to keep things equally simple by
retaining the five-speed, H-pattem gearbox
that comes with the Sigma engine.

‘Its not ideal when you can't buy one
brand new from Ford, but itis a way forward;
says Will.Its obviously much cheaper than
asequential and paddle shift, and the engine
and gearbox assembly s so reliable, and so
easy to use. You just switch it on and away
you go, which s a key point with this car!

Asa package, they're not too heavy either.
The actual assembly - the whole gearbox
and engine, dressed - weighs about 130kg;
says Wills."From memory, | think the engine is
about 80kg of that, with certain aspects a bit
high. The starting motor, for instance.

‘But the Yamaha engine it is based onis
almost like a motorcycle engine, when you
start studying it. It really quite petite!

Sealed bids

The plan s for the engines to be dyno'd and
then sealed, so that organisations running
a series featuring the car can stop any
performance modifications being made by
competitors who might be looking for an
unfair advantage. RSR has also resisted the
temptation to breathe on the engine in any
significant way, sticking close to the driving
philosophy behind this car.

“We didn't really want too much power,
says Wills. 120bhp at the crank is what it's got,
and all that's been added is an aftermarket
exhaust, manifold and ECU. That’s it. There's
no trickery, no special cams, nothing. Itis
absolutely straight from a Ford Fiesta!

While that might sound basic, the design
of the installation took some serious thinking
and quite a few man hours. The result is a very
neat solution, especially the work with the
exhaust system, which is tightly packaged
inside the left sidepod.

‘We know noise is a problem these days,
and with the SE engine, with the exhaust
manifold at the back, we couldn't package
any real silencers; says Wills. 'So we ran the
exhaust forward, in what we call atrombone
style. It goes right the way down the car,
through a cat; and then turns back, before
‘coming out at the top of the sidepod.

Counterbalancing that exhaust on
the right-hand side of the car is the single
aluminium radiator, which looks very much
like a standard one taken from a small road
car. Because that's exactly what itis.

“The exhaust consumes the space for a
left-hand radiator, explains Wills,'and the
radiator on the right is a standard Vauxhall
Corsa B one, £35 from your local motor
factors. Because it's just a standard motor it's
cooling, one radiator does the job.

‘The car’s done a lot of laps in Finland, and

Using a road car radiator offers further
useful cost advantages, as Wills explains:One
of the big things with this concept, why all
this has been done, is we haven't the money
to keep a large stock of bespoke radiators on
the shelves at any one time. But that's good
forthe customer, because when people have
t0 go backto the racecar manufacturer to
buy parts, that rattles them, as it's usually
expensive. Buying from a regular road car
parts retailer is far cheaper!

This same approach has been taken with
the wheels - and even the wheel bolts -
and also the brake discs, which are all from
the BMW Mini (though the calipers are by
Wilwood, which actually worked out cheaper
than buying those from BMW).

When people have to go
back to the racecar
manufacturer to buy parts,
that rattles them, as it’s
usually expensive. Buying
from aregular road car parts
retailer is far cheaper

they had a very hot last year, much
hotter than | imagined, but it was stil fine!
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The aerodynamic packageis simple,
‘and partly driven by madern
customer demands. t comprises

a partially-adjustable front wing,
two pairsoffixed winglets towards
the rearandan LMP-style ear fin

The styling atthe rear i especially

neat. The RSR team hopes the car will B\
beracing in a specseries, perhaps \
inthe UK o Finland, by next year \
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Meanwhile, the suspension is as simple
as possible, harking back to Formula Fords
of old, with a double-wishbone layout and a
single-adjustment, oil-flled coilover damper
from UK supplier Protech Shocks, fitted
outboard. Sensibly, the wishbones are non-
handed to reduce spares cost.

“We simply fabricated each arm so they're
interchangeable, so the left is the right and
the right the left/ says Wills. This means you
need only carry one spare top wishbone.
There's nothing new there, of course, but it
tooka bit of doing.

‘We've tried to think the suspension
through with simplicity in mind in every area,

isually, the Formula
Foundation car
probably looks

more like a Formula E
machine than a more
conventional single
seater. Long term, the
same might be said of the
mechanicals, for there is
roomin the chassis, and
inclination in the team, to
develop an electric version

to give the customers
to run the car themselves!

possible chance

Aero element

While the suspension should be simple to
‘work with for both mechanics and drivers,
the inclusion of an aerodynamic element, in
the shape of the adjustable front wing and
fixed winglets towards the rear, is perhaps
surprising. When questioned, Wills admits he
did think about presenting the car without
aero, as is the case with Formula Ford.

‘Iwould love to have it cleaner, but one of
the issues we had is that to run the crash test
with the crash box, we had to have a stepped
floor. Not that stepped, but it is stepped,
which | don't particularly like, and the wing
disguises that.

“Also, | don't think in today’s world you
can sell a car without a front wing on it.
Youngsters want to see some aero bits and
pieces on a racecar!

There is also a distinctive fin at the rear,

ofthisl
‘We've goneintoitin

quitea lot of detail; says

Huddart. 'We're quite

italready,
and it could be done very

eally,and not oo arinto thefuture. Technically, we knowits doable, i just trying to work the magic of

trying to get it ata price

perfect caras

That said, there are issues in going electric. It’s not the motor. It not the inverter. It's not the
electronic control o the battery package. It none o that/ays Huddart. It the cot ofthe btterie, and

the batteries. here

I this should happen, and tis very much an i’ at the time of wrting, then RSR plans to make the

the ICE car. If 2

, you would be

able to convert your present car into the Formula Foundation Electric, or whatever we decide to call it/

says Huddart enthusiastically.

While there will be safety aspects to bear in mind, such as marshals handling the cars, the brevity of
club races in the UK, where they can be as short as 15 minutes, means that in the future a car package
like this might be just the thing for racers looking for a start in electric motorsport.

‘What we were affaid of was that the car
was going to look like a Formula Fist; he says
"We had this sort of wide bum, f you ke,

h the its across the chassis. But

though this is more practical thetic.
The reason for the high tail at the back s to
getthrough the relevant crash test for the roll
hoop structure loads/ explains Wills. To do
this, we have to run some braces at the rear
of the car, and the tail i a result of that!

what we did - which was Richard's idea - was
we went for what we felt was the Formula E
Took,a sort of delta. That way we tried to keep
it looking really modern.

Wealso package-protected the rear end

Which leads us to the overall aesthetic of
the car, which in racecar engineering terms
should mean nothing. I it fast its beautiful,
someone once said. But that’s not necessarily
the case when it comes to a spec car (though
even with one-make formulae other things,
safety in particular, do take precedence).

It5 interesting to recall that when
Damon Hill (then an F3 driver) tested the
new Formula First for a weekly motorsport
publication in the ‘805, he wrote something
along the lines of-Its not only a piece of
caketo drive, but it also looks like a piece
of cake! In comparison, and as far as bakery
products are concerned, it clear the Formula
Foundation car is no wedge of Black Forest

for that may come
along, including electric [see box out above]!

If we're being honest, though, it's not the
looks of the Formula Foundation car that will
attract serious customers anyway, it's that
philosophy of simplicity and useability that is
more likely to clinch sales. And on that score,
RSR has another trick up its sleeve.

‘One thing we're quite happy to do is to
sell the car as a kit! says Huddart. ‘Like people
buy a kit car. You buy the chassis, and the
bodywork, and then they can build up the
rest of the car themselves!

Theidea of building the car as a kit brings
abit of a hobbyist element to the table,
reminding us that motorsport should be fun,

gateau. In fact, it's quite a neat-looking d
even better when you see it for real, but you
can never be certain that the looks of any
racecar will attract customers. This is not
something that’s lost on Wills.

42 Wwwiacecarengineeringcom JUNE 2022

and that's the h this car on track too,
whereit's said to be a real joy to drive.

That's the opinion of former F1 driver,
1) Lehto, at any rate, who revelled in some
flat-out laps in the car at the Alastaro circuit in

I don’t think in today’s world
you can sell a car without a
front wing on it. Youngsters
want to see some aero bits
and pieces on aracecar

Finland last summer, telling Wills that it was a
delight to slide on the limit.

Finland i, in fact, where there has been
the most interest in this project so far, with
talk of it being run under the Formula A
banner. Meanwhile, in the UK the car is to be
displayed at BRSCC meetings this season to
drum up interest for a spec series, while the
possibility that it might form the basis of a
racing school fleet has also been mooted.

Wherever it ends up racing, the
philosophy behind Formula Foundation
means it has every chance of being a
success. And because of the sheer hard work
and common sense ingenuity that's been
expended in developing this utterly useable
racecar, it thoroughly deserves whatever
Success comes its way, too.
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Visible
advantage

No racecar exemplified the admirable freedom

of the 1960’s Can-Am series more than the

1966 Chaparral 2E. It was just a surprise it took
so long for its competitors to catch on
By KARL LUDVIGSEN

im Hall's Chaparrals were the cars to

beat when the Can-Am series was

born. In the SCCA's US Road Racing

Championship (USRRC), the amateur
series that predated, and later paralleled,
Can-Am, the Chaparral 2A had been almost
unbeatable. Its outstanding success in 1964
and 1965 in the USRRC helped make it the
top Can-Am favourite.

Atthat time, Hap Sharp, a partner in the
Chaparral Cars company, based in Midland,
Texas, shared the driving in the two-car team
with Hall. Older than Hall, Sharp was a source
of good ideas which, when bounced against
his partner's sound engineering education
from Cal Tech, produced results.

44 Wwwiacecarengineeringcom JUNE 2022

The car’s pace was such that, before the
USRRC race at Watkins Glen in 1965, Dic Van
der Feen of the SCCA took Hall aside and
pleaded; Couldn't you just take it a lttle easy
this time, and ot lap the cars behind you? It
makes it look so bad when they're lapped!

Hall said hed think about it, and then went
outand, under pressure from Sharp, went so
fast that the third-place car was triple lapped.
When he saw Van der Feen after the race, he
struck his forehead, rolled his eyes skyward
and said, fm sorry Dic, | forgot all about t!

By 1966, Hall was making his irst big
attempt to win races in Europe with Chaparral
coupés, an effort that took far more time
than he expected. The 2D coupés were the

USRRC roadsters fitted with glass fibre tubs
and rebuilt for long-distance racing. One of
them won the Niirburgring 1000 Kilometres
with Phil Hill and Jo Bonnier driving, and Hap
Sharp the team chief.

British effort

1966 also saw the maturing of early attempts
by the British to build cars to use the big
American V8 engines that were on offer. With
these behind their drivers, both Lola and
McLaren became major competitors for the
first time. But they were entering a field that
for several years had been dominated by
American-built, mid-engined specials, mixing
powerful V8s with Cooper and Lotus chassis.

Phil Hill
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‘The Chaparral was the best of the all-new
American cars that followed this first
experimental stage.

Acouple of years earlie, the Texans had
forged a link with an arm of General Motors
that was thrusting in new directions under
the guidance of engineer, Frank Winchel. This
was Chevrolet's research and development
arm, to which Hall and Sharp had been
introduced by styling chief, Bil Mitchell.

With Corvair, the R&D people had been
experimenting with mid-engined chassis
and, in 1963, in a project headed by a
young engineer named Jim Musser, built
an aluminium monocoque with racing
suspension, the latest wide tyres, a tuned
engine and ultra-thin GRP panels rivetted and
bonded with an oven-cured 3M adhesive.
Weighing 1450lb (658kg), the GS-1lb reached
198mph at GM's Miford Proving Grounds.

Enter 2C

Toward the end of 1965, at the Kent,
Washington USRRC race, a new Chaparral
was introduced, the 2C. Its basis was the
aluminium-framed GS-lib tub built by Chevy
R&D and it was smaller and lighter than

the more rugged, glass fibre-monocoque
Chaparral 2A. The previous car’s frame.
weighed 140lb (64kg), more than double the

Jim Hall

to be very fluent or spend a lot of money to
rebuild the mould all the time!
Afeature of the frame was that its cockpit-

heft of the 2C tub, yet was no stiffer.

“Itisn't surprising we changed to
aluminium; Hall remarked later. 'With glass
fibre, you're committed to that shape and size
when you build moulds, so you've either got

side, fuel-bearing sponsons

by racing tub standards. Though not deeply
detrimental, they were intended to help entry
and exit from the road car for which the frame.
was originally designed. A disadvantage from
the racing drivers'standpoint was it amplified

Chevrolets Frank Winchell patented
the torque-converter transmission
used in the Chaparrals tartingn 1964.
Itsunique system offace dogs made
dutchlessshifting possible

The basis of the 2E was the
aluminium tub ofthe 2, originally

created by Chevrolet R&D fora
possible road car, accounting for the
shallow profies of the ide sponsans

‘Itisn’t surprising we changed to
aluminium. With glass fibre, you're
committed to that shape and size
when you build moulds’

SN

s

)
)

David Kimble's superb cutaway
shows the ultimate version of the
Chevrolet transaxle for Chaparra,

giving three forward speeds behind

‘the torque converter at right

vibrations and stresses that the glass fibre tub.
previously absorbed. These came both from
thetrack and from the suspension's anti-dive
and anti-squat geometry, which fed impacts
backinto the frame. Drivers dubbed it the
EBJ, for eyeball jiggler.

More visible than the frame was the 2C's
driver-controlled rear spoiler. Large, fixed
spoilers had been steadily growing at the rear
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it prepared for s first laps of Bridgehampton

Engineer, Troy R il on the 2€' wing, shown her

wing no wider

of sports racers, to the point where their drag
had become a disadvantage. The 2C had a big
spoiler that defaulted to the erect position,
and could be made to lie almost flat by a push
ona pedal to the left of the brake pedal. In
the Chaparral, this was easily achieved thanks
to its radical transmission.

Dynaflow sound

During the ‘64 season, it slowly became clear
to its rivals on track that the Chaparral 2A
had something different in the transmission
department. What surprised Musser was that
they took so long to notice.’l thought the
sound of the car on the track would give it
away. It had a Buick Dynaflow sound!

That wasn't surprising because, in
principle, the gearbox was identical to the
original 1948 Dynaflow, which relied on a
hydraulic torque converter to give a 3.1:1
torque multiplication.

‘The automatic transmission was Hap's
idea, noted Hall.'He drove my first car, the
Chaparral 2, that had a 327 Chevy, a big
gearbox and quite small tyres in those days,
and it would spin the wheels in just about any

46 wwwsracecarengineeringcom JUNE 2022

gear up to fourth. He got out of it and asked,
“Well, what's the transmission for?”

“We then thought, what if we use a torque
converter to multiply torque for starting? We
‘were working on that pretty hard when | got
associated with a Frank Winchell, who was in

its default position for maximum downforce

and save time between the start of braking
and the return of your foot to the gas pedal.
“Jim's transmission gives the engine
increased life of 50 to 100 per cent, Penske
added, because there are no downshifts
where you havea chance of over-rewing the

charge of Chevy's R&D in Detroit.
He said, Golly,I've got some ideas about that."

‘He came up with that transmission fora
prototype car they built in 1964, and | tested
the transmission in our car. It was very, very
good and easy to drive. We thought it had a
lot of potential. So they made a deal to et us
use it as a piece of test equipment!

“Ifeel this automatic transmission is the
greatestinnovation in auto racing today; said
Roger Penske, who was racing one of the
Chaparrals at the time. ‘We thought at first it
might be a problem because of the wear on
brakes when you can't use your engine for

out of a corner.
Yo dorftwind up and then crop down..
wind up, drop down.... and then wind up
until you finally get it in a high gear. With the
automatic, you have consistent rpm climb.
There's no quick acceleration of rpm unless
You hitoil or water on the course where it will
make the wheels spin. As long as the wheels
aren't spinning, you have constant application
of torque and horsepower to the rear wheels!

Married elements
As described in the patent that he and Jerry
Mrlik lodged on 14 September 1966, a further

braking. However, with th in
brake technology, and the better comering
power of the new tyres, you can go into
corners deeper, and faster, without losing
control.You can also keep both hands on the

of Frank
married a three-element torque converter
with a two-speed manual shift. Winchell
set out the concept of a transmission that
could ‘maintain converter output torque

wheel... and you can use left-

peak engine torque
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Thisillustration froma patent
submission by Hall, Mriik,
Musser and Winchel shows the =
‘wing pylon anchared on the
vear suspension and braced by
aradius am and Watt linkage

B G ot
ok J Winch
8y ALl

arrorner

holes

Phil Hills

Side apertures delivered brake cooling air

throughout the speed range in which engine
torque increases with increasing engine
speed: Also illustrated in the patent was the
special design of face-dog clutches that made
the box easy to shift without a clutch.

Atfirs, the gearbox ~ inspired by the
quickchange centre sections made for Indy
cars by Ted Halibrand - served solely for
forward and reverse. But as tyres improved,
better starting torque was required. For this,
and a higher top speed, a second speed took
the place of reverse. Finally, Chevrolet added
a third speed when Chaparral competed in

rked fine/said 2E driver, Phil Hill, of
the gearbox, ‘except it wouldn't tolerate being
yanked into gear while the car was stationary,
even with the engine at a slow idle. You had
o actually stop the engine, then put it in gear
and only then could you fire it up again.

The procedure for driving off was like this:
engage first gear, then start the engine while
holding the car with your eft foot on the
brake pedal, which was on the left and meant
to be used with the left foot only. Release
the brake and drive off. You could shift at any
speed you wished into the next gear. You

1d

was used in the 2E as well.

‘In the 2E, you were often
able to leave it in one gear,
without shifting as you would
in an ordinary racecar’

Phil Hill

offin second or third gear,
though with less performance.

“Thanks to the torque converter in the 2€,
we had three ranges: zero to about 110mph,
zero to 150 and zero to 190. This added
flexibilit. You didn't have to be continually
changing up or down to get to the gear and
range of speed appropriate for a particular
part of the circuit. In the 2E, you were often
able toleave itin one gear, without shifting as
youwould in an ordinary racecar’

Standing start

‘There was only one drawback; Hill admitted,
‘the combination of this gearbox and the
torque converter meant the 2E suffered off
the line. Races had standing starts and the

‘Shifting did require
out of gear in that millisecond when the.

power let loose; Hill
smartly timing it into the next gear. It was as
easy and simple as that, with a conventional
H-pattern shifter but no clutch.
‘Downshifting, Id ift a bit to take the
pressure off the dogs, snick the lever into
neutral, add a quick stab of revs and go down.
‘That sounds like a series of small events
but, in reality, it was one quick, easy motion.

), ing it Chaparral couldn't astop
like an ordinary racecar. With a clutch, you
d,'and then power in the flywheel and

dump it through the clutch to the wheels to
get off the line quickly. But you can't build up
that sort of force in a torque converter, so we
lost our advantage at the start.

“The difference was enough that, although
we could qualify in the front row, sometimes.
wed be in the second or third row by the time
we reached the first comer!
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‘The one-off Chaparral 2C was a proven
user of the torque-converter transmission
and foot-operated spoiler by the time Jim Hall
drove itin the Northwest Grand Prix at Kent,
Washington on 10 October 1965. Hall won
both heats and finished first overall in the 2C,
with Sharp second in a 2A. Satisfying as this
result was for the team, it was destined to be
Hall's last victory at the wheel of a racecar.

New and improved
Meanwhile, back in Midland, the Chaparral
crew, of which Franz Weis and Troy Rogers
were stalwarts, were fabricating two
completely new Chaparral racercars, save for
their 2C-type tubs, drivetrains, tubular front
wishbone suspensions and anti-roll bars.
Unlike the rest of the field, they ran larger
16in wheels to have enough room for 12in
disc brakes with ventilated Kelsey-Hayes
discs and Girling calipers. Firestone provided
special tyres for the team.

The design of the new 1966 Chaparral
2Es was revolutionary, as my spies in Detroit
had warned me, so | wasn't as astonished as
other railbirds when the two white cars were
unloaded from their usual pick-up-towed
trailers at Bridgehampton for the second oil radiat ly
‘Can-Am race of ‘66 on 18 ber.
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“Wait until you see it..'I was told by
friends at the Bridge.It5... its.... its gota
great big wing on the back! Indeed, it did.

Wing thinking

Swiss racer / engineer, Michael May, is

rightly celebrated as the first to fit a proper
downforce-generating wing to a racecar. He
did 50 in 1956. He and a colleague designed
and built an inverted aerofoil mounted on
pylons to his Porsche 550 Spyder in the
position it would add the most downforce to
all four wheels. Moreover, he fitted a lever so
the driver could adjust the wing for maximum

drag, The rig proved
50 effective that Porsche lobbied successfully
for its removal at Nirburgring and Monza.
Being an engineer like May, and one who
associated with some equally good engineers
at Chevrolet, Hall was the man to tackle the
wing idea properly, albeit a decade later.

Shaping of all elements
of the Chaparral 2E was
masterful. It looked
like no other racecar

‘I studied aerodynamics and
thermodynamics in college; Hall recalled,
‘and I learned to fly as a teenager, so| had
experience with aeroplanes. All that went
together for me. | can look at an aerofoil,

or get an aerofoil book, and calculate the
amount of force we're going to get from this
orthat size wing, which is the way Chaparrals
were built. We knew approximately what
kind of force this wing was going to produce
before we actually built it/

Working in close conjunction with his
friends at Chevy, Hall’s breakthrough was in
mounting the wing-carrying struts on the rear
hub carriers so that force was applied directly
from the wing to the rear wheels and tyres.
This was done through tall pylons that held
the wing well clear of disturbances around
the car's airflow. Holding the pylons i place
was aform of lateral Watt linkage and parallel
trailing arms akin to those guiding the wheels.

Internally,the aerofoil-shaped struts
carried the hydraulic system that was used to
change the angle of the wing while the car
was moving. In its default position, the wing
was angled downward at an angle of 17-18
degrees to generate 240lb of rear downforce
at100mph to help comering, acceleration
and braking. Using a left-foot pedal, the driver
“featheredit to four o five degrees below
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B RACECAR FOCUS - CHAPARRAL 2E

horizontal (depending on the circuit being
raced on) on straights to reduce drag.

Applied for on 22 March 1967, the entire
aerofoll system was patented in the names
of James Hall Jerry Mrlk, James Musser and
Frank Winchell.

Force control

With this anchoring to the rear hubs, Hall
noted that downforce is ‘not transmitted
through the body and spring system of the
car. Now you can control the pitch angle of
the car very much better because you don't
have to worry about this big force going into
the bodywork.

‘The other feature of it is that it's
controllable by the driver in the cockpit. The
wing’s centre of pressure is forward of its
pivot, so it always wants to turn away from
where it's hinged. If it's in thi iti it

wants to stay there.

“The driver has a pedal next to the brake
pedal. When he gets out on the straight and
realises he's not accelerating as fast as he'd
like to, he just takes his foot over and pushes

Adjusting front downforce to balance that
ofthe wing was the function of an upward-
sweeping air ductin the nose, where a radiator
‘would normally be. When open, this duct

oduced reaction that forced

on the pedal. That trims g outand
adjusts the front downforce. When he gets
tothe end of the straight, he takes his foot

off that pedal and puts it on the brake. Soit’s
automatic. I’ fail safe. You can't go into the
corner with the wing in the wrong position.
We left foot braked and right foot accelerated!
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the car's nose downward. Linked with the
wing-controlling pedal was a flap that closed
off the duct when the wing was feathered;
reducing both downforce and drag.

So, where was the radiator? As part of a
major effort to shift weight to the rear driving

‘In 1966, when we ran the 2E,

that dramatic momentin

aerodynamics, it wasn't ready. If
we had worked on it, we would
have won almost every race’

Jim Hall

This overhead
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Dimensions:
Wheelbase
Track front

Afour-view drawing of the 2E showed the front ‘whisker

Track rear
Overall length
Width

backin the morning and smooth it all out,
make it look okay. And then Id critique it and
do it again!

‘Overall;wrote Chaparral chroniclers,
Richard Falconer and Doug Nye, the new
Chaparral 2E5 body gloriously emphasised
the project’s painstakingly pragmatic
approach, not only to the science of

Hall’s car broke and the wing began to flap
up and down. He retired, and not long after
the same thing happened to my car.

That was one thing about Chaparrals: no
one could ever complain they got the lesser
car because they were identical.

To be safe, they removed my wing, but
now the handling was unbelievably awful,

but also to the practicality
covering the most with the least.
“The panels did nothing more than hug

could hardly drive the
car. | skated home to seventh. So ended the
race and my Can-Am career, but | can'timagine

the mechanical
the header tank became part of the headrest,
the windshield was sharply veed in sympathy
with the twin outlets for the nose venturi
tunnel, and so on. The Chaparral 2E breathed
pure function with a futuristic sense of style
never forgotten!

Bumpy start

Delayed in his testing routine by the big
European endurance effort, Hall hadn't been
able to test the 2E as thoroughly as he had
wished. The fast, bumpy Bridgehampton
track finished the job for him when a bolt
worked its way out of the Watt linkage on

Phil Hill's car in practice, sending him off the
track. Hill consequently took over Hall's car for
the race, but had trouble with the hydraulic

counterbalance the added downforce of the wider wing

g g control and sticking throttles.
From second place at the start, he fell toa
fourth at the finish.

wheels, two Harrison aluminium radiators

Like Hill had at Bridgehampton, Hall set
the fastest lap at Mosport before retiring. Hill

d athwart the head
of the rear wheels, and sloping forward. Air
entered them through forward-facing scoops
and exited through large horizontal apertures
above the radiators.

there by a bumping incident, but
managed to hold onto second place.

In their third outing at Laguna Seca, the 2Es
dominated both practice and the race. New,
wider wings with end plates were fitted as the

Another benefit of thi: i as

team gained

greatly reduced cockpit Earlier
Chaparral cockpits became so hot that, late:
intheir development, a dedicated driver-
cooling duct was installed.

Other measures to shift weight rearward
included cylindrical tanks for engine oil and
fuel at the extreme rear. This higher rearward
weight bias meant better braking, with the
rear wheels still able to contribute during
high g racing stops. Overall the 2E weighed
1365lb (619kg).

Shape fantastic

Shaping of all elements of the Chaparral 2E
‘was masterful. It looked like no other racecar,
ahi-tech machine for speed created by some
futuristic institute’s brilliant engineers. Its
rear deck alone was a festival of fascinating
panels, pipes, ducts and screens. This was a
credit to Hall, who said, ‘I shaped the bodies.
I'm the guy that went out there and shaped
them. Most of the shapes on Chaparrals were
my sculpture. I'd come back after dinner and
go to work on the clay and make the changes
I'thought necessary. The guys would come

allowing upand down
the hilly California course with arrogant ease.

“The 2Es finally fulflled their potential at
Laguna Seca said Hill,‘with Jim setting a new
lap record in qualifying. We were 1-2 (Hill-Hall)
in the first heat, and 2-3 (ditto) in the second,
giving me the overall win!

Powered by special, aluminium-block,
327ci Chevy engines with Chevrolet's
homemade, Weber-type carburettors, the
Chaparrals had between 420 and 450bhp at
6,800rpm and torque curves tailored to the
torque converter characteristics. This was
not quite enough horsepower, however, to
put on a strong show at the fast Riverside
track - the only Can-Am the team entered
that year without collecting the fastest race
lap. Hall placed second there.

They looked stronger in the 1966 Can-Am
finale at Stardust Raceway, Las Vegas, where
Hill and Hall shared the front row of the grid,
thelatter setting another new track record.

Unfortunately, things didn't go quite to
plan in the race tself, as Hill related: ‘Soon into
the race, the rod that actuated the wing on

a g car in which to doit!

Safety factors

Hill and Hall subsequently finished the '66.
Can-Am season only fourth and fifth on
points, though their cars had clearly been
the quickest on track. The quiet precision of
the Chaparral team operation, developed
through the successful USRRC seasons, was
still evident, but Hall admitted there were
problems:‘In designing for aerodynamic
loads on remote-mounted wings, nobody
gave enough safety factor for the inertia
loads that came into the support strut
from the acceleration from the wheel
bumps. That's a high cyclical load!

Jim Hall summed up the 2E story as
follows: ‘In 1966, we decided to build a car
that embodied everything we'd learned
about aerodynamics up to that point, and
maybe a little bit about vehicle dynamics, too.
So we did a lot of things with 2E that were
different from the earlier cars.

It was very successful in the sense that it
was fast and easy to set up when we went to
the racetrack. | think it was a really versatile,
good racecar. It was just not very reliable,
and we didn’t win many races. So, from that
standpoint, it wasn't as good!

Asked what he would do differently
with the benefit of hindsight, Hall replied:

‘I would have slowed down the pace of our
development, given myself time to make
sure | had a reliable product. In 1966, when
we ran the 2E, that dramatic moment in
aerodynamics, it wasn't ready. If we had
worked on it, we would have won almost
everyrace.

'In"66 and '67, GM put a lot of pressure
on me to run an alloy big block. | had 11
engine failures in one season. So my career
- our career at Chaparral, | should say - was
marred by me jumping in too fast, trying
to do things outside our capabilities in
‘manpower and time!

Of the 2E he added, 'We probably
introduced it a little too early. We should've
had more testing on it. But that’s just the
way we did things. We were a small team.
We built the cars in the winter and took
them racing in the summer. That was it. We
were the small team from Texas that rolled
in with a pick-up and a trailer and ran our
races and left. And it was fun!
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I TECHNOLOGY - INDY AUTONOMOUS CHALLENGE

Though not everyone agrees, thereisa chool of
thought that says the next phase of mass transport
isdriver-ess vehicls, and what better way to
attract those who could develop the technology to
make it happen than a competition based at ane of
the world' greatest mator circuits

Algorithm racing

How the IAC is bringing students from around the world together to show how motorsport can

lead the way in autonomous vehicle development
By LAWRENCE BUTCHER, with research by LEIGH O'GORMAN

utonomous racing s a curious
and somewhat divisive topic. To
many fans, removing the driver
from the equation is anathema,
literally stripping the soul out of the sport.
However, the clue can be found in the
name‘motor'sport. Itis, and always has
been, a competition between drivers and

can take a variety of forms, from handling
adverse weather to erratic behaviour by
pedestrians. Motorsport is a development
accelerator and, i an autonomous vehicle’s Al
can handle such decisions at the very limits
ofits abilities in the heat of competition, this
should translate to improved performance on
road. Enter the Indy Autonomous Challenge
(IAC), ion that pits

machines. As such, racing has always been a
battle of engi has drivers, and

hicl inst each other around some of

herein lies its appeal for the development of
autonomous technologies.
Pivotal to achieving reliable and safe

the USA' great oval tracks.
Paul Mitchell is president and CEO of IAC,
and also of Energy Systems Network (ESN), an

ehicle oper on public
roads s being able to deal with what are
known as edge cases, the terminology used
to describe unexpected events. Edge cases
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p
working on developing an integrated

energy ecosystem through cross-industry
collaborations. ESN is also the lead backer

of the competition. According to Mitchell,
inspiration for the IAC stemmed from the
DARPA Grand Challenges of 2004 and 2005,
‘which saw autonomous vehicles attempting
totraverse a desert course in California,
competing for a prize put up by the US
Defense Advanced Research Projects Agency.
Racecar covered these events in detail at
the time and, in 2018, Mitchell and others
at ESN felt a similar challenge, hanessing
the appeal of motorsport, could help drive
current autonomous vehicle development.

Brightest minds

With the kernel of an idea brewing, Mitchell
invited Sebastian Thrun, who headed the
original DARPA Grand Challenge-winning
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Whenit became dlear early on that those
who entered the IAC weren'tinterested in
designing the ar itself,adeal was done to
usea Dallara IL15 Indy Lights chassi...

If an autonomous vehicle’s Al can handle such
dedisions at the very limits of its abilities

team from Stanford University, to visit the
2018 Indy 500. After DARPA, Thrun went
ontofound Google's self-driving operation,
which became Waymo, and now heads up
Kitty Hawk, a company developing remote
piloted air taxis.

‘He was very insistent that we need
something like that again. We needed to find
away to get the best and brightest minds
tofocus on this next phase of automation,
and what better way to do that than through
aprize competition and by leveraging the
platform of motorsport; recalls Mitchell.

The idea of an autonomous racing
challenge was well received by both industry
and academia thanks to, Mitchell says,

While the hook for the
competition would be running
a car autonomously at high
speed, the focus didn’t need

to be on the traditional
challenges of race engineering

three cl

in the heat of competition, this should
translate to improved performance on road

in the competition. US company,
Autonomous Stuff, then tookit
through to series (of 10) production

he

ls laid down at its
inception. First, we wanted to advance the
state of the art of autonomous technology,

would be running a car
autonomously at high speed, the focus didn't
need to be on the traditional challenges of

to test out and ige high It was here that Clemson
itomation with cl f University d the frame.
autonomous vehicles at high speeds.
‘Second, we wanted to attract the best Deep Orange

and brightest minds from around the world
‘to focus on vehicle automation.

Third was to win hearts and minds with
the general public - people who are familiar
with motorsport. If they can see a car going
150-160mph - we hope 200mph - around a
famous racetrack, then that may get them to
say," guessif it can do that, maybe | can be
comfortable turning on my ADAS lane control
when ' on the highway”

The organisation held several working
groups through 201819, hammering out
the shape of the competition, with Mitchell
noting it quickl where the

Every year, students from the department

of engineering at Clemson University in
North Carolina take partin its Deep Orange
project, a programme for masters students
where they build a prototype vehicle.
Robert Prucka, the Alan Kulwicki Professor
of Motorsports Engineering at Clemson,
attended an early meeting of the IAC. Pretty
much everybody in the room, except for me,
just wanted to work on the autonomy piece,
nobody really wanted to work on the vehicle
itself; he says. They wanted a vehicle to just
show up that they could operate, and that

main interest group was.

‘It was largely made up of computer
engineers, computer scientists, Al and
roboticists. They were not car people!

Those that wanted in were predominantly
involved in writing code, which could be
applied to anything from robotics to medical
research. As a result, while the hook for

, because the computer science
world is very different from the mechanical
engineering world I live in!

After some discussion, it was agreed
that Clemson would take on the task of
developing a suitable vehicle, a win-win
for both the university and IAC. It removed
the need for competitors to be involved in
the vehicle development, while Clemson's
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students would have a truly cutting-edge
project to get their teeth into.

“Iloved this idea, because it was for
students, and was to be utilised by students
around the world. It wasn't a professional
racing series, and it really itted the mission of
the university to help build this vehicle with
students, for students, enthuses Prucka.

Building a car capable of lapping at high
speed on an oval, from scratch, would have
been a tall order, even for a department of
Clemson's calibre. Instead, it was decided

"We engineered it for free. Of course, that
has risks, because we engineered it with a
bunch of students, which adds aittle time to
the development. Taking the IL15 ~ it open
wheel and has that look of an IndyCar -~ and
converting it over to autonomous was the
lowest isk way forward that could be done in
the shortest timeline!

From Mitchell’ perspective, using a car
from a single supplier was the ideal solution,
given the main aim of the competition.

‘It was a pretty broad consensus that

to take an existing d d adapt it for
the challenge at hand. The logical choice
was the Dallara IL15 chassis used in Indy
Lights, an already optimised package. The
Clemson students could then focus their
attention on integrating the hardware
needed for automation, rather than spending
time designing a tub, suspension and aero
package from the ground up.

Having Clemson on board also removed
amajor cost hurdle for IAC, as the university

should really be about the
software, and not designing your own car.
DARPA had allowed competitors to do both,
but think many of the people who had been
involved in DARPA felt that might not have
been the most efficient way to do things.

So, we wanted to normalise the vehicle
component of the competition, and then
have the real competition be around the
software to pilot those vehicles!

n bl tohot

footed the bill for process.
This was a result, as even a basic car build
programme would easily have run into the
multiple million dollar bracket. Just knowing
some of the prices of vehicle engineering,
and what it would have taken, the Indy
Autonomous Challenge potentially would
have struggled to stay afloat had it gone
aprivate route and had somebody else
engineer it/ notes Prucka.
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S
‘The student team at Clemson set about

The logical choice
[for the vehide] was
the Dallara IL15
chassis used in Indy
Lights, an already
optimised package

hardware, it was decided the stack should be
standardised across all cars competing.

The perception element of the system is
handled by a combination of LIDAR, radar
and cameras. Here, industry sponsors were
invaluable to ensuring some of the best kit
on the market could be used. For example,
three Luminar Hydra H3 LIDAR sensors with
2250m range and 360-degree field of view
provide a long-distance data point cloud,
augmented by four APTIV radars to monitor
objects surrounding the vehicle.

Six cameras are fitted, which feature

bli
hardware stack for the IL15, consisting

of perception systems and solutions to
automate steering, throttle and braking,
backed up with the computing power
needed to coordinate these elements.
Though some of the teams that signed up for
the competition were keen to use their own

rates to allow for high-
speed object tracking, and are also capable
of forward-looking stereo vision.

The sensors are backed up by two NovAtel
global navigation satellte systems (GNSS)
with RTK correction giving better than 2cm
positional accuracy, while a Cisco networking
switch synchronises all the perception
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sensors using a precision time protocol (PTP),
capable of transferring data at up to 40Gbps
for processing and storage.

This data is handled by a high-
performance compute set up supplied by
ADLINK, while a vehicle supervisory controller
from New Eagle monitors all onboard
systems and executes complex tasks via
student-designed software, which handles
all race control commands and operates
onboard actuators. These commands are put
into practice using drive and brake-by-wire
systems developed under a joint venture
between automotive Tier 1s, Schaeffler and
Paravan, a similar system to the one trialled
in DTM competition.

Response time

A prime consideration when specifying the
hardware stack was ensuring latency was
kept to an absolute minimum.‘On the vehicle,

didyou?

The team at Clemson built what was
by then dubbed the AD21 to a stage

there are staged
different response times; explains Prucka. The
steering system and the brakes operate at
around 1000Hz, then you go to another level
thatis the core backbone of the whole vehicle
- we call that the Raptor System - which
coordinates all the actions on the vehicle at
about 100Hz. The tems arein

whereit lling prototype. At which
point a mainstay of the autonomous
vehicle development community in the
US, Autonomous Stuff (which has worked
on vehicle integration projects for many
big industry players), was called upon to
‘productionise’the car and build up the 10
ts needed for

the 10Hz or faster range - they're asking for
steering changes and that side of things’

As Prucka notes, a high-speed, reliable
‘communication network was intrinsic to
keeping latency low and ensuring data used
to pilot the vehicle was correctly synchronised.

"High speeds are a big challenge, because
You are moving 80-90m/s at top speed and
just small changes in synchronisation, even
between the cameras and the Lidars, can
make the scene not stitch together very well:

This is where the Cisco PTP (Precision Time
Protocol) came into its own, keeping all of the
data flows perfectly in time.

Of course, there were plenty of hiccups
along the way getting the various elements
of the system to work harmoniously together,
some of which could not be eliminated
entirely, as Prucka recalls.

‘One of the challenges we saw throughout
is that from time to time, the GPS system
would get confused - probably related to
vibrations - because its not just using GPS,
it also has accelerometers and gyroscopes to
figure out exactly where the car thinks itis on
the track. I you put a high-level vibration into
that module, it can become confused:
However, this is representative of the kind
of chall i

They had the know how in terms of
sourcing parts, building harnesses and
creating a process torinse and repeat that
design across 10 cars; says Mitchell.

Fit for purpose

In addition to equipping the IL15 with a
comprehensive autonomous driving stack,
some areas of the car’s traditional hardware
needed modification to suit the nature of the
competition. Most significantly, the original
Indy Lights engine - a 2.0-litre, inline four
developed by AER - was ditched. Prucka
explains that unit, itwas.

A prime consideration
when specifying the
hardware stack was
ensuring latency

was kept toan
absolute minimum

o hit this brief, a Honda K20-based
turbocharged I4 from 4 Piston Racing based
in Danville, Indiana, was brought in. The
base engine is modified with elements such
asastructural dry sump that allow it to
take the place of the AER unit, which runs
fully stressed. It is then coupled to a slightly
unusual clutch set up. The reason for this is
Prucka feels it would have been a waste of
resources for teams to try and figure out how
It find the bite point ona

notideal for teams unfamiliar with handling
high-end racing equipment. They just needed
something with enough power to get the cars
up to speed that could be run with minimal
specialist knowledge.

The universities were going to take these
vehicles home at some point, and we wanted
a production-style engine that was very
robust, that the teams could start up and
do alot of development work with, without
needing an engineer around!

Another consideration was the need to
also operate at very low speeds. The cars
weren't just flung out on track and expected
torun flat outi teams had to

in the real world of autonomous driving.

“The teams worked through that [issue]
overtime... We were putting these systems
into applications they were never designed to
bein, and over the course of the competition
they leamed to pick out different signals and
watch for those issues/states Prucka.
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undertake a variety of slow laps to allow their
software to lear and map the tracks.

‘We went after a production engine, with
production cams and valve overlap, so that
way the dle speed could be low. That would
allow us to do as low as possible ground
speed, ataround 20mph or so/ explains Prucka.

traditional multi-plate clutch. To circumvent
this, a 5%in anti-stall unit developed by Sachs
for the WEC is used, which relies on a series
of weighted levers (much like a drag racing
clutch) to engage the plates as rpm increases,
removing the need for a clutch pedal.

Further unforeseen situations occurred
due to the fact most of the teams involved
were unfamiliar with oval racing, even more
so with how drivers handled the cars.

‘One of the things we found that surprised
us was the teams were trying to maintain a
speed, or set a speed target for themselves,
and that forced them to make constant
throttle position adjustments at frequencies a
lot higher than a driver would do; says Prucka.
“That was causing problems within the engine
controller because it was trying to hunt
around for a target it could never hit. We saw
some issues where the engine control would
go into limp mode because it was seeing
these different inputs it wasn't used to seeing.
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‘talking’

(e

“The engine company worked through
thatand put filters in place, and spoke with
the teams to make sure they could smooth
that out, but their effort to try to et really
tight speed control caused other issues you
wouldn't normally see, because the human
driver would allow the speed to float a lttle
bit and base how they drove on feel, knowing
what speed they were at!

With the autonomous stack built and
integrated, a comprehensive track testing and
development programme was a must before

Sr2cTFea sy

160+ mph

they were dispatched to teams. Unlike with a
regular racecar, where  shakedown would be
followed by high-speed running, for the AV21
everything had to start at a crawl.

Validation data

‘One of the challenges was the car was never
intended to have a driver. So you have to
build speed slowly over time, and you have

However, the advantage of using the
IL15 base was that data on set-ups, aero

maps and the like is readily available. From

an aerodynamics perspective, there was a
worry that the addition of the autonomous
hardware in the cockpit area, taking up a
larger volume than the driver’s head, would
upset the airflow to the rear wing. This proved
tobe the case as speeds began to increase.
However, some tweaks to increase rear

no

process at high speeds. There's almost no way

d d to fix that issue.

to get accurate validation data; says Prucka.

Itshould be noted that extensive CFD
simulation was also undertaken on the cars,
in conjunction with Ansys.

Aslight spanner in the works was the use
ofa different tyre to regular Indy Lights, with
a switch from Cooper to Bridgestone.

“The tyre changed and that created a lot
of uncertainty, recalls Prucka.'We had great
tyre models from Bridgestone, but when
they ran the first event [in November 2021] at
Indianapolis, and even a bit at Las Vegas, the
temperatures were pretty low and right on
the borderline of what you would operate a
race at, so it was really nerve racking!

Competition time

The competition format as it currently stands.
sees the cars run together in pairs, following
aqualification time trial to seed the nine
teams that have so far signed up. The teams
consist of members from 19 universities and

eight different countr d the world.
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The head-to-head races involve one car acting
as the leader and the other as the passer,
which must then execute an uncontested
pass. At that point, the roles reverse, with

However, achieving perception at
high speeds can prove a challenge. Phillip
Karle, team lead with TUM explains: With
high speeds, there’s not much research or

challenging because you don't get such

afocused perception input from the

sensors as you have at low speeds!
Karle acknowledges, however, that it

ttempted at ever-incs knowledge about the behaviour of sensors,
untilthe chasing car cannot make a pass. soit was quite challenging detecting other
objects, following them and then predicting

was the ‘planning’ phase that drove much
of the TUM software concept.
“Planis not just plan to drive straight

Early achi
Ultimately, the teams involved in the IAC
are not yet at a point where they are chasing
the last few percent of performance.
Simply moving the cars around a track at
areasonable rate, in tandem with another
vehicle, is achievement enough. But at the
second IAC event, held at Las Vegas Motor
Speedway during the CES technology
conference in January this year, the bar was
raised higher and the fastest lap of the event
was pushed up to just shy of 165mph.

The impressive on-track performance
was down to both the sound engineering
undertaken by the students at Clemson
University, and the software stacks developed
by all the competing teams. For one,
TUM Autonomous Motorsport (Technical
University of Munich, Germany), which
won the inaugural Indy event and was
runner-up in Vegas, its software stack was
divided into three pathways - sense, planning
and action. For'sense; data from the LiDAR,
radar, cameras and GPS was used to map out
the on-track environment, including other
«cars and the track limits.
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rrectl
‘if you imagine a laser scanner it scans
the environment, but it can get some sort
of motion blur, so it just triggers the laser
beams, but there is a delay and you geta
blurin your surroundings. That's quite

ahead, but also for us to predict other road
users like in a regular driving scenario,
which an experienced driver has. This is
necessary so we cannot just plan with the
current state around us, but also plan two
or five seconds ahead.

Gary Nastase
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tion, LLC (IMSA) was originally founded in 1969 and owns a long and rich history

in sports car racing. Today, IMSA is the sanctioning body of the IMSA WeatherTech SportsCar Championship, the
premier sports car racing series in North America. IMSA also sanctions the IMSA Michelin Pilot Challenge and the
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Club de I'Ouest (ACO) which operates the 24 Hours of Le Mans as a part of the FIA World Endurance Championship.

IMSA seeks a talented professional to join
us |n the position of Data and Electronics

based in our Day Beach,
Florida office.

Primary responsibilties include oversight of electronics,
telemetry, and data systems across multiple series and classes.

Duties include but are not limited to:

“Development, implementaton,and ovrsight of seresspecifc lecronics,
telemetry, and data acquisition system

interfaces direety with teame ond suppliers for al IMSA seris on lldata
systems, telemetry, and electronics

~Administers policy as defined in the regulations related to data systems,
telemetry, and electronics

~Organizes setup, configuration, and operation of trackside engineering
infrastructure

~Manages collection, organization, and internal distribution of logged data
«Assists in writing and revising regulations, further developing enforcement
methods, and scrutineering of related systems

+Assist stakeholders with regulation interpretation

Required skills/experience:

«Bachelor's Degree in Mechanical Engineering, Electrical Engineering, or
related; and at least three (3) years of experience in motorsports
+Professional motorsports experience required, team or manufacturer
experience preferred

-Professional experience with motorsports data acquisition

~Understanding of vehicle systems and control systems

-Skilled with Excel, data interpreter platforms, and data logging configurators
-Programming experience in MATLAB preferred

«Experienced with both Controller Area Network (CAN) and IT network
technologies

+Strong work ethic, unquestionable integrity, and commitment to excellence

-Adept at multitasking and project management

«Drive for highest quality work

~Data driven decisions using solid engineering fundamentals

+Ability to travel up to 50%, including weekends

Apply Now!
www.careers.nascar.com

Follow us on Twitter @ NASCARJobs to stay
current on all of our openings.

IMSA seeks a talented professional to join us
in the position of Senior Manager, Systems
Engineering based in our Daytona Beach,
Florida office.

Primary include

implementing, and managing of technical systems, software, and
processes related to IMSA Competition.

DIIKIES m:lude but are not limited to:
eads it of event operations, protocols, and procedures for

new energy syslems, including High Voltage Hybrid and EV powertrains.
~Responsible for management of systems, networks, databases, and interfaces
ranging from vehicle level, trackside, pit- Iane, padduck and remote/cloud,
~Leads scope,
integration, and operations of third-party sounced vehiee rackelde, and
virtual systems.

and oversight of technical systems, software, and processes related to IMSA
Competition.

~Manages cross-platform integration of systems, networks, databases, and
interfaces related to IMSA Competition operations including vehicle level,
trackside, pit-lane, paddock, and remote/cloud.

“Directly interfaces with suppliers of (echnlcal syslems. software, and services.
«Leads scope,
integration, and operations of third-party sourced vehice, racksde, and
virtual systems.
~Manages department of full-time and part-time engineers and technicians.
+Technical oversight of event operations, protocols, and procedures for High
Voltage Hybrid and EV syste
-Assists in research and series related development of alternative and new
energy powertrains.
~Assist in regulation authoring and aide stakeholders with rules interpretation.

Required skills/experience:

-Bachelor’s Degree in Mechanical Engineering, Electrical Engineering,
Computer Engineering, Computer Science, or equivalent; and at least eight
(8) years of experience in motorsports industry

+Experience managing teams

-Professional motorsports experience required

~Understanding of vehicle systems and control systems

+Experience working with high voltage hybrid and EV powertrains

+Professional experience with motorsports data acquisition

-Skilled with Excel, MATLAB, and C#.

+Strong work ethic, integrity, and

+Adept at multitasking and project management

~Drive for highest quality work

-Data driven decisions using solid engineering fundamentals

~Abilit to travel up to 50%, including weekends
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“Motion prediction and planning are two
modules that are closely related to each other,
and thisis a great part of planning!

Asan example of that, the planning
phase must decide how a car should behave
‘when a committed overtake crosses into
an impossible window - a scenario human
drivers regularly handle. You have one
chance with high speeds; notes Karle gravely,
‘and you could crash if you don't have the
possibility to brake accurately.

Real world scenarios
Unfortunately for TUM, when it reached the
final of the Vegas event, a miscalculation led
toits car spinning out just after it had been
passed by overall winner, PoliMOVE (a joint
effort between Politecnico di Milano and the
University of Alabama). Karle put this down
to the team’s algorithms not being refined
enough to determine that the reliability of
its sensor data was beginning to become an
issue as speeds increased due to motion blur
in both the LIDAR and visual camera systems.

‘The algorithm on its own has to have
awareness in case of a dangerous situation,
and we have to decelerate and not push the
limits further. That’s what a human driver
does intuitively when you can't see that
much, or when it’s icy on the road. It's an
insight that we got over there/ explains Karle.
‘An algorithm has to be capable of taking the
situation when it's a little bit more critical, and
to react respectively to reduce the risk for the
road users.

“Itis possible to handle this with
algorithms, its just that you need more
experience at those speeds [to do it]. There
will be progress in the sensor development
but, with current sensors, it's also possible
that we just have to collect enough data to
improve algorithms for high speeds!

Despite these, and other, teething

e
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-
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problems, in Prucka's opinion,
of Deep Orange 12 has been a very useful
learning experience.

“It’s all about trying to keep it as simple as

possible, when there rt

He was also surprised at the commercial
prospects the competition opened up. ‘It
interesting because an entirely new

orrace control, or anything like that, it’s hard
enough just to get the vehicle to go and
‘communicate, so they want to just focus
on software. The rest of the vehicle doesn't
need to be a technical marvel, it just needs
to function, but so much effort goes into
replacing the driver!

He suggests that some elements from IAC
could be integrated into traditional racing
in areas such as safety, highlighting recent
accidents, such as Antoine Hubert's, where it
was not the crash that caused issues, but the
aftermath created by following cars. If the
sensors and datalinks used in IAC could be
harnessed to provide rapid warnings of an
incident ahead, they could gain vital fractions
of a second needed to respond.

60 wwwracecar-engineering.com JUNE 2022

sponsor set could be engaged, and some
of the companies completely loved the
idea; he says. That was encouraging, and
we really didn't see the power of what we
had done until the ‘phone started ringing
after the first event.

Adding speed

As for the future of the IAC, the first two
events at Indy and Vegas were deemed a
success and now, according to Mitchell, the
goal now s to add speed.

“[At Vegas] they probably could have done
one more speed increase, and then the cars
would have reached their top speed for the
way that package was set up. So we do have
plans to increase the speeds of our vehicles.

Our goal is to try to get the

cars to be able to touch
200mph, and be able to

certainly hit the 190s in the
next rounds of competition

We're going to continue to use the same
engine, but we're going to be changing

the turbocharger package to build in some
additional horsepower.

‘Our goal s to try to get the cars to be able
to touch 200mph, and be able to certainly hit
the 190 in the next rounds of competition!

Could 2022 see the first 200mph, drive
less lap of Indy? | wouldn't bet against it. (9

Gary Nastase
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I TECHNOLOGY - STEERING SYSTEMS

Steering group

An in-depth look at developments in the most direct interface between driver and vehicle

By JAHEE CAMPBELL-BRENNAN

he steering system on a racecar is a
sub-system that stays largely behmd
the

orientation of this axis in 3 space s key in
deﬁmng steering kinematics, which I

directly felt through the steering wheel,

fthe tyre relative to the track

vehicle performance, yetinthe
pursuit of victory it plays a significant role.
The design and operation of the steering
system can, literally, make or break a racecar.

surface asits steered.
By defining the moment arms associated

which is key in not only the
levels of feedback the driver receives, but
also with respect to ergonomic concerns
sround steerng ffrt

with 9 the
orientation of the steering axis also controls

Like many
system is a small piece in a much bigger
puzzle but, once you scratch the surface

and lookalittle deeper,it's clear to see the
engineering is remarkably involved and its
technical intricacy is up there with the best.

Asthe main control interface between the
driver and car, the operation of the steering
system has a direct influence on the chassis
dynamics and the driver's ability to accurately
and confidently control the vehicle.

As ts basic function, the steering system
exists to provide a mechanism of changing
the car's trajectory by rotating the front
‘wheels around a steering axis. The precise

the magnitude of for
the driver from the contact patch via the
system during steering, throttle and brake
applications by defining the mechanical trail
(caster) and scrub ratio (king pin inclination).

transmitted to

Optimal performance
Optimal geometry for performance usually
results i large values of these parameters,
which means high forces are transmitted into
‘the structure of the system. This consideration
is important on two levels.

Firstly, as the driver interfaces dlre:(ly with
‘the front wheels via th

must the
civer with respect to metrcssuch s the
steering ratio, which defines the angle of
steer introduced with each unit of rotation
at the steering wheel. The larger the steering
ratio, the lower the torque required by the
driver to implement the change, but the more.
turns needed to go from lock to lock.

The steering ratio therefore influences
the effort required to maintain control of the
wheel through a coner as lateral acceleration
builds. In a practical sense, this means at the
weight and level of lateral forces generated
by today’s high-downforce racecars, the
steering forces can be very high.

any g h

load bearing structure,
teering syst

the ystemare

undergo alevel
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of structural compliance of magnitude
proportional to the longitudinal or lateral
acceleration. This compliance affects
dynamics by creating an understeering or
oversteering effect, which means the system
must also perform without being overly
affected by deflections under load

Just taking allthis into account, it clear
tosee that developing an effective, useable
steering systemis starting to look a lot more
complex than you might at first presume.

High performance automotive steering
systems today universally involve a rack
and pinion, a mechanism that converts the
rotational movement of a pinion gear on the
steering column into a lateral movement
at the steering rack. As the driver turns the
wheel,the rack extends at one end and
retracts at the other.

Due to the steering kinematics required
for performance, optimal geometry usually
produces forces too strenuous for the driver

‘Overall Criterion: On-Center Fesling

Criterion: Steering Effort at
Center Point

Measuement  —— Simustion

3 o ]
Staering Whee! fngle eg)

i s £l £l

to manage with strength alone. Combined
with significant aerodynamic loads in
high-speed corners, this means a level of
mechanical assistance is required to maintain
reasonable ergonomics for the driver.

Hydraulic assist

Inmotorsport, this assistance traditionally
uses hydraulic pressure generated by an
engine-driven pump to augment the driver’s
steering inputs. It's an old technology that has
been substantially developed over the years,
is reliable and well understood.

The same basic rack and pinion approach
is used as in unassisted systems, with the
hydraulic pump supplying a cylinder located
at the rack with fluid under high pressure.
Within the cylinder is a piston that drives the
movement of the steering arms.

As the torque applied to the steering
wheel is varied by the driver, the deflection of
atorsion bar mounted inline with the steering
column and the pinion gear rotates a spool
valve and exposes orifices depending on its
rotational displacement. This modulates the
oil flow to the cylinder and defines theboost
curve’of the system.

Being the main interface between the
driver and car, the steering system must

\gWheelTrq vs. SteeringWheelAngle

JIPG‘ 5

jon - WeaveTest 20kmh

provide alinear input-output relationship to
ensure predictability. This means there should
be no sharp steps in the boost curve.

Due to the nature of hydraulic systems,
the viscous damping and inertia of the
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I TECHNOLOGY - STEERING SYSTEMS

mechanical parts introduces a level of
hysteresis into the system, damping out
much of the micro feedback noise'from the T
road surface. Nevertheless, feedback through
the steering wheel provides an important
indication of driving conditions.
“High-downforce cars such as GT500 or
LMP2 have a lot of assistance to provide the
torque required through high-speed comers,
50 you don't get much feel through the
‘wheel as such; explains Jann Mardenborough,
NISMO factory driver. ‘The steering does

Lateral Force &

o o o o
S 25 5 -

Lateral Force / Aligning Moment [Normalised]
°

progressively load up at higher corering 02

speeds, but you don't get the sensation of

feeling individual bumps or notches in the 0

road surfacelike you might expect. Itjust 06

weights up, you don't get much else in terms

of physical feedback! -08

Aligning moment w5 0 s 5 10 15 20

g . 0
The physics driving this feedback is the Sllihols 6]

‘aligning moment' (Mz) generated by lateral
forces at the contact patches. Towards

the limit of grip, the aligning moment
contribution from the tyre fall off and is felt
by the driver as a lightening of the steering.
This is a valuable indicator of the conditions
at the contact patch, and the driver must

be able to feel this clearly to make precise
adjustments and remain in control.

‘It definitely quite a clear feeling when
You're over that peak, as the steering loses a
lot of weight; continues Mardenborough.
drove a truck from the [European Truck Racing
Championship that gave almost no feedback
atthe wheel and it was very difficult to feel
where the limit of grip was. Youd overshoot
and the only cue to tell you what was going
onwas a lot of vibration through the wheel!

Similarly, in braking. When one wheel loses
traction, the forces communicated into the
steering system by the front wheels via the
scrub radii become unbalanced and generate
torque at the steering wheel, informing the
driver that a wheel has locked up.

These early warning systems are very
transient qualities and depending on the
level of inertia and damping shown. Assisted
steering systems influence how the signs are
‘communicated to the driver, so system sizing
becomes a dominant factor here - larger and
more substantial systems introduce a greater
amount of fitering to the signals.

Hydraulic systems generally perform
quite wellin this respect, maintaining a linear,
positive and confidence-inspiring connection
between driver and machine. Today, though,
with the push for optimum efficiency,
alternative solutions are desired.

The pump of a hydraulic steering set up is
driven by the engine’s ausxiliary drive system,
which means there is a constant power
drain on the engine, even when assistance
is not needed. This is an obvious source of
inefficiency that can't be avoided.

Buggyra Racing
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In their operation, these systems generate
enough heat to require their own heat
exchanger and associated cooling circuit.
More inefficiency. In addition to the weight
penalty, dissipating this much energy either
means you're producing less power, or youe
using more fuel than you need to.

Electro-hydraulic assist
Electro-hydraulic power steering has.
therefore been introduced as a solution to
this constant working of the fluid, introducing
an electric motor into the system to drive
the hydraulic pump only when required.
This is a sure improvement, but is a less than
streamlined solution as both an electric
motor and hydraulic pump are required. The
energy saving comes from the fact that the
pump s driven only when required.

Electric Power Assisted Steering (EPAS)
is a further, relatively modern refinement
to steering systems, which removes the

hydraulic element relies
solely on an electric motor to drive the pinion

gear. It

for many year: Hy i i [
on road cars, butis more recently seeing damping value and therefore demonstrate
exposure in motorsport. less hysteresis than EPAS.

‘The first benefit of EPAS in motorsport is
reliability; says Tim Sherrington, application
engineer at IPG Automotive UK, a company
that offers simulation services to the industry.
“Removing an entire hydraulic circuit, with
high-pressure pump and associated cooling
lines,is a big benefit. The EPAS system is body
mounted, which is also a kinder environment
interms of heat and vibration!

With hycfraulicsystems,the response can

Electro-hydraulic systems lie somewhere
in the middle of this, where the performance
of a hydraulic system can be maintained
whilst benefiting from some of the efficiency
gains of full EPAS.

Artifical damping

Going all the way with full EPAS requires.
some additional consideration to recreate the
favoured performance of hydraulic systems,

only be relatively ouinput
a certain steering torque, you get a certain
force at the steering arms. With EPAS, a new
dimension of control is added as there is a
layer of logic controlling the response.

“We have what we call a boost curve
in assistance systems, and with EPAS we
have much more control over this than in
traditional systems. This means we can vary
the assistance depending on things ke
vehicle

as Sherrington explains:
With EPAS, you must tune the level of
damping artificially with the motor. Generally,
youwantas lttle damping as possible as
this keeps hysteresis low, but you sill need
some level to keep the system stable from a
controls perspective.
The different levels of hysteresis is what's
blocking some of the detail from reaching
the driver in EPAS, so is where a ot of the

With hydraulicsystems,

the response can only be
relatively one dimensional...
With EPAS, a new dimension
of control is added as there

is a layer of logic controlling
the response

to design the system to have a very high
natural frequency, and to design the steering
geometry such that you donit need an overly
powerful motor to drive the system. This
‘minimises hysteresis and maintains linearity;
notes Sherrington.

Steer-by-

add: is,in devel Igorith Technology doesn't stand still, of course,
Perhaps the hardestpart ofi that optimise this and also maintain linearity  and, as the science of control rapidly moves
EP ina inth g response! forwards and redefnes whats possibe
environment such as motorsport,is having With the addition of th | is exploring the new
the feedback of an analogue system algorithms, you have to ibilt dby EPAS

replicated athully enovgh toallow the

introduce variable damping maps to

driver to stay connected to thy at
the contact patch. This i largely governed by
the inherent damping of the system.

‘The qualities of this damping is an area in
which EPAS and hydraulic systems have some
inherent differences.

The electric motors used in EPAS need to
be sizeable to provide the torque required
to achieve the assistance targets dictated by
the boost curve, which means they have high
inertiaand suffe from magnetic damping.

damping at different speeds and
improve the feeling of stability for the driver.
“You can even start thinking about yaw
rate-dependent damping, too. It opens a huge
amount of possibilities;adds Sherrington.

with steer-by-wire (SBW) technology, more
commonly seen on new generation road cars.
With steer-by-wire, the mechanical linkage
between the steering wheels and road wheels
is removed entirely. The steering wheel
bemmes the input to a potentiometer, which
arack-mounted electric

Aswithany tem, an EPAS
system has a resonant frequency associated
with it, which can also be problematic from a
controls perspective.

“You can actually end up running into
resonance with the whole subframe and

he level of
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soyou have y

‘motor. To maintain some feel at the steering
wheel,a separate motor is mounted to it to
provide steering torque according to some
pre-defined control strategy.

The first benefit of steer-by-wire in
motorsport s nits packaging benefits.

Dorr Motorsport
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Not having to give up valuable space in
the engine bay, or space which otherwise
might be used for improved aero, is a clear
advantage that most designers would take
with both hands.

In addition, the requirements of steering
response whilst driving straight ahead with
the wheel‘on centre'are quite different to
when the wheel is loaded mid-comer. To
provide desirable behaviour in this respect,
variable ratio systems that alter the angles
of the gear teeth on the rack feature quite
extensively in performance steering systems.

On centre, the response of the system
must be sufficiently relaxed to allow the
driver to make minute adjustments in vehicle
placement on track without feeling darty;,
whilstin the cornering phase, where the
loaded tyres are less responsive to small
inputs, the steering must quicken for precise
control to ensure small steering inputs have
tangible effect on the car's attitude.

By varying the angle of the gears on
the rack, the system can to

produce a steering angle-dependant ratio.
Being hardware based, though, the ratio
is ultimately set between certain fixed
parameters defined by the gear geometry.
Perhaps the largest performance benefit
of steer-by-wire systems is that the steering
ratio can be software controlled between
infinite ratios to suit the driver, steering
Velocity, yaw rate, track conditions, tyres, set-
up and anything else engineers may dream of.
Remove the rack altogether and
implement individual actuation at each
wheel and you can even vary toe dynamically
or program variable Ackermann percentages
depending on speed and comer radius,
asjust a couple of examples. From a pure

On top of all the engineering involved,
drivers also have to overcome certain
perceptions about technology like this.

“In Super GT, we had issues with our
power steering pump, which wasn't strong
enough for high-speed corners ke 130R at

Schaeffler-Paravan Space Drive system in the
ADAC Germany championship.

“If you're on fresh tyres and the caris set up
well,| think | would have needed somebody
totell me it was a steer-by-wire system.

“There's a chicane on the back part of

Suzuka/ recalls “Youd have
power steering on the entry without issue,
butat peak g at the apex, it would just lock
asitdidn't have the power to add any more
steering angle. You can imagine how that felt.
‘At least in this condition you can still

muscle your way around, but without that
direct connection how do you manage those
Kinds of situations? My initialfeelings are that

point of view, by
does revolutionise what t’ possible to
achieve with a steering system.

Its not all roses though. Removing the
mechanical connection between the road
and the driver’s hands presents almost as.
many challenges as it solves, and these
challenges are more serious than the benefits.

Safety concerns
“Safety is a big concern with steer-by-
wire, and there have to be many layers of

I'm not with it!

Another interesting point of discussion
is the performance of steer-by-wire systems
over the range of conditions experienced in
racing. In wet conditions, the response of the
tyres s very different to dry, for example.

“In dry conditions, the feedback you
receive is mainly an increase in steering
weight, but in wet it's a little diffe

in which the racing line is
straight over two kerbs, That was perhaps
where the differences presented themself.
With standard steering, those kerbs send a lot
of impact shock through the steering, which
1 didn't feel with steer-by-wire, but maybe
only notice that because | have driven both
systems and have a comparison. It didn't
affect lap time atall!
Latency also becomes a consideration
in steer-by-wire systems. With no direct
connection, a driver's input at the wheel must
be detected and processed by the system's
control unit, passed to the steering rack
motor and then actuated. This all takes time.
Excessive latency creates a scenario where
the steering wheel and road wheels are out

Through the steering you can feel the tyre slip
alittle more, and vibrate as it does so, almost
like you can feel the tread blocks compressing

built in/ says and bout/notes
There needs to be a hierarchy of signal “These are important signals about what's
ties and checksums happening and where the gripis!

signals are validated. It also needs to be
designed such that there's no single point of
failure so, if any one aspect fails, the overall
system can continue to function.

“The amount of different things that
could happen are huge. If a power connector
fails, how does the system switch to another
circuit? If an ECU fails, how does the other
one seamlessly take control? Clearly, such
concerns are not trivial.
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With steer-by-wire and no direct method
of transmission for those feelings, drivers
may have to find other, less salient cues to
drive around that sensory vacuum. These
may be less accurate, and not positively
reinforcing for drivers. Cue more challenges
ahead for the controls teams.

“My first thoughts are that it was very
impressive; comments Fred Martin-Dye, who
drove a Mclaren 5705 GT4 fitted with the

of phs ing which would become
more apparent at high steering speeds.

Removing the mechanical
connection between the
road and the driver’s hands
presents almost as many
challenges as it solves, and
these challenges are more
serious than the benefits

Dorr Motorsport
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real vehicle, with all joints and mounts. The
steering arms are then subjected to forces by
linear actuators according to a particular
road profile to replicate real vehicle inputs;
says Will Snyder, sales engineer at IPG
Automotive UK.

“Ifdriver feel is to be developed, you can
actually include a Driver-in-Loop (DiL) with
this system, too!

Driver-n-Loop i this context allows the
driver to take the wheel of the simulator, with
real steering hardware, and be exposed to
specific driving conditions. The subjective
feedback gained here can be very beneficial
for producing systems that drivers are
comfortable and familiar with.

“Eventually, EPAS and steer-by-wire will
replace hydraulic systems entirely as they
are just more efficient and flexible in terms
of what theyre delivering; adds Snyder.
‘Much of the current work with EPAS systems
is to make them feel like traditional, more

If this frame of

‘One area in whichits presence was
somewhat more pronounced was in oversteer
situations as you quickly return the steering
to straight ahead after correction. With the

Off-track simulation, which is a massively
growing tool in automotive system
development finds another, very effective use
in developmg these systems to improve their

mind switches, they ll be judged differently!
It seems steer-by-wire is inevitable and,
asthe technology develops, it il be honed
as our understanding and experience grows,
aidingits reputation as reliable technology.
It's interesting to question the
targets though. Do we need to

SBW system, g would g g
and the sensation was almost like my hands
nd the wheels were outof syt s a bi

I strategies.

Valldatlon systems
inasafe,

initially, but
manage to improve this as time went on,"
continues Martin-Dye.
“Overall | think it was a great system
and, even during that season, many of the
issues we experienced were improved by the

quickand costeffctive way i the domain
ofHardwareIt-Loop (L) siulstion.This s

be trying to recreate the feel of older systems,
or are there other methods of simulated
feedback which can be equally useful?

Driver feedback so far has been positive,
but it seems there is something missing
compared to the quality of fee presented

also an ideal place lop fety
protocols for the system.
*HiL systems bring great advantages to

9
problems will only continue to improve:

process. You can set up the
steering system exactly as it would be in the

by traditional hydraulic systems. Moving
from analogue to digital systems does bring
advantages, but right now there seems to
be something lost in translation.

DiLand HiL
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By DANNY NOWLAN

The porpoise effect rattwo

A case study approach to understand what drives this phenomenon

n last months article on porpoising,
1 gave a broad overview of what the
effect was, and a case study of how
the approaches to dealing with it were
applied to a high-downforce open wheeler.

What that article lacked, however,
was detail, because | was talking about
alive racecar and was unable to share
any particulars about the programme.

S0, to address this, | have taken one of
the ChassisSim templates and radically
increased the downforce so | can give you
some actual numbers and a quantitive
case study. Along the way, I'm pleased
to'say a lot was learned, in particular the
limits of what you can actually do, and
what you should be thinking about.

Thisis what we'll be discussing
in depth in this article.

First things first. While my initial
‘comments on porpoising still stand, one
thing | was remiss in not mentioning was
what you can do about porpoising is highly
dependent on the relationship between the

Jatform and tyre sti

The relationship between tyre spring
stiffness and platform stiffness will dictate
what you can do about porpoising. In
particular, equation 1 explains it.

_ Ky Ky

“ Ky+K,

K
%xB:IOO-ﬁ
PR

(U]

K., = equivalent spring rate of the body
and tyre spring combined

spring rate of the sprung mass
pring rate of the tyre

percentage of movement of the
sprung mass

The vital point to note here is your absolute
limit s the spring rate of the tyre, particularly
if the tyre spring rate is too low. If we cross
reference this to Figure 1, you'll see you

why this s, let's refer to the quarter car model
of a car's suspension, as shown in Figure 1.

can di ing you want with the body
spring and damper but, fundamentally, there
islttle you can do to solve the problem.

Kt
The parameters are
m, = mass of the sprung mass (k)
m, = mass of the unsprung mass (kg)
Ky sprung mass spring rate (N/m)
C, = sprung mass damping (N/m/s)
K = tyrespring rate (N/m)

What you can do about porpoising is highly dependent on the
relationship between the platform and tyre stiffness
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S0, let's now talk about the racecar

particulars. These are outlined in Table 1.

Toadd a bit more colour to this, Figure 2

is the C A front and rear ride height map.
One thing to note here is that the values

in these maps have been normalised to

aid theillustration. The actual numbers are

multiplied by the C A number in Table 1.

Aero oscillation

The real challenge in setting up this car is
manifold. Firstly, there is quite a bit of aero
variation here. While not porpoising in the
strictest sense, this car will be prone to a lot
of aero-induced oscillation.

Secondly, the car is producing peak
downforce between zero and 8mm of front
ride height. This is going to dictate a very stiff
front heave spring / bump rubber package.

Item Value
CA 6

Aero balance on front axle 45%
Carmass 800kg
Weight distribution at the front  45%
|Frontrh 70mm
Rearth _8omm
Front spring rate 270N/mm

| Rear spring rate 350 N/mm
Front tyre spring rate 220N/mm
Reartyre spring rate 270 N/mm
Allmotion ratios frontand rear 1

Circuit Eastern Creek

Fig 2: Front and rear ride height map

ChassisSim 3D Map Viewer

ChassisSim Map

[DownforcethMapvs

The first challenge in resolving the
set-up for the racecaris to figure

out what the limit condi

The first challenge, then, in resolving
the set-up for the racecar is to figure
‘out what the limit condition is.

From some preliminary simulation
workl did, the mid-corner speeds are
typically 200km/h and end-of straight
speed is 300km/h. For the mid-comer
speed, equation 2 is what we have in
terms of downforce requirements.

F,, ,=ab,-05-p-V?-C,A
=o.45-o.5-1.225-(@ 6
36
= 6176.04N
E,, , =ab, 05 p-V?-C,d
>
:0,55-0.54.225»(@J 6
36
= 7548.54N @

So, in terms of tyre deflection, what we are
looking atis shown in equation 3.

Selected Values
0
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038 o087

0% | 097 087
0ss | 0% o087
“os7 | oss b1 o
0s6 | os I o8
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Cancel Export text/Aero Fie Inport text e

ion is

me,/
1T 2k,
_ 6176.04N
T2.220
=9.09mm
F,,
d, ===
2-k,
_ 7548.54N
T 2270
=13.98mm @)

td

The reason we have multiplied the tyre spring
rate by two is to account for the fact there are
two tyres holding the car up. As can be seen
with the cornering limit combined with the
static ride heights, we are comfortably within
specs of the current spring rates.

True limit

The true limit condition is the end-of-straight
condition, and if we re-run the numbers at
300km/h, things become most revealing, as
equation 4 shows.

F,p, ;=ab,-05-p-V*.C, 4
p
= .45-0.5~1.225-(@) -6
36
=11484.4N
Fy, ,=ab 05.p-V*-C,A
2
~055-05-1225.(3%) 6
36
=14036.45N @

The tyre deflection now becomes as shown
in equation 5.
F,
T2k,
 11484.4N
2.220
=26.1mm
Fuo s
1, =t
2.k,
_ 14036.45N
© 2270
=26mm 5)

d
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What is immediately clear to see s that
the end-of-straight condition is the limit
condition, since the tyre deflection is almost
half of the ride height value.

Spring deflection

The next challenge is to determine the
front and rear spring rates. The first step
in choosing this is to figure out the spring
deflection you need. So, what we will
choose is 10mm at the front and 20mm
atthe rear. This is being driven by two key

Fig 3: Applied front third spring bump rubber cur

Firstly, we want igg!
room in terms of how we can adjust ride
height (remember, the kerbs get a vote, too).
Also, if we refer back to Figure 2, we are
going to be highly constrained in terms of
what we can do with our front ride height.
To start working out the effective
spring rates, we'll use equation 6.

F,

wero_t
2. ft_damp
_114844N
C200
=5742N /mm
Fro s
ko= 2-rear_damp
14036.45N
© 220
=350.9N/mm

k

foer =

(6)

The reason we can do sucha simple
calculation in this equation is the motion
ratios front and rear are one. The big take
away from equation 6 i that we don't need
to run arear bump rubber (that said, we will
run one anyway, just as a precaution), but we
have a bit of work to do at the front.

The next port of call at the front is to
figure out the total force we'll need for the
front bump rubber, which we will run on the
third, or heave, spring. Doing the maths,
the answer is produced by equation 7.

BR_ force,, =F,,, ,~2-k, - fi_damp
=11484.4N ~2-270-10

=6084.4N @

Given that we don't want any huge
discontinuities in the bump rubber, we will

—
4500 5667 6833  8.000
Disp (mm)
3800 5200 6600 8000
1301.000 2000000 3500000 | 6084.000

But what s the base spring rate we
should select for the front? We choose a
mid-point for the engagement of the third
spring because this is what we'll expect at
the mid-corner conditions of the high-speed
turns. Here el see Smm of bump rubber
deflection. This s a spring rate of SOON/mm
and so, split at the main spring where the
damper is, this equates to an effective
spring rate of 520N/mm (270 + 250N/mm).

The base damping rate at the front is
therefore given by equation 8. And at
the rear, itis as shown in equation 9.

m, =180kg

_ [520x10°
180

=53.74rad | s
Cy py=2w,m,
=19349.4N /m/s
®)
m,, =220kg
330x10°
220
=38.72rad /s
=2-@,-m,
=17041N/m/s ©@

C

B _rear

Now we have the base damping rates,

Avery quick observation is that
the baseline run was the spring rates
we specified with the dampers as per
the car model, not our specification
that we just discussed.

From this run log, a couple of things
pop out immediately. Firstly, don't be shy
about aggressive damping rates in the low
speed, as that was imperative to keep the
car’s platform controlled. Also note the
drop in contact patch load variation when
we went from run one to two, when the
higher damping rates where applied.

Given our goal was to control this
as a porpoising simulation, the final
configuration chosen was that shown in run
seven. The reason being the big drop in the
cross pitch mode response, which should
drastically reduce any porpoising behaviour.

To conclude this section of our discussion,
Tet'slook at the final damper curves.

These are presented in Figures 5 and 6.

With the fronts in the low-speed bump,
we have kept very close to a damping
atio of one, forced upon us because of
the high springing. In the high-speed
bump, we have kept to a damping ratio
0f0.5. No major surprises there.

You'll note in rebound, the damping rates
areless. This was driven by managing the
contact patch load variation at the front.
The rear is very interesting though. In the
high speed, the damping ratios are 0.5 in
bump and 0.4 n rebound. Again, nothing
particularly unusual about this. But note the

we can start the work with the shaker rig
toolbox. The base damper curve will be
a bypass of 50mm/s. Note that is only an

have thi ata ground gap of 2mm.
The bump rubber curve is shown in Figure 3.

Now we have established the springing,
we need to establish the base damper
parameters. The rear is pretty straightforward,
but I'm going to cheat  lttle bit and selecta
rear spring rate of 330N/mm. This brings the
natural frequency at the rear in line with the
front without the third spring.

72 Wwwiacecarengineeringcom JUNE 2022

, but one based on a good
deal of experience. That said, the base
damping curve will be a damping ratio of
onein the low speed and 05 in the high
speed. And remember we are choosing a
speed of 200km/h here, since this s the
mid-corner condition.

The shaker rig toolbox results, in this
case unredacted, are shown in Figure 4.

ping ratio of 1.17 in the low speed,

which was to control the cross pitch mode.
Sometimes, this i just the way the cards

fall to achieve the outcome you are after.

Lap time validation
The final validation was to run this through
lap time simulation, and the results are
shown in Figure 7.

The baseline with the dampers set to
that of the baseline ChassisSim model
are coloured, while the new damper
specifications, as per run seven, are in black.



http://www.racecar-engineering.com/
http://www.racecar-engineering.com/

Fig 4: Shaker rig run log
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Fig 5: Final front damper curve ‘The traces of note are the front and rear
= C e pitch (average of the left and right damper
[ L | bt movement of the front and rear respectively)
= &7 Eorcd ——T— and the front and rear ride height. But
s | s, 010 o cdillati
H e by note the reduction i oscillation of the
L e pitches and ride heights. This gives you a
& ! much more stable platform to lean on.
| ] R [0 ot oo
-} 1 — While this is a considerable improvement,
it's still not a night and day situation.
® @ m m 2w m  we Rebound Reason being the front tyre doesn't have
Velochs oy L5hutes | 15000 enough spring rate. So, while we did an
W | | m | = | w | = | @ ] e effective job of improving the damper
w2 | e | aw | e | we | we | ue o [B movement, it didn't translate completely
o | veee | veen | avea | amo [ aveo | eso to the ride heights. This situation was also

present at the rear, albeit slightly better

Fig 6: Final rear damper curve because of the higher tyre spring rate.
S Consequently, while there are gains to

e o .
- it be had, if you are running on marshmallow
66 - _— er Force v oot [1 tyres, your hands are very much tied.
g i Hopefully, this has shown, numerically,
% W how to deal with porpoising and aero-
e [ how to deal with porpoising and
§ e induced pitch oscillations on a high-
2 amd = e [ downforce racecar. Using a combination
of hand calculations and simulations we

were able to make considerable progress
toward negating the porpoising effect, but
weren't able to alleviate it entirely due to the
low tyre spring rates. Some improvement

is better than none though, right?

W
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Sean Kim has been announced
as the new President of
Hyundai Motorsport GmbH
with immediate effect, based
at the company’s Alzenau
headquarters. Kim replaces
Scott Noh who has returned
to Korea after four years at
the helm. Kim will manage the
fsi inthe

Minardi in new FIA role

Gian Carlo Minardi, the former
grand prix team owner who has
recently taken over as head of the
Imola circut, has been confirmed
asthe new president of the FIA
Single-Seater Commission. The
Italian has also been president of the

World Rally Championship,
the ETCR and its customer
racing programme.

Riedel Communications has
been named as the official
supplier of motorsports
communications for the

FIA. The partnership is the
culmination of a two-decade
relationship between the
organisations. Riedel will
supply the FIA with hardware
and software technologies to
take safety, sustainability and
innovation across all global FIA
championship series to the next
level, says an FIA press release.

Tag Heuer has renewed its
partnership with IndyCar
and the Indianapolis Motor
Speedway. The manufacturer
began its association with
IndyCar in 2014 and will this
year produce a special edition
watch for the winning driver
and chief mechanic of the Indy
500, and the series champion,
atthe end of the season.

The ACO has confirmed The
Stranglers as the headline

actat the 24 Hours of Le Mans
in June. Pate Doherty
top the bill on the Thursday.

Swiss company, Bcomp,
will supply its natural fibre
technologies to HWA AG,
development partner of
Mercedes-AMG, for the new
front bumpers on the Mercedes-
AMG GT4 cars. These will be
phased in during May to replace
existing carbon fibre panels.

Spanish brand, Cupra Racing,
is the first manufacturer to
commit to the eTCR series
under the FIA banner this

year. The company has formed
apartnership with Mattias
Ekstrom’s EKS team, which
won the championship last year
under its previous guise as PURE
ETCR, ready for competition

in the new series using the
'500kW (670bhp) Cupra eRacer.
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lub d'talia Land Speed
Records Commission since 2004.

FIA president, Mohammed ben
Sulayem, said of the appointment:
‘Iwarmly welcome the election of
Gian Carlo Minardi as FIA Single-
Seater Commission president. He
is amajor figure in motorsport

and I look forward to working

him to further develop the single-

seater pyramid around the world!
That'pyramidstarts with Formula 4

and escalates through Formula 3, 2

andinto F1, but high costs to compete

have led to other, more cost-effective
series starting up with the aim of
providing young drivers with a place
tohone their racing skills.

Both Formula 3 and Formula 2 are
dominated by chassis manufacturer
Dallara, while Formula 1 sees the
Italian constructor supply only the
Haas team. Itis hoped that more
diversification in the development
process will be forthcoming

over the next five years.

Minardi started out as a
competitor in the late 1960s before
he switched to team management
in Formula ltalia. He eventually took
his Formula 2 team into Formula 1
in 1985 where an engine supply
partnership with Ferrari followed,

Minardi was acquired by
Paul Stoddartin 2001 before it
became Scuderia Toro Roso and,
since 2020, has been known as
Alpha Tauri. The team continues
to be based in Faenza, Italy.

Canadian E-Fest postponed

E
take place in Vancouver, Canada in
July, has been postponed for a year.
A cryptic statement appeared on

the Canadian E-Fest

until 2023, The City of Vancouver fully
supports the postponement. Delivery
of aworld-class event is of the utmost

the Formula E g that

apermitto host the weekend, which
was also supposed to feature a
music festival and business forum.
‘The decision to postpone the
weekend means there s a six-week

after ith the City
of Vancouver, 0SS Group has had to
make the incredibly difficult decision

toatechnicality in filing paperwork
that meant the series did not receive

gapinthe stretch
from the Jakarta E-Prix on 4 June to
arace in New York on 16-17 July.

Sam Bloxham
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The Italian constructor, Romeo
Ferraris, has also committed
to the FIA eTCR series with

its version of the Alfa Romeo
Giulia ETCR. The team, based
in Opera, Italy, finished second
in the 2021 manufacturers’
classification. The series

starts at Pau on 6-8 May.

The FIA World Endurance
Championship has launched its
version of a behind the scenes
television production, called
WEC full access. The 2022 season
features six races, and each

will be streamed on YouTube

in four episodes, making 24

in total. New epi i

British F4 switches to
Hiperflo sustainable fuel

‘The ROKIT F4 British Ct

20 per

will adopt Carless'sustainable racing
fuel as part of a new partnership.
between the two brands. The

move to sustainable fuel aligns

comprising 15 per cent second-
generation ethanol and five per cent
renewable hydrocarbons, This s said
togive up to an 18 per cent reduction

with Motorsport UK's
Strategy, which outlines the
organisation’s commitment to
tackling climate change and targeting
anet-zero carbon footprint.

The series will mandate the use

ing
compared to current pump fuel.

As well as helping to reduce the
championships carbon footprint,
the mandating of fuels also helps
feed into the series'equalisation
pre ime, led by

new era with the Tatuus chassis and
Abarth engine, we are proud to be
supporting the championship with
the introduction of a sustainable
racing fuel; says Adrian Stuart,sales
executive performance fuels UK

at Carless.'As the world moves to
de-carbonise the transportation
sector, the introduction of Hiperflo
R20is an important step toward
significantly reducing greenhouse

of Carless'Hiperflo
fuel across ll of the category’s
new-for-2022 Tatuus T-421 cars for
athree-year period, starting this
season. The f total of

team and Neil Brown Engineering,

. We believe that, along
with d

to ensure parity of performance
across all competitors.
s th headsintoa

BMW M4 GT4 TESTED AT THE 'RING

sustainable fuel plays an integral
partin this movement for road,
as well as motorsport, vehicles!

be available every Friday on
the WEC YouTube channel.

Falken Tyres has developed a
novel method of monitoring
tyre wear. The ‘Miniature Energy
Harvester’ has been developed
in conjunction with professor
Hiroshi Tani of the Kansai
University in Japan. It uses the
rotation of the tyre to generate
electricity and supply power

to peripheral sensors installed
in the tyre without relying on
batteries. The technology allows
the calculation of a tyre's contact
patch and wheel rotations,

and harvests stress levels

based on amplitude changes
induced by tyre rotation.

Pointless press release of the
year award goes to Porsche,
Which confirmed the next
Rennsport Reunion will take
placein 2023, butitis unable to
confirm a date, time or location.

BMW' new M4 GT4 had itsfrst race in the Nordschleife Endurance Series (NLS) at the end of April, winning the SP dlass. During the car’s development phase, the focus was on ease of use for
both teams and mechanics, so the complete drivetrain, including engine, seven-speed transmission and electronics, are alltaken from the roadgoing M4 for this entry-level GT contender
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Interview — Andreas Roos

M-people

BMW has an ambitious motorsport programme on the go, with the M4 GT3 and an
LMDh Prototype project as highlights. Motorsport director, Andreas Roos, sat down with

Racecar Engineering to discuss the future
BY ANDREW COTTON

his is a big year for
BMW M, one in which it
will compete for overall

wins at the biggest GT3 races
in the world, including the
Niirburgring and Spa 24-hour
races, while it will also continue
the development of its Le Mans
Prototype programme with a
view to it making its race debut
at Daytonain January.

Thisis also the 50th anniversary
of the M brand, one that will be
celebrated with the launch of
new models, including the M3
Touring, M2 and X M, the four-
wheel drive model. Celebrations
will focus around the Nirburgring
24-hours at the end of May, with a
huge effort to try to win the race
for the first time since 2020, when
the brand won the shortened
race with its M6 GT3,

Endurance colours
The two programmes, GT3 and
LMDh, nail BMW's colours firmly
to the endurance racing post,
having withdrawn from the
all-electric Formula E series and
having cancelled its hydrogen
Le Mans programme that, for a
long time, looked to be part of its
Prototype racing future.

For Andreas Roos, formerly
with Audi Sport in WRX, the
DTM and as project manager
of factory racing, and who in
February became head of BMW M
Motorsport, the brand now has an
ideal platform to support BMW's
production car strategy with its
racing programme, although
there are some challenges ahead.

The LMDh project, a Le Mans
Prototype based on a chassis
developed by Dallara, and which
will feature a spec hybrid system,
is running later in its development
cycle than rivals Porsche, simply
because the decision to race in
the US was taken later than most
of ts competitors
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The DTM adopted GT3 regulations for

the short term, and the series allows [ | 1
‘manufacturers to competein a sprint
format with asingle dri

s

Moto
PrEpor:

The company will share

‘Itis a tough challenge, we cannot say anything evelopment ofthe chssiswith

Cadillac, which will continue to

else. We are still on target, but it will be an usethe Dallarachassis s  bass
. . , for its own Prototype.
intensive [development] time’ While Cadillac has committed

tothe WEC, BMW has yet to do
50,and right now has not even
committed to racing at Le Mans
The Nirburgring 24 hours clebrates in 2023. It has, however,
its golden anniversaryin May, as does confirmed a US Prototype racing
BMWS M brand. The combined events programme with the Rahal
arelikelytoinvolve quitea ot of beer Letterman team for next season.
The caris expected to hit the
track in the first half of 2022,
ready for competition at the 24
Hours of Daytona in January.

Aggressive schedule
“We took the decision quite late
for the LMDh programme; admits
Roos. Itis a tight time schedule,
really aggressive, but we are on
schedule 50, as long s nothing
goes wrong, it will all work out.
‘Itis a tough challenge, we
cannot say anything else. We are
still on target, but it will be an
intensive [development] time!
One of the key elements to the
new class will be that the LMH
cars - ground-up designed, four-
wheel-drive hybrids from the likes
of Peugeot, Toyota and Ferrari
- will also be allowed to race in
the US following an agreement
between the organising bodies
on either side of the Atlantic.
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The organisers believe they
are on top of the performance
balancing, but Roos isn't alone

in feeling that balancing the
different concepts won't be easy.

‘BoP is always a challenge, but
the biggest thing s with the LMH
cars, especially when you play in
such a high league, everyone is
pushing; says the German. ‘There
is an open discussion between
IMSA and the ACO, and with the
FIA. It will be a challenge, but at
the end we have to get it to work

“The problem in the WEC is that
everyone will focus on Le Mans,
and so the races up to Le Mans
will be especially tricky. That is the
one that you want to win.

“But for us, the first race at
Daytona s one of the most
important. And then there is
Sebring, 50 those frst two are the
biggest ones [for us]!

po .
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‘Ihave to say that the
convergence meetings between
LMH and LMDh, they are based
on facts; says Roos. It is not

easy because [performance] is
also track dependent. On some
tracks the LMH car might have

an advantage over the LMDh car
because they are two different
types of concept.

“The discussions we had on
convergence, both parties could
bring their facts to the table, and
the FIA, IMSA and the ACO looked
at them, and then we tried to
agree on something.

“From the facts we could see, it
should be okay-ish. It i difficult
tosay, though, as you don't know
the others'cars.

“[Right now] we are all in
simulations and trying to find out
‘what advantages the others could
bring, but we will see when the
cars are on track.Its certainly not

The organising bodies have
agreed the basic parameters

for the two different Prototype
concepts, and the manufacturers
are working together to ensure
they can all race against each
other fairly. Although, of course,
they willall be hoping to retain a
competitive advantage for their
concept, and their brand.

going to be
The regulations have now
been released, and particular
attention paid to the bodywork.
Specifically, the amount it
can flex. With that specified, it
seems that one of the potential
loopholes has been closed, and
Roos believes this was because
of the previous experience of the
FIAand the ACO at Le Mans.

‘The problem in the WECis that everyone
will focus on Le Mans. .. But for us, the
first race at Daytona is one of the most

important. And then there is Sebring’

‘We all know flexible aero
devices are not allowed. We all
know they will be checked and
weall know the ACO and the

FIA have a lot of experience with
such things from the LMP1 days;
he says with a smile. You see
italready when you follow the
development of the regulations
of LMP1. There were more
specified items to show what the
car should look like!

Common development
Roos was involved in the
planning for the DTM, when
Audi, M d d BMW each

gearbox for the LMDh cars and
each of them are pushing hard to
get everything ready in time for
the start of IMSA's season.

Manufacturers are sharing
components to put development
miles on them so the common
parts are ready when needed.

I have to say | was involved in
the meetings about LMDh with
my former company, and it was
really interesting how well the
LMDh partners were working
together, all of them, including
the hybrid partners; notes Roos.

‘Itis really working very well at

developed a part of what became
acommon car platform, and

says the feeling is similar with

the LMDh development. It's a
sentiment that was echoed by
IMSA at the 12 Hours of Sebring
in March, Williams Advanced
Engineering provides the battery,
Bosch the MGU and Xtrac the

oment, and has the
focus to get everything on track.
“For sure, latest at Daytona,
everyone willfight for themselves
1 don't think the gloves will come
off before that though. It's a very
open discussion at the moment,
we even help each other when
parts are missing, and that s nice.
Weall have the same approach
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Daytona, for GT3 cars,
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‘Ihad a bit of a similar feeling
when I did the DTM at the start
because when you develop
common parts, you have the
same goal. You have to get

the common parts ready and
working, but at some point you
separate and do your own thing!

Shifting sands
In GT3 world, the sands are
shifting in favour of the
manufacturers. The regulation set
is now being used by all SRO series,
Stéphane Ratel having created
the category and developed
it, but it has been more widely
distributed by the FIA which
always owned the rule-set. Now,
itis used in the DTM series as
factory sprint racing, and in 2024
it will be introduced to the 24
Hours of Le Mans, replacing GTE.
GTE ground to a halt this year
in IMSA, and in the WEC it has
continued for one final swansong
but, as all the manufacturers
competing have a GT3 alternative,
the decision’s been made to do so.

I BUSINESS - PEOPLE

Manufacturers are committed
to keeping the LMDh platform as
the place for their factory racing
programmes, and those with

an LMDh car are keen the GT3
class be for pro-am drivers only.
However, those that don't have
a Prototype are still pressing for
factory teams to be involved.

“Itis good that you can run a
full factory LMDh and a customer
racing GT3, so for usitis nice
to have a pro category, but itis
notan issue, says Roos. BMW
customer racing is a big topic, so
there must also be an option to
run a pro-am. | can understand
that the ACO wants to split t, so
you have the pros in LMDh and
the amateurs in GT3. | think that it
is more up to the manufacturers
that are not competing in LMDh,
because they will push more for
GT3. I thinkit is okay that there is
an amateur class for GT3."

But the ly in the ointment
is the Ford Mustang built by
Multimatic and scheduled for
introduction in 2024. The car has

‘If you look at the strategy for BMW,

itis going down the road of battery

electric cars, so this is where we also
have to follow with motorsport’
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proved controversial as itis not
considered a prestige brand by
some, worthy of competition
against the likes of Porsche,
Lamborghini or Ferrari

According to Ratel, the
Mustang opens the door to any
manufacturer that currently
produces a two-door coupé to
create a GT3 derivative, and that
would water down the entire
class. Roos, however, disagrees.

“We don't know how the new
Ford will look. Itis a brand new
car, soitis difficult to judge. We
have to be open and see the
information from Ford and see if
itfits [the GT3 rule set]. Everyone
knows what the Ford Mustang
looks like at the moment but they
will bring a new car and we will
seeifitrisesin the segment toa
higher level.

“You also have to look at the
Corvette, as the base model does
not meet the price cap. They are a
brand like everyone else!

With LMDh and GT3 seemingly
fixed in endurance racing, and
with the ACO pressing ahead
with its hydrogen class at Le
Mans in 2025, it was some
surprise to learn that BMW
would not be part of it. Roos's

says that's not an option for the
company’s racing department.
“At the moment we are not
investigating that. If you look
atthe strategy for BMW, itis
going down the road of battery
electric cars, so this is where
we also have to follow with
motorsport because what you do
in motorsport has to reflect what
you are selling.
‘We are doing a marketing

Jens Marquardt,
was a firm advocate of hydrogen
racing and had a Prototype
designed, but right now Roos

thing. thas to do
something to show where the
brand leads. No one knows
where it goes in the future! G

[ WM

BMW's LMDh car will feature a Dallara chassis and spec hybrid system,

combined
the brand, me:

ith an Xtrac gearbox. The engine and aero

uniqueto

engine architecture can follow the corporate path,

while Balance of Performance will eliminate any disadvantage
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iterated that this s not the
case. Audi has a history of unlikely stories being true, so let’s
take the statement at face value.

Agressive actions

Let's start with the postponement of the LMDh project. The
spine of the car, and engine, was to be shared with Porsche,
whose test . The i h: i}

Formula 1’s battery
technology...is superior
to that of Formula E

package is another half million on top. One might be able
to justify that cost as a Porsche, but as an Audi?

Formula E champions electric racing, and Audiis
certainly an advocate for electric cars, so why withdraw
from the battery-centric series? One observer noted that
Formula 1's battery technology, thanks in part to the series’
incredible budgets, is superior to that of Formula € so it
makes more sense to put the effort there.

And here | believe we start to get to the root of Audi's
thinking. It has turned its back on LMDh, with a spec hybrid
and battery system, and it has turned its back on Formula
E, with a spec battery. I their place, it has tumed to Dakar,
where it can develop its own technology, and is looking at
Formula 1 for the same reason. Itis also rumoured that the
company islooking for a further project for the e-tron GT.
The mind boggles.

There s no racing platform
for the e-tron GT, not even
electric GT would cater for such
avehicle, butin Audis new way
of thinking it makes sense to
create something for such a car.

Likewise, the Mission E from
Porscheis also looking fora
place to race (and budget to
develop). It wouldn't surprise
me atallif, some time i the future, Audi produces a render
of an electric GT racecar, in the same way Porsche showed
offits Mission E conceptin 2021.

Sister act

Whats certain s the two sster entities are looking for

confirmed Porsche's schedule i hard to keep up with and
perhaps Audi would not have been ready in time. However,
it took delivery of two chassis and the engine, suspension,
gearbox and hybrid systems that are exactly the same as
those Porsche s already testing on track for them.

Perhaps the VW Group, having lost production car sales
for various reasons, including the war in Ukraine, cannot see
any point in having two brands race each other at Le Mans
with essentially the same car. Hard to argue that one (the

with the 919 and y because
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they had different drivetrain concepts, one diesel with
flywheel energy storage, the other petrol with a battery).
Another theory is that Porsche has gone so aggressive
onits design and supply chain in its bid to win Le Mans with
an LMDh base that even Audi couldn't make a business
case out of using the same car. The Porsche apparently
costsin the region of €2.9 million (approx. $3.15m) per
car, including the engine and a set of wheels. The spares

ing where they can develop their own
technology, but on the cheap. Therefore, they are both
looking at Formula 1. Porsche would produce the engine
following a tie in with Red Bull Advances Technologies,
while Audi would develop the hybrid system. The rumoured
links to McLaren also make sense as Audi does not have a
successor to the R, Yet, as a sister brand to Lamborgh
and Porsche, arguably it islooking at the wrong end of the
market, but that’s another topic.

There is one further question. When Porsche and Audi
went into the WEC, Peter Wright wrote of their battle
for development supremacy. Porsche won the battery
development project. But if they are looking to tie in
together in F1, Audi would develop the battery hybrid,
yet Porsche has partnered with electric vehicle specialists
Rimac. That's a topic for another column, but with the VW
Group's F1 decision coming soon, it seems to make sense.

AANDREW COTTON Editor
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