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“Often there is little 
time between sessions 
for meaningful video/
data analysis.

I credit the speed to 
validate and accurately 
define areas for time 
gain with VBOX and 
Circuit Tools software to 
be a major part of many 
Poles and Race Wins.”

Jason Hart 
Racing Driver and Coach

vboxmotorsport.co.uk
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EDITOR’S NOTE
It has been a stressful 18 months for everyone, and the 
motorsport community didn’t escape as teams, suppliers 
and constructors were forced to shift from the uncertainty 
of lockdowns and near total suspension of racing to 
compressed seasons and hectic, ever-changing schedules. 

However, at Le Mans this year – my fi rst race trackside 
since early 2020 – a return to something closer to 
normality was underway. Being able to see and chat with 
familiar faces in the paddock was a revelation after months 
of pixelated virtual meetings; it is always easier to gauge 
the mood of the industry in person. As for my joy at hearing 
racing engines in the fl esh once more… it knew no bounds.

The pandemic also coincided with one of those periods 
where multiple, unconnected series manage to synchronize 
their rules cycles. For some, the global health situation saw 
planned changes put on hold; others were able to progress 
regardless. In the case of the WEC, 2021 gave a glimpse 
of the variety that its new Le Mans Hypercar (LMH) class 
promises to provide, boosted by the equivalence agreement 
between IMSA and the FIA/ACO, which has opened the 
door for LMDh manufacturers to compete. The result is a 
tantalizing prospect of up to 10 manufacturers chasing top 
honors at Le Mans in 2023.

The fact that LMH now runs to a BoP formula seems 
at odds with its position as the pinnacle of sportscar 
competition, but this was the price that had to be paid to 
tempt manufacturers back to endurance racing – and at 
least technical diversity is still allowed. 

NASCAR, meanwhile, deferred the introduction of its 
Next Gen car – the biggest rules shake-up in decades – 
to 2022. The delay was welcomed by many and gave 
the organizers, manufacturers and teams the breathing 
space needed to refi ne what is a wholesale reset of their 
sport. With Formula 1, the WRC and a host of other series 
progressing with rules revamps over the next couple of 
years, motor racing is moving with the times and, despite 
the pandemic, seems to be in sound health. 

Lawrence Butcher
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Hypercar 
        pioneer

Left as the last manufacturer standing in the LMP1 
class of the WEC, Toyota was first out of the blocks 
with a new car for the Hypercar rule set, with its 
reward a dominant victory at the Le Mans 24 Hours 
WORDS BY LAWRENCE BUTCHER
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 Having soldiered on as the 
lone manufacturer in LMP1, 
following the departure of 

Audi and finally Porsche in 2017, Toyota 
was the first OEM to sign up to the new 
Balance of Performance-based (BoP) 
Hypercar rule package when it was 
announced in 2019. However, getting  
a head start was not necessarily the 
advantage it may first seem. As the 
machinations of rule makers flickered 
back and forth, early decisions taken  
on long lead parts could not be easily 
altered to better suit new rules, and  
it wasn’t able to fully exploit the  
finished regulation package. 

Following the TS family of LMP1’s 
almost decade of development, Toyota 
evidently wanted to maintain the lineage, 
and at first glance the family similarity 
between the previous model and the 
GR010 is clear. The basic architecture  
of the car carries much over from its 
forebear: a mid-mounted, 520kW 
(698bhp), 3.5-liter twin-turbocharged  
V6 – in 2021 Le Mans trim – sits behind 
the driver, while a 200kW (268bhp) 
hybrid motor equips the front axle. The 
Hypercar rules permit only a single MGU 
rather than the two allowed in LMP1, and 
total power output is capped at 520kW.

Despite fuel supply 
issues, Toyota 
dominated the  
first Le Mans of  
the Hypercar era 
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The demands of the rules have subtly 
altered the car’s proportions compared 
with the TS line. For example, the tub  
is longer due to a stipulation that the 
battery must now be housed behind the 
driver (the TS050’s was placed in the 
passenger compartment), and notably 
the overall vehicle weight is also some 
162kg heavier, at 1,040kg.  

Chopping and changing
John Litjens, project leader for Hypercar 
at Toyota Gazoo Racing (TGR), explains 
that one of the greatest challenges 
faced while developing the car was 
adapting to the evolving rule set. “The 
biggest impact was from the relatively 
late minimum weight changes,” says 
Litjens, as initially, the minimum weight 
for LMH was set at 1,100kg. “When you 
have a high minimum weight, you want 
to spend weight for reliability, much 
more than we did with the LMP1. You 
design the car to take some ballast, but 
when you suddenly have the weight 
reduced by 60kg, that ballast you 
planned is all gone.” 

It might be assumed that as TGR  
was able to build an LMP1 car with  
two hybrid systems and a large battery 
down to a weight of 875kg, finding 
last-minute savings in the LMH would 
be straightforward. However, as Litjens 
points out, the rules set minimum 
weights for parts such as the tub, 
engine, gearbox and other systems.  
“I think if we had known from the start  
it would be 1,040kg for the hybrid cars,  
it would have been relatively easy. For 
example, with the engine, if you think  
it can be a bit more reliable by going  
a little over the minimum weight, you 
take advantage of that because you 
have the overall weight to spend. If that 

Above: Despite  
the rules limiting 
hybrid deployment 
to speeds of over 
150km/h in the  
wet, there was a 
clear advantage  
to be had over 
non-hybrids, 
particularly on a 
drying track after 
teams had switched 
back over to slicks  
Left: Debris in the 
fuel tanks meant 
Toyota’s drivers 
had to enact a 
tricky workaround 
involving manually 
cycling their fuel 
pumps on and off 
through corners

weight is suddenly not available, but the 
designs are kicked off on a long lead 
time item, it is too late to change.”

The same consideration applied to 
providing leeway to ballast the car’s 
weight distribution, ensuring it could 
work with what was still an under-
development tire from Michelin. “If you 
have 50-60kg to play with, you can do 
quite a lot,” muses Litjens. “If you have 
nothing, then you are stuffed.” 

Certain regulation requirements have 
also contributed to the extra mass, 
beyond the stipulated minimums. For 
example, the longer monocoque and 
battery positioning meant the GR010 
inherently incorporates more material 
than the LMP1 version. Toyota also took 
advantage of the increased overall 
weight to make the tub more resilient. 
“For example, with the suspension 
mounting points, where in the past  
we had a certain safety factor built in, 
we have increased that,” says Litjens. 

“PULLQUOTE”
NAME, JOB TITLE
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The desire for extra robustness was 
not solely related to track conditions, 
but also to the changing nature of the 
racing Toyota expected to encounter. 
“With the BoP you will have tighter 
fights [than in LMP1] and there might  
be more chance for contact, and you 
want to be prepared for that,” he 
suggests. Given the evidence on the 
first lap of this year’s 24-hour race, 
where the #8 Toyota took a solid hit to 
the rear from the #708 Glickenhaus, and 
survived, this approach was vindicated. 

Another significant difference 
between the Hypercar and old LMP1  
is the suspension design, with the 
regulations now outlawing the use of 
tools such as inerters and interlinked 
suspension systems – both of which 
featured on the TS050. “It really is back 
to basics,” says Litjens. 

Despite having fewer tools in the  
box to control the chassis, and with it 
the aero platform, Litjens points out  

that greater allowances in other areas  
of the rules mean this is far from an 
insurmountable problem. Specifically, 
greater aerodynamic freedom has 
reduced the need to compromise the 
suspension geometry to accommodate 
aero performance features.  

“Of course, you still want to keep  
the platform as stable as possible, but  
you do have a bit more freedom to play 
with the kinematics of the suspension.  
If a suspension leg ends up disturbing  
the aero a bit, you have freedom to 
compensate for it in other areas to stay 
in the FIA [performance] window,” 
outlines Litjens.  
 
Aero freedom
Hypercars are limited to a single 
bodywork specification across the 
season, including Le Mans, where 
previously teams would run a specific 
low-drag aero kit. As a result Toyota’s 
aerodynamicists have had to make 

Inset: The number 8 
Toyota was the first 
to run into issues at 
Le Mans, and what 
has historically 
been the luckier 
side of the garage 
had to settle for 
second place 
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compromises that were not required in 
the past, to ensure the package worked 
across as wide a range of conditions as 
possible. Describing its approach to the 
aero, Litjens says, “You stick with a base 
that you know, especially as we are only 
allowed one adjustable device, and still 
have to go to different circuits, from Le 
Mans to Portimão.” 

When asked whether Toyota ever 
thought about going for a wingless 
design similar to that shown off by 
Peugeot on its 9X8, Litjens notes that 
the approach was never discussed.  
“We felt it [a rear wing] was the easiest 
route to take and didn’t even think 
about getting rid of it.” 

For the BoP process, the GR010 had 
to be tested by the FIA at Sauber’s 
wind tunnel in Hinwil, Switzerland. 
Toyota did the majority of its aero 
development in the TMG (Toyota 
Motorsport Group) tunnels using a 
scale model, with final validation at full 

Cost controls

›One of the main drivers of the Hypercar rules was cost 
reduction for manufacturers. With Audi and Porsche 

spending well into the US$100m bracket in LMP1, it was 
agreed that they had to be rationalized, with a season 
target of around US$30m annual running costs suggested 
at the start of the Hypercar program.  

From a car construction perspective, Toyota’s Litjens 
was happy the regulation changes had the desired effect. 
For example, while the banning of inerters made life 
trickier from a chassis and aerodynamics perspective, it 
presented a useful saving. “You have to live with it. They 
are not cheap, but then they are not massively expensive. 
But if you look at the number of sets you need, then think 
about it over the five years the cars are homologated – it  
is a useful saving.” 

The transmission was another case in point where 
considerable cost was saved. With a minimum weight set  
in the rules and the removal of a need to push every 
element to the maximum, Toyota was able to rationalize  
its design, for example, through the use of a traditionally 
cast aluminum casing and bell housing, rather than the 
carbon bell housing and thin-wall cast casing of the LMP1. 
Combined with other savings, the result was that, according 
to Litjens, it cost “half the price”. 

“There is no one area where you can say, ‘We saved 
massive costs’. It is the result of savings across lots of 
areas,” notes Litjens. This element, coupled with BoP and 
tight homologation rules – only five updates of individual 
areas across the five-year homologation period are allowed 
– means building and running a Hypercar, while not cheap, 
is a lot more cost-effective than LMP1. 
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scale. However, the use of a different 
tunnel for BoP had the potential to 
cause issues if Toyota’s own results 
diverged from those of the FIA. 

“Luckily, we were not too far out, 
because you only have one day [for  
the FIA sign-off]. If you turn up and are 
completely outside the window, you will 
struggle. We made sure we had some 
options available to tune things if we 
needed and were okay,” says Litjens. 

The regulations set an aerodynamic 
efficiency target of around 1:4 L/D, 
although this was upped slightly in a 
late revision to the rules. To assess each 
Hypercar design, they are run at Sauber 
across a wide range of ride heights, 
airspeeds and yaw angles to create a 
comprehensive aero map. Once a car is 
passed, the FIA conducts a 3D scan of 
the bodywork to create a reference set 
of CAD data. At any point in the season, 
the FIA can seize a car and rescan it to 
check it remains in compliance with its 
original homologation. 

Powertrain simplification 
Toyota has retained the same 3.5-liter, 
twin-turbocharged V6 engine layout it 
used in the TS050 for the GR010, but, 
says Litjens, it is an all-new design, 
which more closely represents the 
company’s road car offerings. Without 
the need to hit stringent fuel usage 
targets, there was less pressure to 
focus on outright efficiency. Similarly, 
the inclusion of a minimum engine 
weight of 165kg and CoG of 220mm 
lowered the emphasis on reducing  
the mass of every part. 

Initially, the Hypercar regulations also 
defined minimum weights for the hybrid 
system, and as such, Toyota worked to 
these. It also kept a close eye on costs, 
with Litjens stating that the battery 
technology, for example, is now much 
more closely related to that found in  
the road cars. 

However, in one of many regulatory 
about-faces, the minimum weight 
requirement for the hybrid was removed 
– the only limitations being a maximum 
RPM of 25,000 and a minimum laminate 
thickness of 0.1mm – but Toyota was 
already committed to the weight-
constrained design and could not 
further optimize its solution. 

On the TS050, Toyota worked with 
separate suppliers on its hybrid motors, 
Aisin providing the front unit and Denso 
the rear. In an interesting move, the new 
car’s hybrid (by regulation it only has  

a front motor) is now a collaborative  
effort between the two companies. 

The management of the hybrid 
system’s contribution to the total 
vehicle power needs handling in a 
different way to that of the previous 
LMP1 class. In Hypercar, the total 
output (IC engine and MGU) is fixed  
at 520kW. It was initially due to be only 
500kW for Le Mans, but this was 
revised following the opening races  
of 2021 in order to increase the gap  
to the LMP2 class. 

As to whether or not the energy 
management knowledge gained in 
LMP1 was relevant to the new hybrids, 
Litjens says, “It’s 50:50. Energy 
management, state of charge of the 
battery and how it reacts under load 
are the same. But what is different is 
that before, you had your combustion 
power and then, when you needed 
more, the hybrid on top, which made  
it easier for the drivers to overtake. 

“Now, you have the maximum power 
and it doesn’t matter whether you are 
taking 400kW from the engine and 
120kW from the hybrid, or any other 
combination of inputs, so the controls 
there are quite different [compared with 
the LMP1 hybrids].”

Tech spec
TOYOTA GR010 HYPERCAR

DIMENSIONS: 4,900 x 2,000 x 1,150mm

ENGINE: 3.5-liter, V6, twin-turbocharged, 
direct injection

HYBRID: 200kW front MGU, lithium-ion 
battery

TRANSMISSION: 7-speed sequential  
with transverse cluster

FUEL TANK: 90 liters

SUSPENSION: Double wishbone front and  
rear, torsion springs, pushrod actuated

BRAKES: Carbon-carbon

WEIGHT: 1,040kg

Right: Systems   
such as inerters  
and interlinked 
suspension are now 
banned in Hypercar
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That’s not to say that deployment 
strategy becomes irrelevant. Litjens 
points out that the contribution of the 
hybrid motor provides an instant 
torque addition, which is particularly 
beneficial on corner exit. He also 
highlights that the IC element of the 
powertrain must always be capable of 
producing the maximum output “in 
case you end up in a situation where 
you have run out of hybrid power”. 

The upshot of the new rules is that 
the upper bound on power output must 
be tightly respected, as must the 
homologated power curve. With torque 
sensors mandated on all driven axles, 
the FIA is able to monitor performance 
in real time and the tolerance provided 
is narrow. Incidents such as skipping 
over a harsh curb could easily cause 
an unforeseen torque spike, placing the 
team in line for a penalty. 

“In the past it was not really an issue, 
except for reliability. But now, for sure, 
you need to be very careful, and have  
to spend some effort on those controls,” 
says Litjens. Of course, racing being 
what it is, the margins are there to be 
pushed and he readily admits that any 
safety margin needs to be as small as 
possible to be competitive. 

Development hurdles 
The first GR010 prototype ran on its 
maiden test in October 2020. Toyota’s 
target for any new car pre-Le Mans is  
to complete at least four 32- to 36-hour 
endurance tests. Covid-related travel 
restrictions made achieving this tricky, 
compounded by snowfall at a session  
in Portimão, necessitating scheduling an 
extra test. Conscious that its Le Mans 
ambitions had been scuppered in the 
past by issues that could have been 
worked around (such as its ECU failsafe 
shutting down the motor on Nakajima’s 
car in 2016 when it could have run back 
to the pits), Litjens notes, “It is not just 
pure development testing, but also 
working on the ‘what ifs’. We have 
learned over the years to focus on 
reliability but also have systems ready  
to react if something fails.”

So how does a team win in a BoP 
class? In Litjens’ opinion, a competitive 
advantage is found in being able to  
hit the upper end of the performance 
window across all conditions. “You have 
to be consistent – the car, the drivers, in 
all conditions. You can have a car that is 
perfect aerodynamically in free air, but if 
you end up in traffic, you also need to 
be as stable as possible.”

This consistency is achieved in 
many ways that go beyond the pure 

mechanical design of the car. For 
example, he points out that if particular 
surfaces prove to be susceptible to 
debris pickup over the course of a race, 
this can damage aero performance and 
must be mitigated. 

Toyota clearly had good pace at  
Le Mans, easily able to put in quicker 
lap times than its competition when 
needed. Although the 1-2 result in  
the race may not suggest it, all was  
not plain sailing for Toyota, with the 
second-place #8 car having a torrid 
time. Most significant among the dramas 
was a fuel pickup issue, which technical 
director Pascal Vasselon said was the 
same as one experienced at the pre-Le 
Mans Monza WEC round. That previous 
occurrence had necessitated a 
45-minute pit stop to change a fuel 
collector, but at Le Mans, the team’s 
aforementioned ‘what if’ preparations 
paid off and it was able to devise a 
workaround.  

Toyota clearly had pace to spare; its 
3 min 23.9 qualifying lap at Le Mans 
placed it well clear of the competition. 
However, with the arrival of Peugeot 
and Ferrari in Hypercar and a pack of 
manufacturer-backed LMDh (Le Mans 
Daytona h), BoP or not, it may need all 
that speed and more as sportscar 
racing enters its new golden era. <

Left: Denso 
provided the rear 
MGU for the TS050 
and Aisin the front. 
The two companies 
worked together on 
the GR010’s single 
front unit
Below: The basic 
layout of the TS050 
engine shown here 
was carried over to 
the GR010, but the 
car features an 
all-new design

Right: The Hypercar 
rules enable far 
greater aero 
freedom than LMP1
Below: Post-race 
grime hints at the 
flow structures 
formed around the 
GR010’s bodywork
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“WE HAVE LEARNED OVER THE YEARS TO FOCUS ON 
RELIABILITY BUT ALSO HAVE SYSTEMS READY TO 
REACT IF SOMETHING FAILS”
JOHN LITJENS, PROJECT LEADER FOR HYPERCAR, TOYOTA GAZOO RACING (TGR)
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Privateer power

Scuderia Cameron Glickenhaus exceeded expectations 
on its Le Mans debut. Although Toyota triumphed, the 
US team with an Italian-built racer impressed thanks to 
good pace and rock-solid reliability from both its entries
WORDS BY LAWRENCE BUTCHER 
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Privateer power

Though unable to 
match Toyota on 
pace, SCG almost 
had the measure of 
Alpine at Le Mans

The idea that a rookie team 
could arrive at the Le Mans 
24 Hours with an entirely 

new car and end up in contention for a 
place on the podium may seem fanciful. 
However, that is exactly what Scuderia 
Cameron Glickenhaus (SCG) did with 
its SCG 007 Hypercar. 

The eponymously named outfit is the 
brainchild of owner James Glickenhaus, 
a film producer and devout collector of 
historic endurance racing icons. His and 
the team’s journey to Le Mans began  
15 years ago with construction of the  
P4/5 by Pininfarina, a one-off, Ferrari 
Enzo-based road car created through  
a collaboration with the Italian styling 
house in 2006, with Ferrari’s blessing. 

That car morphed into the racing 
P4/5 Competizione, which competed  
at the Nürburgring 24h in 2011 and 2012, 
followed by SCG’s first cars built on a 
bespoke chassis, the SCG 003 and 004, 
both of which also raced successfully 
on the Nordschleife in the SP-X class. 

Glickenhaus has always professed  
a desire to enter Le Mans and the FIA’s 
Le Mans Hypercar (LMH) regulations 
provided him the opportunity to do just 
that and compete (albeit as an outside 
bet) for overall honors. 

Starting from scratch
Though technically a US team, SCG has 
a long-standing relationship with Italian 
outfit Podium Advanced Technologies, 
which designed and developed both the 
003 and 004 GT cars and would also 
take on responsibility for constructing 
the 007 Hypercars. D
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In a shrewd move, Glickenhaus and 
Podium recognized they did not have 
the expertise to go it alone and signed 
up a trio of high-caliber development 
partners for the Le Mans assault. 

Endurance stalwart Joest Racing, 
out of contract with Mazda in the IMSA 
DPi class, provides trackside operations; 
Sauber Group was contracted to run 
the aero program; and Pipo Moteurs 
was tasked with designing a bespoke 
engine. Despite a highly compressed 
development schedule and the plethora 
of challenges involved in building an 
all-new car, SCG made it work. 

Unlike Toyota, SCG did not have an 
existing LMP1 as a starting point for its 
Hypercar design. However, according to 
Luca Ciancetti, SCG team principal and 
head of both Podium’s motorsport and 
automotive engineering businesses,  
the biggest problem was not creating  
a chassis, but sourcing the powertrain. 

“When we started, one of the main 
issues was finding an engine, because 
in the beginning, the power level was 
much higher than what we have now,” 
he says, referencing the first Hypercar 
ruleset released in 2019, which placed 
peak power at 580kW (784bhp). 

“The reality was there was nothing 
available, which is why we decided to 
go for a new development with Pipo. 
That was one of the first decisions we 
had to make, because it is such a big 
part of the car,” he recounts.  

Podium had no existing relationship 
with the French engine builder, and the 
latter had never built an endurance race 
engine. It is better known for its rallying 
products, which have equipped the likes 
of Hyundai and M-Sport’s WRC efforts. 
Regardless, as Ciancetti explains, “They 
had the I4, which was capable of good 

Above: Other than  
a first lap collision 
with a Toyota, the 
#708 SCG ran a 
near flawless race  
to fourth place 
Left: The cylinder- 
head architecture 
of the V8 produced 
by Pipo Moteurs is 
derived from its 
WRC experience

performance and reliability, so we 
decided to do a development program 
to mirror that [design] along a common 
crank [to create a V8].” 

The resulting 3.5-liter V8 uses the 
block and cylinder head technology 
from the rally engines. Given the I4 
WRC motors produce approximately 
400bhp and cover thousands of 
kilometers between rebuilds, by 
doubling up the top end architecture 
and detuning it (considerably in the 
end) it had the makings of an ideal 
endurance engine package. 

Ciancetti has been impressed with 
the engine’s seemingly bulletproof 
reliability and notes that the synergy 
between Pipo and the SCG/Podium 
organizations was excellent thanks  
to both being “two small companies 
trying to do the best they can while 
working very hard”. 

The team opted to use Xtrac for the 
transmission supply, which was able to 

Tech spec
SCG 007 

ENGINE: 3,500cc, 90° V8, twin turbocharged

TRANSMISSION: 7-speed, transverse sequential 

SUSPENSION:xDouble wishbone, coil sprung

BRAKES: Carbon-carbon

DIMENSIONS: 4,991 x 1,224mm

WEIGHT: 1,030kg

“THE REALITY WAS THERE WAS NOTHING  
AVAILABLE, WHICH IS WHY WE DECIDED TO  
GO FOR A NEW DEVELOPMENT WITH PIPO”
LUCA CIANCETTI, TEAM PRINCIPAL, SCG
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provide an almost off-the-shelf gearbox 
solution. As with the engine package, 
says Ciancetti, reliability was the order 
of the day; however, Xtrac’s standard 
transverse LMP gearbox still had to be 
validated for use in Hypercar. “We had  
to run some extra structural checks 
because the cars are very heavy, to 
make sure the crash loads could be 
sustained by the transmission,” he says. 

The transmission is fitted with a shift 
system supplied by Mega-Line, again 
selected for its well-proven reliability.  

As was the case for Toyota, Ciancetti 
reveals that the lateness of certain rule 
changes could not be taken advantage 
of. “Some of the [key] components had 
already been released when the rules 
changed, and we did not have time or 
resources to update everything. Some 
areas of the car, for example, could be 
lighter but we are around 1,030kg. We 
would be happier if we could carry a bit 
more ballast, but the weight distribution 
of the car is the one we designed for 
and it is working quite well.” 

Styling exercise 
The SCG 007 is undeniably attractive 
(particularly when compared with the 
last crop of LMP1 machines) and James 
Glickenhaus was adamant the car had 
to measure up aesthetically. Ciancetti 
recalls, “The initial shape of the car was 
directly sketched by Jim and that was 
the starting input for the aero guys. Jim 
was adamant that he wanted a cool car, 
and the aero department was definitely 
very open-minded to keep it as close as 
possible to what he envisaged.

“Fortunately, though the requirement 
[regarding aero performance] of the 
rules is challenging, it is not quite as 
challenging as it used to be, so we were 
able to accept some styling guidelines 
as a starting point. We then had to 

Above: The SCG 007 
uses a conventional  
suspension and 
brake setup, with 
coil as opposed to 
torsion bar springs 
and carbon-carbon 
brakes supplied  
by AP Racing
Inset left: According 
to Luca Ciancetti, 
the relatively high 
weight limits meant 
several subsystems 
from the team’s GT 
cars could be used 
in the Hypercar

Carryover bonus
› According to Podium’s Ciancetti, 
testing of the SCG 007 prior to 
homologation went better than even 
the team expected it to, with only a few 
elements that needed fine-tuning 
including areas such as the gearshift. 

“The changes were mainly related  
to how we wanted to be able to use  
the car. For example, with our clutch 

supplier we ended up with a design 
that was maybe slightly lower in 
performance [than the original part] 
but was much more reliable in an 
endurance setting,” he says. 

He puts the reasonably painless  
test program down to the conservative 
performance demands of the rules, 
meaning the team could reuse, or even 
repurpose, a number of proven 
components from its GT programs.  

“The regulation set allows for many 
subsystems to use more conventional 
components,” he explains. With less 
need to focus on weight, there was no 
need to compromise to such a degree 
on system robustness. 

“For example, from an electronic 
point of view, the system we are now 
running here [at Le Mans] is very close 
to the one found on our GT car, so even 
though it is our first LMP, we could have 
some good carryover. 

“That has been very helpful because 
normally, when you get to a track with a 
car like this, electronics are one of the 
big problems, but we were okay from 
that point of view.” 
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make up our minds where we wanted to 
be in terms of other areas of the rules; 
for example, the size and volume of the 
crash structures.” 

On this last point, both the front and  
rear crash structures were built to the 
maximum dimensions permitted by the 
regulations, ostensibly so that when it 
came to crash testing sufficient margin 
of error remained to account for any 
shortcomings in the team’s finite 
element analysis (FEA) calculations. 

This and other aspects of the overall 
design philosophy were, says Ciancetti, 
all intended to reduce problems once 
parts were released for manufacture.  
“We tried to figure out a comprehensive 
pre-concept for the car and reduce the 
risk on the final product,” he explains.  

The freedom afforded by the balance 
of performance-based (BoP) Hypercar 
rules also forced Podium to revise its 
approach to the design process. 
Ciancetti says, “It is definitely a different 
philosophy because you are generally 
used to geometry constraints in the 
rules. Because this is a regulation set 
based on performance, you must move 
your mind to work with the huge design 
freedom you have in terms of shapes 
and materials, while keeping in mind 
that whatever you do must match the 
maximum performance allowed.” 

Illustrating the scope of this creative 
freedom, one of the striking elements  
of the 007’s bodywork is the rear wing, 
replete as it is with a series of strakes 
along its upper surface. The Hypercar 
rules removed the specific requirement 
for a dorsal ‘fin’ as seen on previous 
LMP1 machinery. Instead they only 
demand a set level of lateral stability  
be achieved, opening the potential for  
a more imaginative approach. Ciancetti 
remarks, “In order to [hit the targets] 
properly we had to add some vertical 
fins and looked at a number of different 
solutions; this one worked very well and 
Jim liked it a lot.” 

Competition reality 
No matter how much faith the team 
placed in the BoP process, Ciancetti  
is pragmatic about the fact that SCG 
was competing against the firepower  
of established manufacturer Toyota,  
and a well-proven car in the shape of 
the grandfathered Alpine LMP1. “If you 
want to properly manage a program like 
this, you cannot imagine that because 
the performance is balanced, it is the 
same for all teams and budgets,” he 
muses. “You have to manage your 
budget in the best way you can,  
to achieve the best results.”

This, he points out, means that areas 
not governed by the BoP constraints 
must be executed to perfection. For 
example, “Reliability becomes even 

There was also some doubt coming 
into the Le Mans race as to whether the 
team would be able to triple stint its 
Michelin tires. “We worked a lot in the 
time between the [Le Mans] test and 
now to understand the tire and there is 
quite a difference in performance as we 
move between [ambient] conditions,” 
Ciancetti says. “We have found that we 
are quite strong when the window is 
well defined; if it is very cold or very 
hot, we have a good setup. The middle 
of the window is a bit trickier for us, it is 
harder to manage the transition.” 

Fortunately for SCG, it was able to get 
on top of wear issues it had experienced 
earlier in the WEC season, particularly 
on the rears, which Ciancetti suggests 
was more due to “the way we were 
using the car rather than the product”.

Ultimately, SCG achieved what many 
thought would be impossible: excluding 
a first lap clash between the #708 and 
the #8 Toyota, both cars ran almost  
faultless races at Le Mans, albeit with 
the #709 never able to match the pace 
of its sister car. The former was even in 
contention for a podium place but in the 
end couldn’t quite match Alpine.

James Glickenhaus was upbeat about 
the car’s performance; however, he 
cautioned that even for a privateer  
of substantial means, his continued 
participation in the WEC beyond 2021 
is far from assured and hinges on both 
customer car sales and bringing more 
sponsors on board. 

With the arrival of a swathe of new 
manufacturers in Hypercar from 2022, 
Glickenhaus’s best opportunity for a 
podium at the French classic may have 
passed, but hopefully conditions will 
prove favorable for the class’s only 
privateer to remain. <

more important. You can get some help 
from the rules from a performance point 
of view, but you will never get any from 
a reliability perspective. You need a car 
that is at the right performance level, 
reliable, simple, easy to swap parts on  
if you have an issue during the race.” 

On the subject of serviceability, the 
Italian says design targets were built in 
from the start of the project, but it soon 
became apparent that other areas of 
the car needed attention once it made 
its competition debut. For example, 
based on its running pre-Le Mans, the 
team expected to experience issues 
with brake wear. As such, the brake 
cooling arrangement and caliper/disc 
change drills were honed. Ciancetti 
states, “Areas like brake cooling are 
quite hard to simulate properly, so we 
had to make some revisions. We got the 
changes down to 1 min 30.” However, 
come the main event, neither SCG 007s 
suffered any brake woes.  

The vertical strakes 
on the rear wing 
are intended to 
increase lateral 
stability, with their 
addition possible 
thanks to the BoP- 
based regulations 

“WE HAD TO ADD SOME VERTICAL FINS 
AND LOOKED AT A NUMBER OF SOLUTIONS; 

THIS ONE WORKED VERY WELL”
LUCA CIANCETTI, TEAM PRINCIPAL, SCG
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Wingless 
Peugeot Sport surprised the sportscar world when it 
unveiled the 9X8 Le Mans Hypercar. Team technical 
director Olivier Jansonnie explains the thinking 
behind the concept and its progress to date
WORDS BY LAWRENCE BUTCHER 

Peugeot was the second of the large automotive 
manufacturers to sign up to the Le Mans Hypercar 
rule set, having not been represented in top-flight 
sportscar racing since the demise of the 908 
project in 2012. With 2023 being the 100th anniversary  

of the endurance classic in Le Mans, it would have been 
unthinkable for Peugeot, ingrained as it is in the French 
racing psyche, not to compete for the overall win. 

When the company’s 9X8 Le Mans Hypercar broke cover  
it certainly caught the attention of fans and competition alike, 
mostly thanks to the lack of a rear wing. Peugeot has well and 
truly embraced the spirit of the Hypercar rule set, bringing a 
previously unseen level of style to a race car. PMW caught up 
with Olivier Jansonnie, WEC program technical director for 
Peugeot Sport, at the 2021 Le Mans race, to find out how 
development of the 9X8 is progressing. 

Though the Hypercar rules were first announced in 2018, 
their exact direction remained in a state of flux for some time, 
and Peugeot did not sign off on the 9X8 project until later the 
following year. “We started the first discussions around the 
global elements of the project at the end of 2019,” explains 
Jansonnie. “At first we were just trying to organize the various 
technical departments, and deciding how to work with 
technical partners and suppliers. Then starting in February 
2020, development work on the car began properly.”

One of the main selling points of the Hypercar rules was a 
sizeable cost reduction compared with LMP1. According to 
Jansonnie, “We went through an exhaustive RFQ [request for 
quote] process with partners, checking the costs. From the 
very start, we really had to defend costs.”

Cost constraints or not, Peugeot Sport was intent on 
maximizing the potential of the new rule set, and initially 
developed two concepts in tandem. “One was a more 
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Above: Peugeot 
Sport is developing 
the 9X8’s battery 
with supplier Saft
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classical concept, the other something a bit more radical, 
more in the spirit of what we thought Hypercar should be,” 
recalls the Frenchman. “We got the styling department 
involved very early in the process. They looked at what we 
were doing, and we looked at what they were doing. Our 
second design concept was not so far away from what they 
envisaged, and we started to merge the ideas, which was  
a very interesting process. 

“We had to compare the two sets of ideas aerodynamically. 
Initially, their design was quite a long way from a race car, 
performance wise, but we went through a process of adding  
a bit of this and a bit of that. They were not huge changes [for 
the styling team] but made a big difference and enabled us to 
push things forward in terms of aero performance. We got to 
a point where the two models were not too far apart, and we 

could properly merge them into one. It was a long process, 
with a lot of discussion to find the best compromise.” 

For the engineers at Peugeot Sport, in much the same way 
as their colleagues at Toyota and Glickenhaus, the freedom 
afforded by the BoP (balance of performance)-based rules 
took some time to aclimatize to. 

“The new regulations are completely different from what 
we are used to,” admits Jansonnie. “As race car engineers,  
we normally work with regulations preventing you from doing  
this or forcing you to do that. This shape is allowed, this one 
not and you just have to make the best out of it. Now we are 
just told what we need to achieve and given almost total 
freedom to do it. It has opened the door to many different 
approaches, and I think even more variations will be seen  
in the cars in the future.” 

A question of balance
The 9X8’s aero design leans heavily on the underbody to 
generate downforce, to the extent that a rear wing was not 
deemed necessary – a very different approach compared 
with any race car Peugeot had developed in the past. 
Jansonnie is confident that his aerodynamicists have pursued 
the correct concept, but notes that it is still something of a 
leap into the unknown. “We have done a lot of wind tunnel 
testing and CFD, but we still need to validate on track. They 

Above: Peugeot  
has yet to decide  
on either a front or 
rear location for 
the aero device it 
will use to balance 
the wingless car

In-house engine

›Peugeot Sport opted to build its 
own engine in-house, with dyno 

testing of the resulting 2.6-liter, 
twin turbocharged, 90° V6 well 
underway by summer 2021. 

“We have experience with four- 
cylinder, turbocharged engines in the 
WRC and WRX,” Jansonnie explains, 
“and we also drew on the previous 908 
LMP1 program for vee-engine design. 

“We merged that knowledge to 
build a new engine specifically for 
these regulations on power and 
weight. It is the same approach as the 
aero; you’re given a maximum power 
to work with and you have a lot of 
freedom to try to achieve it. You also 

have a minimum weight, which 
prevents you from spending huge 
amounts of money in the process.”

Fortunately for Peugeot, it was 
able to adapt to the evolving nature  
of the Hypercar powertrain rules 
early on. “We had a bit of luck. The 
regulation was originally targeted at 
585kW and then there was the change 
down to 520kW. 

“That alteration happened just as 
we were finalizing our decisions on 
capacity and number of cylinders, so 
we had the opportunity to integrate 
the latest changes and that is one of 
the reasons we have ended up with  
a relatively small capacity.”

Tech spec
PEUGEOT 9X8 LMH

ENGINE: 2.6-liter, 90°, V6, twin-
turbocharged, 200kW front hybrid

TRANSMISSION: 7-speed sequential

DIMENSIONS: 5,000 x 2,080 x 1,180mm

WEIGHT: 1,040kg
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Above: Peugeot 
initially drew up  
two concepts for 
the 9X8
Below: The final car 
will begin testing at 
the end of 2021

final form of that device, and it is something we will be 
freezing at the very last minute. We have some options 
available, which can be at the front or the rear, and each  
of those options has some strong and weak points.”

Peugeot is aiming to complete initial track testing of the  
9X8 by December this year, ahead of its 2022 debut. As 
Jansonnie says, the development schedule is punishing, but  
if the team’s calculations are correct, the striking design will 
give weight to the idea of Hypercar as a class where roadcar 
manufacturers can truly make their mark. <

are all different tools, and we need all three; the final truth  
will come when we get confirmation on the third one of them. 
We are confident, but not overconfident [that it will work].”

He also explains that the freedom the rules provide has 
removed some of the challenges inherent in its underbody 
aero concept. “It used to be a mandated shape under there 
and at the back. Now you are allowed to do whatever you like 
and there are much more powerful ways of working under the 
floor. It is not without risk though.”

Could the reliance on the underfloor make the car more 
sensitive to changing conditions, especially with platform 
control tools such as inerters and interlinked suspension no 
longer an option? “I think that was definitely the case with the 
former LMP1 regulation, where if you were trying to do work 
on the floor, you were often increasing the [aero] sensitivity,” 
he suggests. However, this was due to the rules forcing LMP1 
teams to push the aerodynamic performance within artificial 
constraints, which is no longer an issue in Hypercar. 

“Achieving the target downforce [in LMH] was not an issue; 
it was a two-week job, basically,” remarks Jansonnie. “The key 
developments were finding the sensitivities on the floor and 
using the greater freedom to reduce them. However, there is 
still more potential sensitivity than there would be with a 
wing. It is very difficult to assess properly in CFD or the wind 
tunnel and also, we don’t know how much sensitivity the 
drivers will be able to handle, and that needs to be checked.”

As for the removal of the rear wing, normally a key tool for 
adjusting the aero balance of the car, Jansonnie says the team 
has been working on other tuning options to ensure it still has 
sufficient scope to balance from track to track. 

“The regulation allows you to have one adjustable device  
on the car to adjust the balance. We have to decide on the 

THERE ARE MUCH MORE POWERFUL 
WAYS OF WORKING UNDER THE FLOOR. 
IT IS NOT WITHOUT RISK THOUGH”
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NASCAR’s NASCAR’s 
revolution

The headline Cup series is about to undergo a 
revolution with the arrival of the Next Gen car,  
a clean-sheet design that departs from the 

traditional stock car architecture
WORDS BY LAWRENCE BUTCHER

revolution
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NASCAR’s 

The shape of the 
Next Gen cars is the 
result of extensive 
aero R&D from both 
NASCAR and OEM 
manufacturers 

Ever since the mid-1970s, 
NASCAR’s Cup cars have 
remained almost unchanged 

in their basic construction. The key 
elements include a pushrod V8 mated 
to a 4-speed manual transmission, 
driving through a ‘Ford 9in’ rear end 
with a Detroit locker differential. The 
drivetrain is mounted within a tube 
frame and box section steel chassis 
featuring A-arm suspension at the 
front , a live  axle  at the rear located 
by truck arms, a steering box rather 
than a rack and what was, until 
recently, mainly sheet-steel body 
panels, made in-house by teams. 

They have gone through a string of 
evolutions over the past 15 years, from  
the Car of Tomorrow (CoT) introduced in 
the wake of Dale Earnhardt’s fatal crash  
in 2001, to the current Gen-6 machines. 
However, the basic underpinnings have 
remained loyal to their roots. 

Although they seem simple in their 
construction, the cars are subject to a 
level of engineering optimization likely 
unmatched outside of Formula 1. This  
has drawn many European suppliers  
and more than a few engineers to the 
sport’s North Carolina heartland, ever 
since an engineering-led approach to 
stock car racing took root in the 1990s. 

Teams have developed some unique 
engineering solutions when it comes to 
bending – often to the limit – the rules. 
Thousands of CFD and wind tunnel 
hours are expended massaging the 
bodywork within NASCAR’s tolerances. 
The open underbody is subjected to 
similar attention, chasing the smallest 
gains in drag, downforce or sideforce. 
Most teams also run complex multibody 
simulations to tweak cars’ mechanical 
performance, while tools such as Chevy’s 
AI-driven strategy prediction systems  
are used during races.

www.pmw-magazine.com | September 2021
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Much of that will change come the 
Daytona 500 season opener in 2022, 
replaced by composite bodies, a flat 
underfloor and diffuser, double-
wishbone suspension all around and  
a sequential transaxle. Also gone will  
be much of the scope for teams to 
exercise engineering innovation; the 
majority of parts, including chassis  
and bodywork, is to be produced by 
NASCAR-mandated, single suppliers. 

Individuality drive 
Next Gen is the result of a ground-up 
reappraisal of the Cup car platform, the 
catalyst for which was a desire from  
manufacturers and NASCAR to have 
race cars that are more closely aligned 
to their road equivalents, create tighter 
competition and increase driver safety 
standards compared to the current cars.

A wholesale replacement of the stock 
car platform has been mooted for nearly 
a decade, but commercial sensitivities 
in NASCAR’s racing business model 
means evolution has been a gradual 
process. However, in early 2019, initial 
concept work began at NASCAR on 
what form an all-new car could take, 
with a high-level design specification 
laid down soon after. 

The majority of the development 
work on the base chassis and body 
configuration was undertaken by 
NASCAR R&D, the sport’s in-house 
technical center located in Concord, 
North Carolina, in collaboration with 
Italian race car manufacturer Dallara. 

The first prototypes were built by 
Richard Childress Racing and IMSA 
sportscar team Action Express Racing, 

with Penske later adding another car. 
Meanwhile, the three manufacturers – 
Ford, Chevrolet and Toyota – worked on 
their own unique body shapes, based 
on guidelines laid down by NASCAR 
which were derived from an extensive 
CFD-led design program.

From a safety perspective, the car’s 
design has built on much of the learning 
accrued since the introduction of the 
CoT. “We’ve leaned on a lot of our past 
history with respect to the development 
of the current Gen-6 car,” explains John 
Probst, senior vice president of racing 
innovation at NASCAR. 

“We’ve implemented some state- 
of-the-art simulation tools that have  
let us do things that we have not been 
able to do in the past, as well as a lot of 
subcomponent testing to where we’re 
correlating the model from design to  
the testing that we had done in the lab. 
From that perspective, on our end we’ve 
actually simulated some of the bigger 
incidents that we’ve had with the Gen-6 
car on the Next Gen car.” NASCAR has 
also undertaken physical tests, which 
even included crashing a robot-piloted 
prototype, equipped with a crash test 
dummy, into the wall at Talladega.

The new car was initially scheduled 
to arrive in 2021, and testing was well 
underway by early 2020, the first of the 
prototypes having run in October 2019  
at Richmond Raceway. Testing ramped 
up through early 2020, spread across 
three prototypes, but the onset of the 
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“WE’VE IMPLEMENTED SOME 
STATE-OF-THE-ART SIMULATION 

TOOLS THAT HAVE LET US DO 
THINGS THAT WE HAVE NOT BEEN 

ABLE TO DO IN THE PAST”
JOHN PROBST, SVP RACING INNOVATION, NASCAR

Above: Each 
manufacturer has 
produced their own 
Next Gen body 
design, shown here 
is the Chevy 
Camaro
Left: Engine  
cooling air will   
be exhausted out 
through the hood 
rather than the 
underfloor
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able to instill a greater level of brand 
identity than ever before, but the basic 
architecture of the cars now more 
accurately reflects the proportions of 
current road models. 

The balancing process works by 
setting manufacturers an aerodynamic 
performance window to work within. 
Their finished cars are then checked  
by NASCAR via wind tunnel testing, to 
ascertain that they fall within the set 
window. After sign-off, each body is 
scanned and the resulting CAD data 
used as the reference for NASCAR’s 
Hawk-Eye, a vision-based pre-race 
inspection system. The task facing  
each manufacturer’s racing outfit  
is therefore to design a body that meets 
their brand’s styling goals while still 
providing their teams with a shape that 
exploits every possible area within the 
NASCAR performance window. 

As Pat Suhy, manager of General 
Motors’ NASCAR competition group, 
explains, “NASCAR gave us their initial 
ideas and asked what was important to 
us. As good as the Gen-6 cars looked, 
we really wanted to get the proportions 

The crew chief’s view

›Cliff Daniels is crew chief to Hendrick Motorsports 
driver Kyle Larson, who won the 2021 regular Cup 

season. Prior to Larson joining the team, Daniels 
worked with seven-times NASCAR champion Jimmie 
Johnson. PMW asked for his take on the seismic shift 
the sport is about to undergo. 

“Overall, I totally understand the initiative for 
NASCAR. I think it is going to help the business 
model, short term and even long term. However, 
short term for us it is going to be a big change to go 
from the skill and craft of constructing our own 
chassis, bodies and suspension to purchasing them 
from all the different sources,” he explains. 

He believes that not only will the manufacturing 
process of NASCAR change, so too will the means  
by which teams can find performance. “The area  
in which you can develop is going to be so much 
smaller; we’re going to have to find that area. Not 
only are we going to have to make the most of how  
we build the cars – once we get the parts and pieces 
in-house, just from the QC and assembly side of 
things – but that small window of opportunity  
means we will have to delve down more into the 
engineering of the cars, to make the most of it. 
Instead of being able to work on development in  
15 or 20 areas, it may be 5 or 10 now, so the scope  
of our development could be cut in half.”

For Daniels, it will be a steep learning curve 
coming out of 2021 and into 2022, as he and his 
team get to grips with an all-new car package.  
“A lot of our history that we have here at Hendrick 
won’t apply specifically, because everything is so 

different – the suspension, the 
chassis, the body and the tire. 
However, our understanding  
of the fundamentals of what it 
takes to make such a heavy car 
reach maximum potential, a lot  
of those core, foundational 
engineering principles still 
apply. We’ve just got to figure 
out how to tune it right. It will 
certainly be interesting to see 
who gets their hands around it 
quickest. We’re going to have to 
throw so many different changes at 
the car [in testing] just to see how it 
responds, so we can start building our 
own database of sensitivities of the car.”

Despite relishing the new engineering 
challenge, Daniels, along with many of his 
colleagues, laments the 
loss of an intrinsic part  
of the sport: teams acting 
as constructors in their 
own right. “I think there 
will still be a little bit of 
uniqueness here or there. 
But compared to what we 
know in Cup racing today, 
where there’s a Hendrick 
chassis and body or a 
Penske car, that is going 
away. That’s a big deal.”

of the car sorted a little better. 
“The Gen-6 still had a very long rear 

overhang and was asymmetric; the right 
side of the tail in plan view is 2in wider 
than the left. Things like that don’t really 
bother us as racers, but when we show 
them to our design guys, they wonder 
what is going on. 

“We’ve been on a mission for quite  
a few years to get the cars to better 
reflect what is in the showroom. The 
starting point for that was shortening 
the overhangs, then getting rid of the 
asymmetry and improving the overall 
greenhouse shape, which were our 
high-level requirements.” 

All three manufacturers’ road car 
design groups were actively involved  
in sculpting the shape of the Next Gen 
bodies. For most, this was the evolution 
of an ongoing process. As Suhy 
explains, “There are always some things 
we want to bias for performance and we 
would have to negotiate a little bit, such 
as why a feature can’t be a little deeper 
or more pronounced. But they are also 
the guys that work on our performance 
[road car] products, and they 

“WHAT WE KNOW IN CUP 
TODAY, WHERE THERE’S A 
HENDRICK CHASSIS OR A 
PENSKE CAR, THAT’S GOING 
AWAY. WHICH IS A BIG DEAL”
CLIFF DANIELS, CREW CHIEF, HENDRICK MOTORSPORTS

Covid-19 pandemic in March saw the 
NASCAR season halted and with it, all 
work on the Next Gen cars. 

This led the series organizer to take  
a pragmatic decision to delay the arrival 
of the new car until 2022. Testing finally 
resumed in August last year and has 
continued throughout 2021, with each 
manufacturer running cars equipped 
with wheel force transducers in June. 
The data from this was used to help 
validate their vehicle models and those 
of NASCAR, while also assisting series 
tire supplier Goodyear further develop 
compounds for the 18-inch wheels. 

Bring the style 
Since around 2010, NASCAR has been 
honing a benchmarking system for its 
vehicles to ensure that each of the 
manufacturers’ body shapes (which 
teams are required to use) has equal 
aerodynamic performance. The process 
has evolved and manufacturers have 
been able to add ever-greater levels of 
brand-specific styling. 

Next Gen marks the culmination of 
this effort. Not only are manufacturers 
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Anatomy of a Next Gen

› The Next Gen chassis will comprise spec  
items – supplied to teams in kit form rather 

than being constructed in-house – consisting  
of a central cage with front and rear clips. In a 
cost-saving move, these clips will be bolted 
rather than welded to the central chassis. 
Furthermore, teams will be limited to seven 
chassis per season to prevent them building 
specific chassis for certain tracks. Safety 
improvements over the Gen-6 cars have also 
been incorporated, including some additional 
reinforcement bars in the roll cage, plus energy- 
absorbing foam inserts in the front and rear 
chassis sections combined with crushable 
supports for further crash energy dissipation.

The suspension is now double wishbone all 
round, with machined aluminum wishbones 
supporting aluminum uprights. The anti-roll bar 
now attaches on the upper wishbones front and 
rear, with blade-type adjusters. Significantly, 
the  steering uses a conventional rack-and-
pinion system rather than a steering box (which 
was still based on a 1950s GM Saginaw truck 
unit). NASCAR’s signature five-lug wheels, the 
source of many penalties for teams due to 
missed lug nuts during pit stops, are replaced 
with center lock, 18in diameter wheels.

The current-generation pushrod V8 engines 
are retained, but with some modifications to 
suit the new package, including revised oil pans 

and exhaust systems. The latter will now use 
two exits, one either side of the vehicle, instead 
of the single right-side exit of the current cars. 

Power will be set at between approximately 
550bhp and 670bhp depending on track type. A 
rear-mounted, five-speed, sequential transaxle 
has replaced the previous four-on-the-floor 
gearbox and rear differential arrangement. 
There are no immediate plans to downsize the 
engines; however, the OEMs and NASCAR are 
open to future developments, including 
hybridization. To this end, the Xtrac-supplied 
transaxle can already incorporate a motor 
generator unit (MGU). 

To bring the proportions of the car more in 
line with production machines, the greenhouse 
area has been revamped and the front and rear 
overhangs and length of the rear deck have also 
been reduced. Taking the Toyota Camry as an 
example, the Next Gen version is now almost 
identical in length and wheelbase to the road 
version. Adding to the visual differentiation 
between marques, the fenders, along with the 
front and rear quarters, also incorporate design 
elements unique to each manufacturer.

The bodies are now entirely symmetrical, 
finishing a process started with the CoT where 
NASCAR began to clamp down on bodywork 
asymmetry, used by teams to gain a sizable  
aerodynamic advantage when running on 

banked ovals. The transition to all-composite 
construction will also be completed with the 
Next Gen cars; the Gen-6 already featured 
composite hoods and rear decks, and the 
second-tier Xfinity series switched from steel 
bodies in 2018. The underside has also been 
heavily revised with a composite flat floor and  
a rear diffuser with multiple fences.

Furthermore, the hoods now incorporate 
manufacturer-specific cooling outlets for the 
radiators (which previously vented to the 
underfloor). NASCAR has also mandated a 
minimum ride height 50mm higher than the 
current cars, governed by a travel limiter to 
prevent teams developing complex solutions  
to run lower dynamic ride heights.

“IT IS DIFFICULT TO GET THE HOOD HEIGHT AND SWEEP THAT YOU WANT,  
FROM AN AESTHETIC PERSPECTIVE, AND THEN ALSO HAVE IT FIT THE BOX”

TOMMY JOSEPH, AERODYNAMICIST, FORD PERFORMANCE

features even needed toning down.  
This could be either to keep the car  
in the performance window or ensure 
the aero balance was maintained. For 
example, “Some of the wider features 
around the front fenders needed to be 
suppressed to keep within the allowed 
[downforce] limits,” Joseph remarks.

In-built performance 
Though NASCAR’s balancing process 
theoretically puts everyone in the same 
performance window, it would be naïve 
to think that each of the manufacturers, 
and their partner teams, do not try to 
incorporate features to enhance the 
performance in the real world. 

Seemingly insignificant geometric 
choices, such as the radius used on a 
particular panel line, are not simply 
picked at random. 

As Suhy puts it, “There probably isn’t  
a feature on the car that doesn’t offer a 
performance advantage of some type. 
I’m not sure how NASCAR would feel 

Above: The suspension 
consists of double 
wishbones all around 
with coil-over shocks 
Below: The front and 
rear clips are bolted 
to the main cage,  
and feature energy- 
absorbing crash 
structures with  
foam inserts
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understand there is a compromise 
between aesthetics and performance.” 

It should be noted that part of the 
NASCAR submission process involves  
a side-by-side comparison between 
production and race cars to ensure 
engineering/artistic license has not 
been taken too far.

Ford Performance aerodynamicist 
Tommy Joseph echoes Suhy’s view: 
“Any time we’ve had to have some 
discussion about compromises, it’s  
been a good discussion, not an 
argument. In my mind, the [Next Gen] 
Mustang is probably one of the most 
representative race cars we’ve ever 
designed, especially if you look at the 
front or the rear end. For example, the 
Mustang has a diamond kickback 
shape near the taillights, which was 
impossible to incorporate on the old 
car and we’ve got it on Next Gen.”

According to Joseph, some of the 
areas within which the manufacturers 
could work were more sensitive than 

others. He highlights that at the front  
of the car, “It is difficult to get the hood 
height and sweep that you want, from 
an aesthetic perspective, and then also 
have it fit the [performance] box.” He 
also points out that working from a 
high-performance road car basis – in 
Ford’s case the GT500 Mustang, which 
has already undergone a considerable 
aero development program – some 
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about hearing that, but it’s a fact. There 
are tuning elements and shapes in the 
car and we explored every one of them.” 

As well as the composite bodies 
making it harder to massage the cars 
during their construction, additional 
elements of the new design also limit  
the performance that can be ‘built in’ 
compared with Next Gen’s steel-
fabricated predecessors. 

For example, Suhy hints that GM at 
least was able to leverage the inherent 
asymmetry of the Gen-6 body because 
certain styling features could not be 
mirrored exactly on both sides of the 
car. “Beyond being able to rely on the 
offset [for aero performance on ovals] 
we also had other opportunities to take 
advantage of that asymmetry,” he states.

Ensuring that aero performance met 
NASCAR’s benchmark was something 
of a moving target for the development 
teams, as items such as the underfloor 
– a spec part – went through a number 
of iterations. This was due to NASCAR’s 
ongoing internal aero program, working 
on elements such as reducing the 
interaction between cars in the draft. 

Cooling provision for the engine also 
required a different approach, recalls 
Joseph, due to the very different chassis 
package and late confirmation of the 
final engine tunes that would be used. 
On the latter, in Ford’s case at least, 
“We went in a direction that gave us a 
greater [cooling] range and increased 
flexibility in case something changed.” 

He also highlights another difference. 
On the current cars, all cooling air is 
vented out through the underside of the 
vehicle, the volume of which teams look 
to minimize by taping up the front grille 
wherever possible because the dirty, 
low-energy air is highly detrimental to 
downforce. On the new cars, the floor  
is entirely enclosed and the flow heads 
out the sides of the car and the top of 
the hood, meaning that limiting flow  
to the underfloor is no longer a concern. 

On this point, the front splitter, floor 
and diffuser are spec parts across all 
manufacturers, with no scope to alter 
them. In Joseph’s opinion, a desire for  
a flat floor was one of the high-level 
goals for NASCAR, the OEMs and most 

Ford are still keen to draw knowledge 
from the sport. 

“We stipulated certain disciplines of 
engineering that are very important to 
us that we want to keep in this sport, 
because it brings a lot of tech transfer 
to our road car program,” says Joseph. 

“For example, we feel strongly that 
aerodynamics is very important. While 
the materials and the shapes might be 
different because of the nature of the 
tracks and racing, it will still be a factor.” 

Once the new cars are established, 
the next target for manufacturers will  
be the powertrain, with the first change 
likely to be the addition of a spec hybrid 
system, possibly in 2024. 

As NASCAR’s Phelps remarked at 
the cars’ launch event, “I think right now 
it’s something that we are certainly 
having a lot of discussions with our 
OEM partners about. If we decide to go 
to some form of electrification in a 
hybrid vehicle or hybrid engine, the 
Next Gen car has the opportunity for 
us to drop that engine in there.”

The new cars will make their debut  
at the 2022 Daytona 500, but delivery  
of parts to teams is already underway 
ahead of the start of group track testing. 

Though the vehicles are closer to GTs 
than stock cars now, the sheer scale  
of the Next Gen undertaking should  
not be underestimated; NASCAR 
deserves credit for its development 
effort over the past three years and the 
close relationship it has fostered with 
various stakeholders. How will the 
racing be? 

As Suhy concludes, the new car will 
require a fresh approach but, “our guys 
think there are more ways to be wrong 
with this car than the old one. That’s 
not to say everyone won’t zero in on  
an ultimate solution, but I think at  
the beginning of the season it could  
be very interesting to see how folks 
approach it differently.” <

“THERE PROBABLY ISN’T  
A FEATURE ON THE CAR THAT 

DOESN’T OFFER A PERFORMANCE 
ADVANTAGE OF SOME TYPE”
PAT SUHY, MANAGER, NASCAR COMPETITION GROUP, GM

Top: Ford feels that 
the Next Gen 
Mustang is a close 
representation of 
its latest road car
Above: Testing was 
undertaken with 
three prototype 
chassis initially
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teams. There is little wider benefit to be 
gained from the extensive and thus 
expensive aero development around 
parts such as exhaust pipe shapes, 
front radiator boxes or any of the other 
myriad small parts under a Gen-6 car. 
“The [new] shape is actually much more 
relevant from our perspective as well,” 
he points out. “You are seeing more and 
more flat underbodies on high-
performance road cars these days.” 

Culture change 
Next Gen’s arrival will signal a culture 
change across all teams in NASCAR, 
moving them away from being race car 
constructors to something more akin  
to kit assemblers. However, although 
the demand for traditional skills  
like fabrication will wane, 
manufacturers such as 
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NASCAR’s new boots
PMW gets the inside line on Goodyear’s two-year development 
program for Next Gen’s new 18in tires
WORDS BY GRAHAM HEEPS
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Left: In the spring  
of 2021, Goodyear 
made an inventory 
of multipurpose 
18in tires that teams 
could use during 
the chassis build 
process. It noted 
the construction 
was not indicative 
of the ultimate 
production tire 
specification
Above: The chassis 
setup of the Next 
Gen led Goodyear 
to a notably softer 
compound than 
currently used
Below: Goodyear 
continues to adapt 
its 15in durability 
routines and other 
lab tests to the new 
tire size as more 
data is gathered

materials or constructions, however;  
it’s more about tuning the components 
to take account of the reduced sidewall 
height of the 18in tire.

“The challenge for us is to make sure 
we can absorb in the right way the load 
and deflection that we normally saw  
in a 15in tire,” he continues. “This will  
be the first 18in application operating  
at the sustained speeds and loads of 
oval racing. Goodyear has a lot of 18in 
tire experience in sportscar racing,  
but racing on an oval is very different.  
We’ve had to make adjustments to 
components and component placement 
[within the tire].”

In 2021, the track tests began to  
focus on specific constructions and 
compounds for individual racetracks, 
now augmented by team feedback  
to Goodyear. “A critical piece for all of  
us has been the wheel force transducer 
(WFT) testing with the prototype 
vehicles from each OEM,” adds Stucker, 
“Previously, we had worked more  
with the simulation data to try to 
understand what the wheel loadings 
and suspension settings would be on 
this car compared with others, but now 
we are getting real-world data.

“The [NASCAR] prototypes were 
heavily instrumented but you don’t get 
the detail of what’s happening at each 
corner like you do with the WFT. The 
measurements feed into our simulation 
work so that we can generate the right 
force and moment data and operational 
parameters for the teams. They also 
feed into the durability work that we do 
in the lab to verify that we have a robust 
package for each individual racetrack.”

Following a multicar test at Daytona 
in September, tire production for the 
2022 season-opening 500 will start  
in Akron from mid-October onward, 
when 2021 production concludes.

“We’re excited to see the change,” 
sums up Stucker. “It’ll evolve as 
everyone learns more about the cars. 
The ultimate test is always going to  
be putting the product on track under 
race conditions.” <

The larger wheels on 
NASCAR’s Next Gen 
machines are one of the 

biggest visual differences between 
the new Cup cars and the outgoing 
Gen 6 racers. The overall tire 
diameter is similar to before, but the 
bead/rim diameter is up by 3in to 
18in. The wheels – now aluminum 
alloy rather than steel – are 1.5in 
wider, too, at 12in. The metrically 
sized tires are 365/35 R18s.

With the new rules originally due to 
take effect in 2021, sole tire supplier 
Goodyear began discussions with 
NASCAR around the Next Gen package 
in early 2019, by which point the 
engineers in Akron, Ohio, had already 
begun studying new tire sizes. With 
NASCAR’s input, the team quickly 
zeroed in on the key dimensions and 
produced the first tires for a test at 
Richmond that October.

“That started the tire development 
process in earnest,” says Greg Stucker, 
Goodyear’s director of race tires. “We 
went to Homestead and did a quick test 
at Charlotte in early 2020.

“Until the summer of 2021, the mostly 
one-car tests used prototype vehicles 
that NASCAR had developed. We went 
to all different types of racetracks – a 
road course, a short track, mile-and-a-
half speedways and Daytona. From 
those prototypes, we got a good look at 
what the general demands of the car 
were going to be from a tire perspective 
and a very good platform [on which to 
build] for all those venues.”

Stucker says that the Next Gen’s 
combination of suspension dynamics, 
aerodynamics and tire size consistently 
led the Goodyear team to look at a 
softer compound than has been used 
before. There has been no need to 
migrate to radically different tire 
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Seismic 

shifts 
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After decades of use in NASCAR, the H-pattern 
transmission is being ditched for Next Gen. The 
series is set to adopt a spec, single-supplier 
sequential unit with the option of hybridization 
WORDS BY LAWRENCE BUTCHER

The Next Gen car is a 
revolution compared  
to the last decades of  

stock car development, with the 
transmission no exception. For time 
immemorial, Cup cars have featured 
4-speed, manual gearboxes. Come 
2022, the H-pattern will be history, 
in its place a 5-speed, sequential 
transaxle, with an option for the 
implementation of a hybrid  
system at a later date. 

It will be a single supplier model  
– there are currently five approved 
gearboxes, from four companies – 
with Xtrac equipping the field. 

Gestation
Though better known for its sportscar 
and single seater transmissions, the 
company has a long association with 
NASCAR, having produced a 4-speed 
H-pattern gearbox and range of ring 
and pinions, with the latter providing a 

Above: Xtrac relied 
on its Australian 
Supercars gearbox 
as a starting point 
for the NASCAR 
Next Gen unit
Above right: Cup 
cars will use a 
limited slip diff 
rather than the 
traditional Detroit 
Locker style used 
to date
Left: Such is the 
scale of NASCAR, 
300 transmissions 
will be delivered to 
teams by the start 
of the 2022 season 

step change in durability and efficiency 
when introduced over a decade ago.
Xtrac began early concept work 
on a potential Next Gen NASCAR 
transmission in mid-2018, at the request 
of a manufacturer wanting to assess 
options for adding a hybrid system  
to the cars. Paul Barton, assistant vice 
president of Xtrac’s North Carolina 
operations, explains, “We started 
looking at what the best packaging  
for a hybrid motor would be in terms of 
where to put it, starting with something 
along the lines of the Australian 
Supercars transmission [which Xtrac 
also supplies] with the addition of a P2 
hybrid arrangement, where the hybrid 
motor would be introduced at the input 
of the gearbox, but off-axis.” 

Following this initial work, NASCAR 
issued a request for proposal in June 
2019, for a transaxle unit with hybrid 
integration potential. The use of a 
transaxle layout was driven by the 
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series organizer, as relocating the 
gearbox from the front of the car would 
reduce the volume of the transmission 
tunnel, in turn enabling the driver to  
be placed nearer the center of the car 
– desirable from a safety perspective. 
Beyond this stipulation, Barton says 
that the specification was wide open, 
even so far as not specifying the 
number of gears required. 

One of Xtrac’s first tasks was to 
ascertain the gearing spread needed  
to accommodate the varied tracks  
Cup cars visit. With cost control in  
mind, NASCAR wanted a limited set  
of ratios to help reduce teams’ inventory 
and thus costs. “We’ve got a lot of 
experience supplying the existing  
ratios for the different tracks,” outlines 
Barton. “We did some analyses of what 
cluster ratios all the teams are using, 
and from that tried to get within a  
small percentage of those with a 
selection of fixed cluster ratios.” 

Currently, the overall gearing in top 
gear is mandated by NASCAR for each 
track, defined using the ring and pinion 
ratio; for example, a superspeedway 
such as Daytona will see a 3.45:1 ratio, 
while a short track such as Martinsville 
will use a 6.20:1. The new transmission 
uses an input drop gear arrangement  
to tune the overall ratio (in the existing 
setup, top gear is a direct drive from the 

Left: A drop gear 
arrangement is 
used on the Next 
Gen transmission 
with 13 gears 
available combined 
with three ring and 
pinion options

clutch to the rear axle) and to provide 
the required increments to enable 
NASCAR to fine-tune from event to 
event. Xtrac established that a 
combination of 13 input drop gears and 
three ring and pinions would cover the 
required range. Notably, at the uniquely 
demanding Martinsville short track,  
the gearbox will only be used in a 
4-speed configuration to save costs  
for teams using the extreme ratio. 

Xtrac will supply three main gearbox 
configurations, A, B and C, covering 
high- to low-speed tracks. Given the 
relatively unknown performance of  
the cars, NASCAR will likely specify a 
number of drop gears that teams should 
carry to each race, to enable fine-tuning 
similar to its previous use of primary 
and alternate ring and pinion setups. 

Transmissions destined for road 
course use will have subtle differences 
to oval units, “For example, Watkins 
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Glen is a B gearbox, but we change first 
and second gear, and Sonoma is a C 
gearbox where we change second gear 
to suit the specific track requirements,” 
summarizes Barton. 

Lubrication 
Running on banked ovals presents a 
unique challenge when it comes to 
ensuring consistent lubrication of a 
transmission. According to Barton, 
initial track testing was conducted with 
the company’s Australian Supercars 
transaxle, featuring only a single oil 
pickup at the rear of the casing: “As we 
expected, we saw a pressure drop off 
on the banking as the car gets loaded 
up on left-hand turns and the oil moves 
to the right-hand side of the box.”

To counter this, the NASCAR unit 
features dual pickups, one at the rear  
on the center axis of the casing and 
another at the front right. This setup  
is shared across all transmissions 
regardless of track type, says Barton. 

Validation of the transmission design, 
including the lubrication, used both 
virtual and physical testing. 

Fortunately, Xtrac had developed its 
own in-house gimbal test rig, which was 

Left: Xtrac’s gimbal 
test rig was put to 
good use in order to 
simulate the forces 
experienced on 
banked ovals. The 
company is well 
aware that teams 
will run less oil 
than recommended 
in order to pursue 
friction gains 

“WE BUILT THE FIRST GEARBOX 
AND RAN IT ON ONE OF OUR 
STATIC RIGS TO MAKE SURE  
WE HAD THE INTENDED OIL 

PRESSURE AND FLOW”
PAUL BARTON, ASSISTANT VICE PRESIDENT, XTRAC NORTH CAROLINA

Differential opinions

›When Xtrac first looked at the 
NASCAR transmission brief, its 

initial feeling was that using a spool, 
rather than a differential would be an 
ideal solution, similar to the system 
used in Australian Supercars. However, 
the OEMs were adamant they wanted  
a differential in the cars, to increase 
road relevance, so a limited slip unit 
was specified. 

Barton recognizes the dichotomy 
here, with the addition of what is in 
effect a tuning device to a sealed 
transmission. “We suggested that  
it would be a great marketing tool, 
having an adjustable, torque biasing 
differential, so NASCAR allowed it to  
be externally adjustable.” 

The adjustment system applies 
positive preload to the differential via 
a nitrogen charged piston, a system 
Xtrac has deploys across several other 
race transmissions over the past 10 
years. The benefit over a traditional 
mechanical adjuster using adjuster 
gears is that it allows very light preload 
levels, if needed, which can be 
challenging to achieve mechanically. 

Barton explains, “If you want to run, 
say, 10Nm preload with a mechanical 

system, you can find that the preload 
may unwind due to, for example, wheel 
hop when coming into the pitlane.” 

Xtrac is not expecting teams to make 
differential adjustments often, with 
Barton predicting they will find a sweet 
spot from track to track (the piston is 
charged via a needle, with access not 
easy on a closed body car). The 
differential will only be available with 
a single ramp option from the outset, 
though Barton suggests that high-, 
medium- and low-speed transmission 
ramps could be provided later. “We 
tried to mimic the existing Detroit 
Locker with quite an aggressive ramp,” 
he says. “We didn’t want the drivers 
having a very different feel to what 
they are used to, but there may be 
demand to change to something less 
aggressive for different track types.” 

put to good use when establishing 
parameters such as oil fill levels and 
distribution within the casing. 

“We built the first gearbox and ran  
it on one of our static rigs to make sure 
we had the intended oil pressure and 
flow, but it is hard to ascertain what  
the optimum oil level is on a static rig,” 
notes Barton. Feeding the gimbal  
rig with data direct from teams could 
create a far better representation of 
real-world demands. “We could then 
start refining the oil level to a point 
where we’re comfortable. We are brand 
agnostic but recommend 75W90, with a 
recommended fill of two liters,” he says.  

However, oil will not be a spec item, 
and teams will inevitably push the 
boundaries in pursuit of friction 
reduction, particularly on super- 
speedway tracks, running less oil and 
working with their respective partners 
to develop lower viscosity formulations. 
“We know teams will  
want to run less than two liters as they 
balance life versus performance, but 
that’s their prerogative,” muses Barton.

He admits that teams have already 
asked the maximum oil temperature the 
transmission can be run at. The answer, 



September 2021 | www.pmw-magazine.com

3 8   N A S C A R  G E A R B O X  D E V E L O P M E N T

he says, is 120°C, the standard for all  
of Xtrac’s fixed specification products, 
though he knows teams run the existing 
ring and pinions hotter at certain tracks. 

The transmission is built to handle 
the 750bhp maximum output of the 
current Cup engines, with an additional 
150kW (200bhp) for a future hybrid, 
while also accepting the back torque 
spikes caused by wheel hop which can 
occur as cars come into pit. NASCAR 
did not specify a mileage requirement, 
an understandable omission given the 
very different duty cycles seen from 
track to track. 

However, a reasonable running 
distance is expected and Barton notes 
that with its current ring and pinions, a 
big team is happy to achieve 500 miles 
use at a track like Martinsville, but on 
superspeedways, a running life of 8,000 
miles is not unheard of. 

Mass production 
The scale of NASCAR, even in its pared 
back Next Gen form, is formidable. To 
put the level of manufacturing demand 
in perspective, Barton estimates the 
company has supplied around 150 
transmissions to IndyCar since the 
arrival of the DW12 chassis in 2012, yet 
it has already delivered more than 120 
Next Gen transmissions before the first 
open test, and is expecting to deliver 
300 to NASCAR teams before the first 
race at Daytona in 2022. Teams won’t 
be rebuilding their own transmission 
either, so Xtrac’s workload will be 
relentless from the outset. 

“Xtrac’s business model changed 
massively when it became a sealed 
gearbox,” points out Barton. “If you 
imagine supplying 40 Cup cars with  
a new product, the spares sales would 
have been massive in year one, because 
everyone says they want five of each 
part. Now, it’s not really a spares 
business, because we’re having to hold 
all the spares ourselves, it’s turned into 
more of a service model.

“We have come up with different 
service models, looking at the likely 
schedule, and from that we can 

Above: Such are  
the demands of 
NASCAR, Xtrac  
has tightened up  
its QC processes 
and consistency 
targets in order  
to reduce friction 
variation across 
production runs

implemented stringent consistency 
targets and has revamped some of  
its build processes to be able to provide 
supporting evidence (for the governing 
body) of build consistency.  

According to Barton, these process 
revisions have paid dividends. “Of the 
first 40 transmissions we built, eight 
were on the limit of the acceptance,  
so warranted an additional audit of  
the pre-loads, and we were able to 
further minimize the variability of the 
performance. We’re looking for a very 
narrow band of acceptance criteria, the 
feedback [from teams] on repeatability 
has been excellent.” 

As he highlights, Xtrac saw great 
success with its range of NASCAR ring 
and pinions, where 0.2hp gain over the 
competition, a tiny amount on a 750bhp 
engine, was deemed significant. 

Xtrac knows the stock car industry 
and is accepting of the fact that there 
will be some resistance to change and 
that drivers will also have to adapt their 
driving to a sequential transmission. 

For example, where they currently 
drop into neutral and cut the engine  
to save fuel under a caution before 
bump-starting the motor in fourth  
gear, this will not be possible with  
the sequential shift. Its approach to 
countering any talking-up of issues  
is to provide as flawless a product as 
possible; with up to 40 transmissions  
a month now shipping to teams, it is 
determined to feed the insatiable 
demand that is unique to NASCAR. <

establish how many gearboxes a  
team will need, depending on the 
service model that they pick,” he says. 
The company has also taken steps to 
ensure its supply chain is secure, such 
as signing up two separate foundries  
for production of the casings. 

Xtrac is acutely aware that any 
increase in losses from one unit to 
another would be picked up on by  
the intensely competitive NASCAR 
paddock; all big teams have access  
to advanced transmission dynos. To 
prevent this being an issue, it has 

“WE KNOW TEAMS WILL WANT TO RUN LESS THAN TWO 
LITERS AS THEY BALANCE LIFE VERSUS PERFORMANCE, 
BUT THAT’S THEIR PREROGATIVE”
PAUL BARTON, ASSISTANT VICE PRESIDENT, XTRAC NORTH CAROLINA
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Motorsport’s shift to hybrid or electric power  
has been slow to arrive, lagging behind the 
adoption of such systems in mainstream 
automotive. However, the tide is beginning  
to turn, with a growing number of series in  

the process of switching from pure IC engine power. 
Open technical development is the reserve of Formula 1 

and, to a lesser extent, the WEC and Formula E, with most 
other series opting for spec systems for reasons of cost. 
However, there are also some notable non-series-specific 
developments; for example, VW’s Pikes Peak antics at the 
end of the last decade showed how potent electric racers 
could be when properly developed. 

Meanwhile, current projects, such as the Škoda RE-X1 
Kreisel – an all-electric rally car based on a Rally2 platform – 
have proved that BEVs are reaching a point where they can  
be used in traditional events. RE-X1 recently reached the 
podium in an Austrian National Rally, with its immersion-
cooled battery enabling fast charging between stages. At  
the grassroots level, Formula Student and Formula SAE are 
seeing an increasing number of electric entrants, grounding 
motorsport engineers of the future in the technology they  
will doubtless have to handle throughout their careers. <

Movers 
and 
shakers
Motorsport’s transition to electric and hybrid 
power is well underway, with a host of series  
set to make the jump over the next year
WORDS BY DANIEL LLOYD AND LAWRENCE BUTCHER 

Formula 1

› It is easy to forget that 
Formula 1 led the way 

with hybridization with 
the introduction of KERS 
in 2009. Since the 2014 
switch to 1.6-liter, V6 
engines harnessing  
both exhaust gas and  
kinetic energy recovery, 
the sport has pushed 
powertrain efficiency to 
levels previously thought 
impossible, in excess of 

50% 
TE. With 
new aero 
regulations 
arriving in 2022, a 
powertrain revamp is  
on the cards for 2025, 
which will likely retain  
the current spec engine 
architecture but with a 
much greater hybrid 
contribution than the 
present car’s 120kW. 

WRC

›As WRX goes 
fully electric, 

the World Rally 
Championship will 
move to hybrid 
power in 2022. All 
manufacturers will  
use the same hybrid  
unit supplied by Compact 
Dynamics. It includes a 
motor-generator unit, 
control unit and battery. 
The 750V battery comes 
from Kreisel. The prospect  
is a 100kW contribution to 
the car’s total 500kW output 
when combined with the 
1.6-liter turbo engines.  
The offset is an 84kg weight 
increase. Power is recovered 

under 
braking and 
stored in the battery. 
Charging from 20% to 80% 
during service breaks will 
take 20 minutes and teams 
will be limited in the scope 
of their hybrid energy  
deployment strategies. 

The sport  
has pushed 
powertrain 

efficiency to levels 
previously thought 

impossible
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Formula E

›Formula E pioneered 
electric motorsport in 

2014, eventually becoming 
an FIA world championship. 
Its next challenge is to 
consolidate its impressive 
growth. Gen3 cars will now 
produce 40% higher power 
outputs than the Gen2 

incumbent; 600kW 
regenerative 

braking 
on the 

front and rear compares 
with 250kW on the rear in 
the current car. There are 
also plans for 800kW ‘flash 
charging’ to bring back pit 
stops, dropped after Gen1. 

Spark Racing Technology 
is making the Gen3 chassis, 
and battery supply comes 
from Williams Advanced 
Engineering. Hankook is  
the official tire supplier. 
Gen3 aims to cut costs by 
capping team operations 
and setting limits on parts 
use. Six manufacturers have 
pledged support so far. 

WEC and IMSA

›Hybrid systems 
propelled endurance 

racing to dizzying heights 
in the LMP1 era until 
spiraling costs sent 
manufacturers packing. 
Since then, the series 
organizers have taken 
stock and developed  
new approaches to  
electric tech in the hope  
of winning back support. 
There are two core vehicle 
types: the IMSA-led LMDh 
prototypes, due in 2023, 
and FIA/ACO’s LMH (Le 
Mans Hypercar) class, 
racing now.

 LMDh cars will share a 
common hybrid system 
using a 50kW Bosch 
electric motor linked to an 
Xtrac P1359 transmission 
and Williams battery. 

Hybrids are optional  
in LMH, and capped 
at 200kW output. For 
example, Peugeot is 
working on its own and 
with Saft on its 900V 
battery. A hydrogen class  
is planned for Le Mans 
2025, with Red Bull 
Advanced Technologies 
and Oreca working on the 
chassis, GreenGT on the 
powertrain and Plastic 
Omnium on the fuel tank. 
Development of the fuel 
cells will be open for 
manufacturers.

DTM 

› The DTM series and 
Schaeffler are mixing 

things up in Germany with 
the development of an 
electric racing car concept 
that is earmarked for a 
standalone championship 
in 2023. Schaeffler, which 
has worked with Audi in 
Formula E, has developed 
its own 880kW electric 

powertrain that 
includes 

battery-

electric drive systems on 
each wheel. It also uses 
Schaeffler’s steer-by-wire 
technology that does away 
with the steering column 
and replaces it with 
electrical connections. 
That system facilitates 
autonomous operation,  
as recently demonstrated 
on run at Spielberg, Austria, 
where the car was controlled 
by a driver in a simulator 
82km away from the track.
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SuperCharge

› With electric SUVs 
a prime market for 

OEMs, the SuperCharge 
racing series is looking 
to tap into this trend. 
Launched last year, the 
concept hopes to see 
manufacturers develop 
racing SUVs with bespoke 
electric drivetrains 
capped at 500kW.  
Races will be held on 
compact urban tracks 
incorporating water 
gantries and ‘low-

friction’ zones. The cars 
will have a usable energy 
level of 40kWh, with 
power going to separate 
drivetrains on the front 
and rear. SuperCharge 
hopes to attract OEMs 
that want to showcase 
road-relevant 
technology.

ERA Championship

›Named after the 
Japanese word for 

honeybee, the electric 
ERA Championship’s 
Mitsu-Bachi single-
seater series will use 
Japanese constructor 
Dome’s F110 Formula 4 
chassis coupled with 
a 24kWh battery 

and 130kW output motor. 
The series prototype 
recently captured the 
Zolder EV lap record. 

Pure ETCR

› Touring cars seem  
the logical place to 

popularize electric road 
car technology, with the 
Pure ETCR series leading 
the way. The cars use spec 
system inverters, gearbox 
and twin rear-wheel 
motors from Magelec, 
paired with a 65kWh 
Williams battery. Output 

is capped at 300kW in 
competition mode, or 
500kW in qualifying for 
the short. In 2021, Pure 
ETCR will become the FIA 
eTouring Car World Cup.

FIA Electric GT

›
Earlier this year, the 
FIA revealed details  

of a proposed Electric GT 
series and the outlines 
of a regulation structure. 
The series promoter, 
Discovery, hopes to 
oversee a six-round 2023 
campaign taking place on 
purpose-built tracks with 
cars that can be rapidly 
charged during pit stops 
up to 60% capacity at 
a rate of 700kW. 

Competitors will have the 
freedom to design their 
battery layouts, based on 
Saft’s lithium-ion pouch 
cells. Two or four electric 
motors can be used, and 
two- and four-wheel-
drive layouts will be 
permitted. It is planned 
for the cars to have a 
similar performance to 
current GT3 machinery. 
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NASCAR and IndyCar

›Both NASCAR and 
IndyCar view electric 

power as integral to their 
respective futures. The 
Next Gen Cup car is 
capable of accepting a 
hybrid drive. Details of 
said system have yet to  
be released, but 2024  
has been suggested as  
a potential introduction 
date. IndyCar has yet to 

announce the supplier of 
its hybrid system that is 
expected to debut in 
2023 along with a new 
2.4-liter V6 twin-turbo 
engine, with both Honda 
and Chevrolet in support 
due to the greater road 
relevance 
hybrid 
would 
bring.

BTCC

›The British Touring Car 
Championship will  

see the introduction of a 
Cosworth-supplied hybrid 
system in 2022. It was 
tasked with providing a 
lightweight, economical 
and effective hybrid 
system able to be fitted 
to all cars on the diverse 
grid. The hybrid will give 
drivers a 30kW boost for 
15 seconds per lap. Delta 
Motorsport, which was 
acquired by Cosworth 

in early 2021, 
developed the 60V 
battery, with the entire 
system controlled by 
Cosworth’s Antares 8 ECU, 
which manages the boost 
deployment, control 
strategies and 
cooling.

Extreme E

›The Spark-Williams 
combination found  

in Formula E also appears  
in the Extreme E series 
established by a group 
including the Formula E’s 
founder, Alejandro Agag. 

Williams provides the 
54kWh battery for each 
car, and a pair of electric 
motors, one front, one 
rear, provide a total 
combined output of 

250kW. The battery is 
designed to be field 
serviceable and doesn’t 
use liquid cooling, being 
pre-cooled prior to races, 
and relying on thermal 
inertia within the pack 
when running. <

IndyCar  
could see the 

introduction of 
hybrid systems  

in 2024

Rallycross

›Spanish specialist QEV 
Technologies and off-road 

racing team Olsbergs MSE 
teamed up to build the RX2e 
rallycross car for its 2021 
debut on the FIA World 
Rallycross Championship 
undercard. The identical 
250kW racers are powered  
by two independent electric 
motors connected to a 32kWh 
battery. Cascadia Motion’s 
PM150DZR inverters convert 
the battery power to the 
Magelec-developed motors. 
Next year WRX will go further 
in its electrification process 
with the arrival of RX1e as 
the new top category. Kreisel 

Electric is developing the 
powertrain, which will 
include twin 250kW motors 
on each axle and two 
inverters, from Integral 
Powertrain, and an in-house 
developed, immersion-
cooled battery rated 
at 52.65kWh.
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High energy 
PMW talks to Paul McNamara, technical director 
at Williams Advanced Engineering, to find out 
how motorsport is driving battery development 
WORDS BY LAWRENCE BUTCHER
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Though no longer majority owned by its parent 
Formula 1 team, UK-based Williams Advanced 
Engineering (WAE) is still extensively involved  
in a variety of motorsport projects. These include 
supplying battery systems to the Extreme E 

off-road championship as well as developing Formula E’s  
Gen 3 battery system. 

The association with racing, as technical director Paul 
McNamara explains, is integral to the company’s ethos.  
“We set up WAE as an offshoot of Formula 1 and inherited  
a lot of battery and electronics capability from that. Electric 
motorsport is a logical place for us to be and the thinking  
is that if we go for electric motorsport, that gives real-life 
experience and a halo effect, which pushes us in  
performance cars and beyond,” he says.  

WAE’s first high-profile EV motorsport program was the 
Gen 1 Formula E battery system, which debuted back in  
2014, and built on experience gained in F1 with KERS. Since 
then, the company has established itself as one of the go-to 
sources for series looking at electrification and as McNamara 
outlines, WAE’s approach to motorsport batteries has evolved 
as the available technology and demands of manufacturers 
have advanced. “Being involved with Formula E for the first 
four seasons, then the links with Jaguar [also in Formula E] 
and now doing the Gen 3 battery have been important. 
Extreme E is the next step on from that.” 

Given the rigors of its latest work with Extreme E – remote 
races in inhospitable climates and minimal access to 
infrastructure – the company has had to adopt a different 
battery philosophy to previous projects, where it has always 
been possible to factory service batteries. “We have always 
been quite passionate about the usability of electrification, 
because one of the problems with electric vehicles is that 

Above: WAE will  
be supplying the 
battery for IMSA’s 
upcoming hybrid 
system in the LMDh 
class. Developed  
in conjunction with 
Bosch and Xtrac, 
the system will 
deploy 200kW 
through the front 
axle only

WE SET UP WAE 
AS AN OFFSHOOT 
OF FORMULA 1 
AND INHERITED  
A LOT OF BATTERY 
AND ELECTRONICS 
CAPABILITY FROM 
THAT. ELECTRIC 
MOTORSPORT IS  
A LOGICAL PLACE 
FOR US TO BE”
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they are not as flexible as an IC engine,” muses McNamara. 
“You can’t carry around a can of electricity. Extreme E is 
starting to push those boundaries. We thought we couldn’t 
really bring through Formula E tech or other motorsport 
ideas. The driver was not just robustness, but being able to 
take the battery apart easily, everything had to be simple. A 
couple of technicians in a tent could take the thing apart.”

Real-world lessons 
Its involvement across a diverse range of projects means 
WAE now has the best part of a decade’s worth of data to 
inform its development activities. “Racing is actually a very 
good testbed, because it is a relatively controlled 
environment,” points out McNamara. “During those first four 
seasons of Formula E, we were getting a constant flow of 
data from the batteries. The reality was that in the first couple 
of years, we were doing quite a few repairs on the batteries, 
looking at them post-race, refurbishing them and putting 
them back in the cars for the next race.”

The main issues centered around the cooling system,  
the robustness of the joining methods used for the cells and 
minor leaks within the internal pack coolant circuits. All of 
these were logged, and engineers were able to leverage  
the data to prevent issues recurring. 

“An algorithm we developed took that information and 
used it to forecast when we needed to change something, 
based on the data we collected. That allowed us to develop  
a pre-emptive maintenance regime between races,”  
recalls McNamara.  

Mass efficiency 
The competitive nature of motorsport also provides an ideal 
environment to galvanize rapid development. “The other 
aspect [of motorsport involvement] has been learning where 

we can push the limits,” says McNamara, highlighting mass 
reduction of battery systems as an example. 

“With a battery, there is a lot of current going through  
bars of copper. We started to learn where we could use less 
[copper], by having a lower cross-sectional area for a given 
current, while balancing heat generated in the copper versus 
heat in the cell and the cooling system. From that we could 
also work out where we could have less cooling. All of that 
has driven down the weight of the packs.” 

He points out that only 60-70% of a motorsport battery 
pack’s mass is the cells, with the rest accounted for by 
ancillary parts: “It is the other stuff you can optimize. 
Obviously, the cells are getting better and better, but that  
is not our core tech; we take the cells and optimize the pack, 
making the weight and volume more efficient. That’s one  
of the most dramatic things from Gen 1 through Gen 3  
[in Formula E] – how the volume of the pack has come  
down while giving more power.”

 
Building blocks 
When developing batteries for new applications from scratch, 
WAE has a number of core designs it can draw upon. “We 
have three building blocks,” outlines McNamara. “The first  
is our Gen 1 module with 32 x 21700 form factor cells in it, 
which has been used in a number of programs, including 
currently in ETCR. There is quite a lot of technology involved 
in a module like that; you have to make it light, think about 
propagation of any thermal runaway, and manage the welding 
and process. One of the problems with these packs is you 

WHAT YOU HAVE IS A PACK THAT IS 
VERY EASY TO BREAK INTO ITS CONSTITUENT 
PARTS. THE COPPER, OTHER METALLICS AND 
CARBON FIBER CAN ALL BE RECYCLED 
NORMALLY, THEN YOU ARE BACK DOWN TO 
YOUR BASE CELLS”

Right: One of WAE’s 
current projects is 
supplying batteries 
to the new Extreme 
E electric off-road 
racing series
Below: Extreme E 
required a battery 
that was both 
rugged and field 
serviceable, which 
required a different 
approach from the 
WAE design team 
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have cylindrical cells, with thousands of welds, so you have to 
validate for production in what is really an off-the-shelf pack.” 

Moving up the scale is the so-called Supercell. “That is 
used in Extreme E and is a holder that houses a number of 
cells which can then be bolted together. That is the building 
block of the Extreme E battery and is an air-cooled unit,”  
says McNamara. “We then have what we call internally our 
generation 2 module, which is a big module with a bimetallic 
bus bar and thermal management through integrated cooling 
and its own controller. That forms one of the building blocks 
for various other projects.” 

Finally, the company has a pouch cell module, which is to 
be used in the Gen 3 Formula E battery. When it comes to  
cell technology, the application dictates not just the chemistry 
but also the cell type used, notes McNamara: “It is that 
balance between industrialization and outright efficiency. 
What are you trying to achieve? There are now factories 
producing cylindrical cells of good quality, but there are a 
number of pouch cell manufacturers that can give very 
bespoke chemistries so you can get better energy or power. 
You can sometimes get better power-to-weight ratios with 
pouch cells, not just because you don’t have the weight of  
the canning, but also in how you can package them to get  
an overall better application.” 

Physical testing 
In terms of development and validation of its various packs, 
WAE understandably leans heavily on virtual testing to 
ascertain the predicted limitation across the range of 

Above: The battery 
supply for ETCR 
needed a cost- 
effective solution;  
it harnesses the 
company’s Gen 1 
battery modules
Opposite: WAE’s 
first major electric 
motorsport project 
was battery supply 
for Formula E’s Gen 
1 cars. It is set to 
return to electric 
single seaters and 
supply the Gen 3  
FE field in 2022

conditions they will experience. “Its always the high 
temperatures that will prove the problem,” says McNamara, 
though ultimately physical validation is always required. “We 
have vibration rigs, thermal chambers; we will deliberately 
short circuit them, that sort of thing. The standard, UN38.3, 
has a series of tests which are relatively extreme, and we will 
run through those, but we also have some bespoke tests 
developed on the basis of what we simulate a car is likely to 
go through. We also look at the expected cycles and run them 
repeatedly though those. There will always be difficulties 
along the way and we will have to go back around the loop.” 

Finally, there is the issue of sustainability in electric racing 
to address. While it is all well and good being zero emissions, 
beyond a few platitudes about second life battery use, it is not 
a widely covered topic. However, for McNamara and WAE, it 
is a primary consideration for all of its products. 

“For us, everything we do in terms of sourcing is tightly 
controlled, making sure the various standards are met. 
Happily, in the case of Extreme E, the objectives of both 
recyclability and maintainability collide,” he explains.  
“What you have is a pack that is very easy to break into its 
constituent parts. The copper, other metallics and carbon 
fiber can all be recycled normally, then you are back down  
to your base cells, which can either be second lifed, or go  
off to be recycled to raw materials.” <

Upping the ante

›
One of the latest areas WAE is 
working on is mixing different cell 

chemistries within the same pack, in 
order to leverage both high energy 
and power density formulations. 
McNamara says, “This approach is 
particularly suitable for motorsport, 
as well as areas such as aviation and 
again, mining. Anywhere you have a 
big peak and then come back down, 
you deal with that using one cell type 
and storage with another.

“Fast charge is another area that 
all of our motorsport projects are 
starting to focus on. It is an issue  
out in the wider world and we believe 
motorsport can drive development,” 
he continues. While Extreme E 
already incorporates fast charging, 
Formula E does not, yet.

WAE also provides battery systems 
to the Pure ETCR touring car series, 
which, it is hoped, will roll out at a 
regional and national level in the 
coming years, meaning relatively  
low-cost powertrains are needed. 

“It is interesting, because it 
should end up as a large-volume 
market as it cascades down at a 
regional level, which gives people  
a lot of exposure to electric racing,” 
says McNamara. 

“It is a more mass-market type of 
approach and that is why the battery 
we supply is based on our Gen 1 
module, which is robust, and is 
manufacturable in quantity and  
suits that application. As the volume 
starts to go up, it should become 
more cost-effective.” 

I N T E R V I E W :  P A U L  M cc N A M A R A ,  W A E   4 7



Formula E has been  
a hotbed for the 
development of 
high-performance 
motors and inverters
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Advances in electric motor and inverter 
technology are providing motorsport 
engineers with increasingly powerful 
options in smaller and lighter packages 

WORDS BY LAWRENCE BUTCHER
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Previously the preserve of Formula 1 and the WEC, 
as cost decreases and desire for electrification 
increases, motorsport-specific electric and hybrid 

systems are now appearing in multiple categories. Suppliers 
can provide competitors with either bespoke or off-the-shelf 
designs; however, series are predominantly opting to instead 
mandate standardized systems in the name of cost control. 
Regardless of whether a spec or custom system is used, all 
feature three key components – traction motors, inverters  
and a battery system – the first two of which will be looked  
at in greater detail here.  

Speedy switching 
An inverter is an electrical device that converts electricity 
from a DC source such as a battery into AC, to drive a traction 
motor. The DC power is fed to the primary winding of a 
transformer in the inverter and using an electronic switch  
– which in the case of a modern hybrid powertrain will be a 
series of power semiconductors, generally either insulated 
gate bipolar transistors (IGBTs) or metal oxide semiconductor 
field effect transistors (MOSFETs). 

The electrical charge travels into the transformer’s primary 
winding, then abruptly reverses and flows back out, with this 
in-out flow producing an alternating current within the 
transformer’s secondary winding. The induced current flows  
to, and produces power from, the electric motor. Governing  
the torque delivery of the motor is a matter of precisely 
controlling the switching of the energy flow, which in the case  

Right: The radial 
flux motor and 
inverter system 
from Audi’s 2021 
Formula E car 
Below: Silicon 
carbide MOSFETs 
are now the go-to 
option for racing 
inverters

The software edge

›Beyond the simple hardware elements of the 
powertrain, software plays a vital role in the 

performance and efficiency of a vehicle. For 
example, in series that are energy limited, such 
as Formula E, severe sporting penalties can be 
applied if a car exceeds its power limits, even by 
a fraction of a percent. 

Software control of the various hardware 
elements is the key to being able to push as 
close to these limits as possible without 
exceeding them. As Craig Wilson, race director 
of the Jaguar Formula E team, explains, “Some of 
these penalties are for tiny little spikes, where 
for a millisecond, there is too much power being 
consumed by the motor. It’s a case of being able 
to optimize at the limits, but not go over them, 
for every second you’re on track. If you’re giving 

yourself headroom, that’s performance lost. It’s  
a software and also architecture challenge.” 

The same logic is applied across many other 
series, such as the WEC where the hybrid-
powered Hypercar class has similar limitations. 
In the case of Formula E, although powertrain 
architecture may have converged under the 
current rules, there are useful gains to be had 
from software and control optimization and this  
is an area of intense development for teams.

“IT’S A CASE OF BEING ABLE TO OPTIMIZE  
AT THE LIMITS, BUT NOT GO OVER THEM,  
FOR EVERY SECOND YOU’RE ON TRACK”
CRAIG WILSON, RACE DIRECTOR, JAGUAR FORMULA E TEAM

SiC MOSFETs 
switch faster 

than IGBTs and 
have lower 

losses INFINEON
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supplanted by SiC-based options. Initially, this was in  
the form of hybrid Si IGBTs, which also incorporated SiC 
components. For example, in season three of the Formula E 
championship, supplier Rohm, working in conjunction with  
the Venturi team, used a hybrid inverter design that paired  
an Si-based IGBT with SiC Schottky barrier diodes. The 
result was an inverter some 2kg lighter and nearly 30% 
smaller than the team’s season two system. 

However, with improvements in SiC-based MOSFETs, 
previously limited by their relatively low voltage tolerance, 
pure SiC devices are now more readily available and proving 
popular thanks to their greater speed potential and smaller 

volume. In the case of the aforementioned Venturi team, a 
switch to an SiC MOSFET-based system in 2017 netted  

a further 4kg weight saving and 30% size reduction, 
with a drop in switching losses of 75% compared 
with a conventional IGBT solution. 

Regardless of the inherent benefits provided by 
SiC-based devices, peak operation depends on  
their being packaged for best performance. One 
notable advantage of SiC over silicon is its greater 

thermal conductivity, and the proper cooling of 
components is vital to achieve maximum efficiency. 
For example, Marelli, working in conjunction  

with the German Fraunhofer Institute for Reliability and 
Microintegration, recently released details of an SiC-based 
inverter that features a structural design devoid of a base plate, 
reducing thermal resistance between the SiC components 
and coolant. The result is a claimed energy conversion 
efficiency of up to 99.5% coupled with a 50% reduction in 
both size and weight when compared with a conventionally 
cooled inverter. 

Above: The front 
MGU from Toyota’s 
TS050 LMP1 can 
deploy over 200kW

of most high-performance motors, needs to happen at  
a very high frequency. The process is reversed if energy 
recuperation under braking or throttle lift is implemented. 

For motorsport use, efficiency is king, both in terms of 
motor and inverter operation. As motor speeds increase 
(most Formula E powertrains, for example, now operate in 
excess of 30,000rpm) there is a need for high-speed 
switching capabilities, up to 75kHz, in order to maximize 
motor efficiency, while the thermal efficiency and losses of  
the inverter itself also need to be considered. Reducing  
heat rejection from the inverter not only benefits electrical 
efficiency, but also reduces the need for cooling provision, 
which in turn can be harnessed to reduce vehicle drag. 

In order to meet these demands, inverter manufacturers 
have turned to silicon carbide (SiC) power semiconductors, 
and there is also growing interest in gallium nitride-based 
(GaN) units. Both are wide-bandgap (WBG) materials, which 
references the energy difference in semiconductors found 
between the top of their valence band and the bottom of  
the conduction band. Having a WBG enables such devices  
to operate at higher voltages, temperatures and frequencies 
than traditional narrow-bandgap materials. 

Ten years ago, the only real solution for a high-power 
inverter was silicon-based IGBT; however, as power levels 
and operating speeds have increased, the switching speed 
and temperature constraints of Si devices have seen them 

Right: Electric motors 
and inverters are now 
available to suit many 
racing applications
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MOSFETs have 
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than older planar 
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GaN is only just starting to gain prominence  
as a suitable semiconductor material for power 
electronics. GaN is a WBG material, so it is 
capable of very high switching speeds and has 
a high breakdown voltage. It also has around 
50% lower losses (thanks to minimal reverse 
recovery charge) than SiC, making it an 
attractive option for high-performance  
motor drives. Currently, mainstream 
applications of GaN are limited to 
DC-DC converters, rather than 
traction motor drives. In this role, 
GaN-based converters are in widespread 
use in series such as Formula E, and the 
ETCR series uses GaN DC-DC converters 
supplied by French specialist BrightLoop. 

However, some manufacturers are actively 
investigating the use of devices such as GaN HEMTs  
(high electron mobility transistors) and FETs (field-effect 
transistors) for motor inverters. Marelli recently formed a 
partnership with GaN semiconductor developer Transphorm, 
and others such as Ricardo and ZF have struck similar 
agreements. Until recently, there were reliability concerns 
around GaN-based transistors, but these would seem to 
have now been overcome and adoption of GaN is likely to 
become more widespread in the near future. 

Bring the power
Alongside inverter technology, the capabilities of traction 
motors have increased massively in the past decade, with 
suppliers striving to produce designs with ever-greater power 
density; figures of up to 14kW/kg can be achieved with near 
off-the-shelf equipment. Traction motors all share two 
common components, a rotor and a stator. Normally, the 
rotor sits within the stator, but in some applications, such  
as certain in-wheel motor designs, an external rotor is used. 

For motorsport applications, permanent magnet 
synchronous motors (PMSM) rather than induction motors 
are the norm, although there is ongoing development of 
high-performance induction machines by some companies. 
PMSMs use a rotor constructed from permanent magnets 
either mounted on the surface of the rotor or internally. The 
former approach gives greater performance (due to the 
magnetic material’s proximity to the stator) but is harder to 
engineer for higher-rpm applications due to the challenges  
of securing the magnets. 

The interaction between the rotating magnetic field of the 
stator (made up of multiple coils, usually copper, which are 
energized) and the constant magnetic field of the rotor 
creates a torque reaction, causing the motor to rotate. The 
speed of the motor is controlled by changing the magnetic 
field of the stator via a variable frequency drive (the inverter). 

Two main motor architectures dominate the market, radial 
and axial flux, which are distinguished by the magnetic fields 
within the motors. As the names suggest, in a radial flux 
machine the magnetic flux runs radially in relation to the 
rotational axis, and in an axial flux machine it runs parallel  
to this axis. Both motor topographies have their advantages 
and disadvantages in certain applications, though it is only  
in the last decade that axial machines have become more 
widely available. 

Axial flux machines are also known as pancake motors,  
as they tend to have a greater diameter than their length;  
for radial flux units, the opposite is true. The mechanical 
advantage afforded by the axial flux design (where the 

magnets are mounted further from the 
rotational axis) means that, up to a point, 

they tend to have a greater power density 
potential than radial flux. The form factor 
also makes them ideal for packaging in 
P1 hybrid layouts where a motor needs 
to be mounted in-line with an engine 
and transmission. Axial flux machines do 
have some key limitations; for example, 
ensuring structural integrity in very 

high-rpm/high-power applications can 
be challenging due to the need to increase  

the rotor diameter. However, their ability to 
achieve excellent power density in a compact 

package has seen their adoption in a number 
of series. This includes ETCR, which uses axial 

flux motors from supplier Magelec that are capable 
of 300kW contiguous power and 500kW peak, which is 

used as a push-to-pass function. 
At their current state of development, radial flux machines 

pip axial flux technology when it comes to ultimate power  
and efficiency. For example, Formula E initially saw a range  
of both motor types deployed by teams, as engineers worked 
out the most efficient means to maximize energy usage. 
Some used the high torque output of axial flux to reduce the 
number of transmission ratios needed and thus frictional 
losses, while others deployed a greater number of gears with 
higher-rpm radial flux designs. However, advances in the 
latter’s design have seen their torque density grow along  
with operating speed, enabling their use with single-speed 
transmissions, for a more efficient overall drivetrain package. 
Now the entire field uses radial flux solutions, considered the 
most efficient approach under the current regulations. 

Beyond motor topography, a host of other factors dictate  
the achievable power density of a motor and, even more 
importantly, how long it can sustain high power outputs. 
These include the electromagnetic design, the magnetic 
material used, mechanical design elements such as the 
bearings and structural integrity of the rotor, and of utmost 
importance, cooling of the motor.

Above: A variety of 
suppliers produce 
off-the-shelf 
race-ready 
inverters
Below: Both axial 
flux and radial flux 
motors are used in 
racing, although 
for ultimate power 
density, radial flux 
units currently 
have the edge
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Material choices
Neodymium (NdFeB), a rare earth magnet and one of the 
strongest commercially available magnetic materials, remains 
a favored choice for high-power-density motor applications. 
It is, however, limited in its use by a relatively low resistance 
to temperature: above approximately 80°C it begins to lose 
performance, although different grades are available that can 
withstand higher temperatures. Motors using this material 
tend to also have very efficient cooling systems.  

Another solution is to use magnets made from less potent 
materials that have a higher temperature resistance. For 
example, both of the MGUs fitted to Porsche 919 LMP1 used 
samarium magnets, in the case of the exhaust-mounted 
MGU because of the extreme temperatures the motor 
experienced, and on the front unit to ensure reliability. 
Although the front motor would normally operate within  
the range of neodymium materials, were there to be an  
issue with the cooling system and given the role of the  
car as an endurance racer, Porsche wanted the ability to  
run at elevated temperatures. 

The stator material also plays an important role in 
performance, with both the type of material and thickness of 
the laminates coming into play (this applies across both axial 
and radial flux motors). It is notable that most regulations 
specify a minimum laminate thickness (0.1mm for F1,  
0.05mm in Formula E). Thinner laminates are better as 
they reduce eddy current losses, but they are also 
fiendishly expensive to produce. In terms of 
materials, cobalt steel is often used for 
ultimate performance, with the role of the 
material being to facilitate the flow of the 
magnetic flux. Cobalt steel has a higher 
magnetic saturation point than standard 
electrical steels, so its use reduces losses 
and increases torque density. 

Among the other features that dictate 
performance is the fill factor of the stator 
windings (the amount of wire that can be 
crammed into the slots – the more the 
better). Here, there is interesting work 
ongoing to produce additive-manufactured 
copper motor windings, which can circumvent 
some of the issues limiting the traditional 
wire-based approach, not least the time-
consuming production process. 

In the case of TU Bergakademie Freiburg’s Racetech 
Racing Team Formula Student Electric team, additive-
manufactured windings enabled the realization of an ideal 
geometry that maximized fill factor while ensuring even 
cooling across the stator, reducing hot spots.     

Cool headed
This leads to the subject of motor cooling, a perennial 
problem since the greatest heat concentrations within  
a motor tend to be in the most inaccessible areas. Liquid 
cooling is a must for most racing applications, and high-

performance motor manufacturers have devised a variety  
of proprietary solutions to get coolant to where it is needed. 

The heat rejection from an electric motor is much smaller 
than that of a similarly powered IC engine. A 200kW unit 
might reject only around 4kW, but if this is concentrated in  
the wrong area, it can still be an issue. A dedicated racing 
motor, for example, may have an air gap between stator  
and rotor of 0.5mm (the smaller the better for performance) 
and any heat concentration within that gap when the  
motor is under load can be decidedly problematic. 

Traditional approaches such as applying an indirect 
cooling jacket around the stator and relying on air cooling 

for the rotor are not sufficient in high-power-density 
applications. Instead, more advanced methods of 

cooling these parts are needed. For example, 
cooling channels can be incorporated within 

the stator itself or, in the case of the rotor, 
by channeling coolant through the rotor 
axle and into the rotor structure.  

Neither of these approaches is 
straightforward and various other 
elements of the motor, such as 
insulation around the windings, 

conspire against heat transfer out  
as the best electrical insulators form 

heat barriers. It is also possible to 
directly cool some areas of a motor, 

such as the stator, using dielectric fluid, 
an approach that Porsche has 
developed for its recently revealed 

Mission E concept. This requires a reliable 
sealing solution between the stator and rotor 

but also makes for very efficient cooling of the 
windings and, moreover, also facilitates the use of 

smaller stator slots, the end result being potential for  
a considerable increase in power density. 

Electric motor and inverter technology will doubtless 
continue to evolve at a considerable rate, with ever-greater 
power density achievable and currently prohibitively 
expensive solutions becoming more cost-effective. This will  
in turn see electrification become more viable at all levels of 
racing in the coming decade, with the caveat that batteries 
remain high-cost components and technical regulations  
are still relatively immature. <

The use of more 
direct cooling 

methods for motors 
 is key to greater 

power density 

Above: Additive-
manufactured 
stator windings 
have potential to 
reduce losses
Below: Integrated 
motor and inverter 
systems are ideal 
where packaging 
allows their use 
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Synthetic reality 
Bio and synthetic fuels are touted as a potential 
solution to the problem of IC engine emissions, but 
what actually are they and how can they be deployed 
to further motorsport’s sustainability agenda? 
WORDS BY GEMMA HATTON 
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T he reality is starting to set in that electrification  
is not the silver bullet for the world’s emissions 
challenges. When you consider the true carbon 
footprint of an electric vehicle’s entire lifecycle 
along with the necessary upheaval in the grid 

infrastructure, electrification alone is not a sustainable 
solution to meet global transport needs. 

“We absolutely need battery-electric vehicles and they  
will make a massive difference but we need more of them  
and as fast as possible,” says Steve Sapsford, managing 
director at SCE (Southern California Edison), a renewable 
energy specialist. He goes on to note, “The average vehicle  
life in Europe is around 11 years. Currently, we’re simply not 
renewing that fleet fast enough with electric vehicles. 
Therefore, we cannot rely on EVs alone to reduce our 
transport CO2 emissions. We need to stop debating about 
which is the better propulsion system because we need all  
of them to make a difference right now.”

An alternative that recently caught the attention of 
motorsport and the wider automotive industry is drop-in 
sustainable fuel. By replacing gasoline and diesel derived 
from fossil fuels, sustainable fuels utilize existing combustion 
engine technology and an infrastructure that has been 
optimized for liquid fuels over the last 160 years. But what 
makes a fuel sustainable and what are the differences 
between biofuels, advanced biofuels, synthetic fuels and  
the latest buzzword, e-fuels? 

A true sustainable fuel is one that does not add any 
additional carbon to the atmosphere. It is produced using 
recycled carbon, sourced from either biomass or directly  
out of the atmosphere. When it is burned, the amount of CO2  
it releases equates to the amount of CO2 that was originally 
absorbed by the plants from which it was derived through 
photosynthesis, or from industrial-scale direct air capture,  
in effect recycling the CO2. However, due to the variety of 
different feedstocks used, the processes involved and the 
sources of electricity powering those processes, there is 
some debate over which fuels are truly sustainable.  

Biofuels
The most common sustainable fuels in use today are 
traditional biofuels. These include bioethanol and biodiesel, 
which are currently blended with fossil fuels to create, for 

Main: From 2022 the 
Porsche Supercup 
will use an e-fuel 
sourced from a pilot 
project in Chile  

Synthetic reality 
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example, E5 petrol, which consists of up to 5% bioethanol and 
B7 diesel. Biofuels can be classed as either first generation, 
where they are formed directly from food crops, or second 
generation, where they are produced from agricultural biowaste.

“First-generation biofuels are probably considered to be  
a necessary evil at the moment but they are not sustainable,” 
explains David Richardson, business development director  
at fuel developer Coryton. “To use more biofuels, we’ll need  
to compete with land for food crops, which we’re already 
seeing short supplies of. What we want to do is replace that 
first-generation biofuel with a second-generation biofuel. In 
other words, instead of using the crop, we’re going to use the 
waste from that crop, so we’re not competing with anything.”

Second-generation biofuels still only use the CO2 already  
in the atmosphere, which has been absorbed in the growing 
phase of the crop. Lignocellulosic biomass such as forestry 
waste, agricultural residues and straw is first pretreated and 
then goes through an enzymatic hydrolysis process that 
converts enzymes into sugars. A variety of microorganisms 
then ferment these sugars into ethanol. 

This bioethanol can be added to fossil fuel-based gasoline 
as a blend to create fuels such as E5 (5% bio content) and E10  
(10% bio content). Unfortunately, only a small amount of pure 
bioethanol and biodiesel can be used in most vehicles 
because the ethanol content can cause problems with fuel 
systems and provides poor performance in engines running 
at lower temperatures. 

Advanced biofuels
Fortunately, bioethanol can be converted into biogasoline  
to create advanced biofuels to replace fossil fuel-based  
gasoline. This results in a 100% sustainable fuel (bioethanol  
+ biogasoline) that has no engine compatibility issues and  
is therefore a true drop-in. These are the sorts of fuels that  
the WRC and, soon, Formula 1, are turning to.  

“To use more second-generation biofuels, we have to  
take another step forward,” says Richardson. “We know  
we can’t use all the components in their current guise 
because technically they don’t perform in legacy engines  
or fueling systems. We need to utilize biowaste and do a bit 
more work to create a fuel that is a true drop-in and looks  
and behaves like a normal fossil fuel hydrocarbon.  We need  
to convert second-generation biofuels into advanced 
biogasolines and diesels.” 

To achieve this, bioethanol is first dehydrated down to  
ethylene and then ‘grown’ into longer-chain hydrocarbons 
using a zeolite catalyst at 300-400°C. This process removes 
the oxygen molecules and creates a mixture of hydrocarbons  
that is then fed into a distillation column. 

Here, the constituents with the lowest boiling points are 

Bioethanol is 
dehydrated into 
ethylene then 
‘grown’ into long 
chain hydrocarbons  
using a catalyst 

extracted from the top and those with the highest boiling 
points exit at the bottom. The lighter ‘cuts’ from this process 
are used to produce gasoline, while the heavier cuts, such  
as aromatic hydrocarbons, can be used in other industries 
including agriculture, chemicals and pharmaceuticals. “What 
we’ve effectively done is use existing infrastructure and 
processes to produce a gasoline but we’ve only used 
biowaste feedstocks,” summarizes Richardson. 

Synthetic fuels and e-fuels
There is another way to create sustainable fuel, which 
involves combining hydrogen with CO2 in a reverse water 
gas shift process. This forms a syngas that then goes through  
a Fischer-Tropsch-like process to form liquid hydrocarbons. 
However, variations in the production process mean these 
synthetic fuels are often not truly sustainable. The CO2 can 
come from a variety of sources such as biomass or direct  
air capture, but the hydrogen is typically derived from 
fossil-fueled processes. However, if renewable energy can 
 be used instead to create hydrogen through means such as 
electrolysis, the result is a fully sustainable e-fuel also known 
as a power-to-liquid fuel. 

“E-fuels rely entirely on having access to off-the-grid 
renewable electricity and that’s the problem,” says 
Richardson. “I’d argue that there are currently no facilities  
in the world capable of producing the volumes we need to  
go to mass market. Pilot plants are out there and producing  
up to 40,000 liters a year but that’s a drop in the ocean.”

The biggest challenge facing the industry today is the 
current lack of incentive to invest in developing e-fuels  
and the necessary infrastructure, because they are more 
expensive than fossil fuels. Consequently, the industry is  
at least 5-10 years away from having any meaningful e-fuels 
entering the market and over 30 years from a point where 
they could replace fossil fuel-based fuels completely. 

The short-term solution for motorsport is therefore  
to focus on advanced biofuels. These fully sustainable bio 
alternatives can be used in most current internal combustion 
engines and achieve greenhouse gas savings in excess of 
80% compared with fossil fuel equivalents (as per the fossil 

Above: 2022 will see 
the WRC switch to  
a bio/synthetic fuel 
blend in all classes  
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fuel comparator figure of 94g CO2eq/MJ which is defined in 
the European Renewable Energy Directive). 

“Today we can tackle captive fleets with advanced biofuels, 
and this is where motorsport is going to be a huge driver in 
the uptake of sustainable fuel technology,” explains Sapsford, 
continuing. “Most race series use between half a million and a 
million liters of fuel per season, which is in the sweet spot of 
the available quantities of advanced biofuels. This means that 
existing race series can reduce their greenhouse gases by 
around 80% by simply switching over to advanced biofuels.”

To evaluate the performance of advanced biofuels against 
fossil fuels, Coryton partnered with M-Sport and Cosworth  
to conduct a variety of engine tests. Second-generation 
advanced biogasoline was tested in a current 1.6-liter 
turbocharged WRC engine, a 2.3-liter Ford Ecoboost 
turbocharged engine and a high-speed 1.0-liter naturally 
aspirated Cosworth engine. There were some subtle 
performance differences between the fuels, which could  

Inset above: The 
Dakar Rally hopes 
to have all of its 
entrants running on 
green energy by the 
end of the decade
Above: Hydrogen 
and CO2 can be 
combined in a 
reverse water gas 
shift process to 
form usable liquid 
hydrocarbons 

E-FUELS RELY ENTIRELY ON HAVING ACCESS 
TO OFF-THE-GRID RENEWABLE ELECTRICITY, 

AND THAT’S THE PROBLEM”
DAVID RICHARDSON, BUSINESS DEVELOPMENT DIRECTOR, CORYTON

be explained by the relative octane quality. Otherwise, there 
was no fundamental difference in engine operation, the result 
being that these fuels were proved to be suitable as a direct 
replacement for fossil fuel-derived fuels in ICEs without the 
need for recalibration. 

Adoption
Formula 1 is the most visible series to have begun the 
adoption of sustainable fuels by regulating that 5.75% of 
current fuel needs to come from a bio source, although it  
has not specified that these have to be second-generation 
fuels. Teams are already looking for loopholes within the  
fuel regulations, which does not necessarily support the 
sustainability intent of the rules. 

“Formula 1 works on a fuel flow formula using a maximum 
flow rate of 100kg/h, so the requirement [of tems] is to use 
this allowance [5.75% bio content] to add the highest possible 
energy content,” explains Pat Symonds, chief technical officer 
at F1. “Consequently, everyone is using a synthetic [first-
generation] iso octane, which comes from a single source and 
is doing very little to advance the science. So for 2022 we’re 
making a change and going to replace the first-generation  
iso octane with 10% sustainable bioethanol. This is really  
a holding position until we move forward with a real, 
challenging and relevant target.”

With a new powertrain set for introduction in 2025, F1  
is currently exploring the potential opportunities of new 
regulations. Currently, F1 cars use 110kg of fuel with a lower 
heating value (LHV) of around 43MJ/kg. That equates to 
approximately 4.73GJ of energy or 1,300kWh per race. F1 is 
also considering dropping this to 800kWh and reducing the 
maximum fuel flow rate so that around 400kWh comes from 
the engine, with 400kWh supplied by the electrical systems. 
“Our target is to be net zero carbon as a sport by 2030. We 
think the hybrid engine combined with advanced sustainable 
fuels has an important role in decarbonizing the global 
transport sector,” notes Symonds. “We must remember  
that over 1.1 billion vehicles are powered by ICEs. We believe 
the solution to the ongoing environmental situation regarding 
mobility is going to be many parallel paths, not just one.”

A host of other series are also looking to adopt biofuels.  
For example, the World Rally Championship (WRC) is set to 
run on 100% sustainable fuel from 2022 onward.

It is becoming increasingly clear that the only way to 
reduce the carbon footprint of the transport sector is by 
pursing a variety of solutions. Some technologies will make  
a difference in 20 years’ time but others can make a difference 
today. Motorsport has a role to play pushing development. 

“It would be daft to say that electrification hasn’t got a  
role to play – it absolutely has,” asserts Richardson. “But for  
the last 160 years we’ve developed an infrastructure that is 
highly optimized for dealing with liquids. Instead of getting  
rid of this entirely and switching to electric, let’s continue to 
utilize it but use fuels that are generated from carbon already 
present in the atmosphere.“ <
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2021 TOGETHER AGAIN!  
PROFESSIONAL MOTORSPORT  
WORLD EXPO IS BACK!

BACK ON TRACK

Show preview Register online 

to receive your 

FREE FastTrack 

entry code! 

 See major industry suppliers and some of 
the most exciting startups and innovators 

under one roof this autumn, and discover the 
latest developments in powertrain, chassis, 
performance enhancement, data and electronics, 
and driver safety and comfort. New partners and 
business opportunities await, and there are 
dedicated meeting areas available upon request. 

Turn the page to see just some of the 
innovations and new product launches expected 
at this year’s expo at Köln Messe in Cologne, 
Germany, on November 10, 11 and 12. Visit  
the website to register for FREE entry.

Tony Robinson, founder, 
Professional MotorSport  
World Expo

Sponsor
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New ECUs
›

DTAFast is delighted to announce the release of  
its new T-Series ECUs. Building on the reliability  

and usability of the S-Series ECUs, the T-Series  
adds new features such as Bosch onboard wideband  
lambda control, onboard fly-by-wire and onboard  
knock control.

The company’s highly regarded motorsport features 
are all available, including closed-loop flat shift, launch 
control, traction control, datalogging and much more.

Built from the ground up using automotive-specific 
microcontrollers, the new T-Series ECUs offer the 
highest precision control of ignition and injection, 
with unrivaled accuracy. Map tables can be sized  
from 10x10 to 30x30 and input/output assignments  
are fully configurable.

The T-Series ECUs are configured with new, more 
user-friendly software. Written from scratch, the 
software also comes with a responsive design that 
allows for better readability on high-DPI displays,  
as well as large displays with large scaling factors.

The entire range of T-Series ECUs is highly water 
resistant, including the entry-level T2 and the ignition-
only T2i units.

DTAFast’s roots are in club-level motorsport. It 
will always strive to keep adding features from  
more advanced ECUs and making them available for 
customers. The company’s aim is always to keep the 
ECUs as simple to understand and use as possible.
DTAFast
Booth 3000 

New high-performance 
e-axle
›

Hewland is excited to 
announce, in partnership 

with Integral Powertrain, the 
release of a new high-
performance e-axle. The HEA-
200 incorporates the very latest 
IPT motor, the CTSM242, with 
leading power and torque 
density producing up to 400kW 
and 520Nm. The motor 
integrates seamlessly within a 
compact aluminum or magnesium 
casing, housing a two-stage epicyclic 
reduction ratio gearbox coupled with  
a differential. This unique configuration 
allows the motor to spin at speeds up 
to 15,000rpm, maximizing the 
performance and efficiency, delivering 
up to 4,500Nm at the wheels.

Utilizing state-of-the-art gear design 
and manufacturing technology along 

with the latest oil analysis and casing 
optimization software suites, the e-axle 
boasts an unrivaled performance 
versus weight while maintaining 
optimal NVH. A range of ratio options 
up to 10:1 and various differentials 
provide the flexibility for a wide range  
of applications.
Hewland
Booth 4050

Web-based  
dynamometer software
›

Mustang Dynamometer introduces 
its new web-based dynamometer 

software to the tuning industry – the 
Hole Shot web-based interface for 
dynos. Web-based user interfaces 
(UI) mean the user is completely 
untethered from a specific device or 
operating system (OS). Users can log 
into their controller from any OS with 
any device and from anywhere on the 
premises within range of the server’s 
wireless service. The system 
supports Android, Windows, Linux 
and iOS. 

The system uses the most 
advanced coding techniques for  

web applications including Angular 
JS. System updates are pushed to all 
platforms via the internet so users 
always use the most up-to-date 
version of the platform. Mustang 
currently offers worldwide seven-
day-a-week support. 
Mustang Dynamometer
Booth 2074

Wireless rally helmet
›

Stilo is excited to introduce the 
new WRC Venti Zero helmet: an 

evolution in the helmet world and 
part of the Stilo Wireless family. 

Twenty years after the launch of 
Stilo’s iconic WRC helmet with its 
fixed microphone boom, the WRC 
Venti has had a design change, 
further improving this popular rally 
helmet, with its reputation for being 
safe, light and functional.

Featuring top air cooling, a  
revised peak design, updated  
noise canceling and a compact and 
recessed side port, the WRC Venti  
is sure to lead drivers to success.

All-new carbon shells come with 
Puro technology. Puro technology 
was developed for the Stilo Zero 
8860 top-level helmets and is now 
available on all helmets in the carbon 
line. The unique technology 

eliminates the need for a final,  
clear coat layer, saving weight.

Also, the Venti WRC helmet has  
a completely wireless professional 
intercom system. The Stilo DG 
WL-10 Wireless intercom helmet key 
plugs directly into the comm port of 
the Venti helmet while the control 
unit is installed inside the car.
Stilo
Booth 7046
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Small, light, powerful converters
›A combination of the most advanced 

technologies along with broad expertise in 
power electronics has allowed BrightLoop to 
develop the smallest, lightest and most 
powerful DC-DC converters on the market with 
3kW/kg power density. The Performance 
DC-DC product line includes five converters 
(two LV<->LV and three HV<->LV) ranging 
from 1.7kW to 10kW and designed for harsh 
environments. Leveraging GaN and SiC 
technologies, these converters are around half 
the size and weight of BrightLoop’s previous-
generation DC-DC converters released just 
three years ago.

BrightLoop’s DC-DC converters are used in 
the most high-performing hybrid and electric 
series, such as Formula 1, Formula E, Extreme E, 
etc. A converter’s function is to power the 
low-voltage electronics, including pumps, 
lighting and radio. Thanks to a very innovative 
architecture, great versatility is provided, 
allowing easy setup of multiple output voltages. 
Different voltages can be used for the loads, 
paving the way for advanced multivoltage 
architectures such as 12-48V. The high number 
of possible outputs (up to eight) allows power 

distribution functions to be realized by the 
DC-DC converter, without the need for  
other equipment. It also features full reversibility, 
opening the possibilities for advanced functions 
such as active pre-charge of HV bus.

BrightLoop’s converters go beyond the  
main function of power conversion and include 
extensive CAN remote monitoring and software-
settable output voltage and current. The 
Performance DC-DC converters are ready  
for the challenges of motorsport and extreme 
vehicles including supercars, e-boats and 
eVTOLs.
BrightLoop Converters
Booth 6052

8K racing 
simulator  
with 3D 
glasses
›As a manufacturer of professional racing 

simulators, Elektra X brings to the market  
its unique training system with data telemetry  
– now in its world premiere with 8K 3D glasses, 
which visitors will be able to try out at 
Professional MotorSport World Expo 2021.

Elektra X2 Xtreme is the perfect racing 
simulator, offering a training platform for 
Formula, GT or Rally driving. It simulates a 
realistic race car driving experience, under all 
possible conditions, on the international track  
of your choice.

Customers use a professional steering wheel 
with interactive display, tailored to the most 
rigorous requirements. The steering wheel 
calculates movement response 50,000 times 
per second, guaranteeing the lowest latency 
and most accurate motion reproduction. The 
steering wheel can handle up to 13Nm of torque. 

Push the pedal to the metal. Elektra X is 
equipped with fully adjustable and positionable 
pedals. They are cut from the finest stainless 

steel with laser precision and can simulate  
the same forces as those in a real car. Their 
precision and accuracy on the track is ensured 
by specially developed pressure sensors. 
Customize them as you see fit.

The FIA-certified EVO carbon racing seat 
perfects the racing simulator by allowing users 
the freedom to adjust to Formula or GT. The 
unique system of fixed fastening rear Sparco 
seatbelts accurately simulates the pressure on 
the racer during braking.

The fidelity of the virtual car’s behavior, with 
its sophisticated system of control and loss of 
rear traction, replicates the instantaneous feel  
of balance. All of this is thanks to the use of 
electronically controlled shock absorbers and 
piston arm with the update frequency of 250 
motion updates per second. As you drive, you 
will feel the same motion and response you 
would in a real race car.
Elektra X
Booth 3080

High-end 
rotary boom 
›At Professional MotorSport World 

Expo 2021, Caseliner will introduce 
its Rotary Boom Carbon CB400. It  
has a double rotating arm, which is 
required in WEC, ELMS and Asian LMS 
competitions. The telescopic arm can 
offer complete coverage for the fastest 
pit stop with a stylish, lightweight and 
high-tech design. The peak 
performance of carbon elements is 
combined with CNC technology of  
all aluminum parts. The boom has  
the highest quality of machining, is 
lightweight and is very compact in  
size for easy transport. 

Caseliner offers another version  
with a single carbon arm, the CB200. 
Another option is the bestselling 
stainless-steel Rotary Boom IB100, 
which can add another arm. 

All products use high-tech rotary 
motion transmission. Thus these  
booms achieve a high-precision air 
transmission for use with a Paoli 
mechanical tightening gun. Used in 
combination with Paoli’s technology, 
customers can achieve excellent results 
at the pit stop. Caseliner booms are 
very popular in the WEC, GT Challenge, 
DTM, ELMS, British GT, Australia GT 
and Japan GT series. 
Caseliner
Booth 7023 
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High-performance  
natural-fiber composites
›In the realm of motorsport, 

sustainability is all too often 
considered a hindrance or compromise 
– something that will detract from 
maximum possible performance or  
add substantial cost. Now though, 
sustainable lightweighting company 
Bcomp has developed natural-fiber 
technologies that offer equivalent 
performance to carbon fiber while 
cutting material cost by 30% and 
cradle-to-gate CO2 emissions by 75%.

Bcomp’s technologies – branded 
ampliTex and powerRibs – harness the 
natural mechanical properties of flax 
fibers, a low-maintenance and resistant 
crop that is indigenous to Europe. The 
company is turning these fibers into 
high-performance composites for a 
host of advanced applications from 
motorsport bodywork and seats to 
satellite panels for the European Space 
Agency. Teams in Formula 1, Formula E, 
Extreme E and Porsche Motorsport’s 
GT4 program have already adopted 
Bcomp composite solutions. These are 
also being used in the eSkootr Scooter 
Championship (eSC) – a race series that 
centers around high-performance 
e-mobility.

Alongside low weight, emissions  
and cost, Bcomp’s technologies offer 
additional advantages over traditional 
motorsport composites, like 250% 
better vibration damping and – 
importantly – improved crash behavior. 
Unlike carbon fiber, which fractures and 
splinters on failure, Bcomp’s 
composites remain in one piece and 
have a ductile failure mode. This is well 
suited to motorsport applications where 
the safety of drivers, pit crew, marshals 
and spectators is a priority.
Bcomp
Booth 5062 

Three new products
›EEC Performance Systems will 

be showcasing new products in 
addition to its award-winning f-POD 
Intelligent Race Fuel Bowsers and 
Wi-POD Intelligent Wireless Corner 
Weight Scales, which are used by 
top-level motorsport teams 
worldwide. The new products on 
show include E-POD Endurance Rig 
Scales, the E-POD Intelligent Fuel 
Timer and the E-POD Wireless 
Endurance Fuel Rig System.

EEC Performance Systems 
identified the need for a purpose-
built fuel rig scale, designed as an 
alternative to the adapted parcel 
scales currently available from most 
rig manufacturers. The E-POD 
Endurance Rig Scale is designed to 
fit, without modifications, most fuel 
rig tanks on the market including 
ATL, Caseliner and Premier.

Designed with simplicity in mind, 
the new E-POD Intelligent Fuel Timer 
is easy to operate, allowing users to 

read and review previous stored 
times. The operation of the timer  
is totally automatic, starting and 
stopping on connection and 
disconnection of the fuel nozzle

The E-POD Wireless Endurance 
Fuel Rig System is a completely 
wireless endurance fuel rig 
monitoring and logging system.  
The system, with its 15in full-color 
touchscreen, is designed to be 
mounted into the garage walling, 
adjacent to the fuel rig. It is modular, 
with inputs for fuel weight, fuel time 
and fuel and air temperature. All data 
is stored in the system’s memory and 
can be viewed remotely on any PC or 
portable device in the same VPN.

EEC Performance Systems can 
adapt a team’s existing rig scales  
to wireless so they can work 
with this system. 
EEC Performance 
Systems
Booth 1050

3D-printed 
turbocharger 
demonstrator 
›Speed is crucial in motorsports, not only on the 

racetrack, but also in product development. GF 
Casting Solutions offers rapid prototyping, spare  
parts on demand and short lead times for 3D-printed 
components, plus support from the first design concept 
to the end product. 

Additive manufacturing offers unlimited possibilities  
in terms of design, speed and production processes.  
GF Casting Solutions offers serial production of big 
components with complex forms and functional 
integration – even for motorsport solutions, thanks to 
printing spaces of up to 500 x 500 x 500mm as well as 
certified in-house post-processing.

The new 3D-printed turbocharger demonstrator is 
made from Inconel 718 material, with a density of 8.2g/
cm3, weight of 19.5kg and volume of 2,373.5cm3.

The turbocharger demonstrator boasts a great 
freedom in design options, including a focus on part 
functionality: extreme shapes can be printed, such as 
hollow structures, unique double-wall construction 
designs, or very thin walls; additionally there is 
topological optimization and the possibility to integrate  
a lattice structure. Increased thermal insulation ensures 
effective operation of the turbocharger and performance 
is further optimized with increased air flow through the 
cylinders’ combustion chamber to augment the engine 
power output.
GF Casting Solutions
Booth 5064 
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Hub stands and 
alignment system
›

Irmler has developed and 
designed the Setting One/Easy  

Setup toe and camber measurement 
system. Provisionally designed by 
Stefan Kissling for TCR, Irmler has 
optimized the system and gotten  
it to work for old, classic touring  
cars and more, including Formula 
and GT cars.

In motorsport, the driving time is 
influenced in part by the talent of the 
driver, but also by perfect technology. 
The toe and camber values must be 
measured precisely as part of the 
setup adjustments. With this system, 
the axles can be aligned on-site; this 
allows you to respond to finer points 
such as changes in weather, the 

driving style of the race driver or  
the racetrack asphalt.

The sturdy, CNC-produced 
measurement system measures the 
toe and camber settings of all classic 
touring cars, current GT vehicles and 
current TCR vehicles quickly and 
precisely without affecting the rim 
and wheel geometry, no matter 
where you are. In this way, axle 
alignment, chassis adjustments and 
the necessary camber and toe 
adjustments are made possible in 
your own workshop, at the racetrack 
or during the training break. Any 
racing setup is quick and flexible.
Irmler
Booth 3024

Engineering 
expertise
›

For over three decades, McLaren Applied has continued 
to set new standards in high-performance motorsport 

solutions for the world’s most prestigious series including F1, 
FE, NASCAR, IndyCar and many others. Its team of experts 
are dedicated to developing high- and low-voltage 
electronic systems, and pioneering software to deliver 
quantifiable performance advantage for teams and drivers.

“Our motorsport heritage gives us a unique insight into 
efficiency and optimization,” explains Matthias Dank, 
motorsport director. “We provide solutions to motorsport 
series that help them become more sustainable and 
efficient, including driving the transition to carbon neutral 
and the adoption of electrification. We are uniquely placed 
to support new motorsport initiatives, and to help existing 
series achieve the goal of being carbon neutral by 2030.”

As an official sponsor of Professional MotorSport World 
Expo, McLaren Applied will have an exclusive business 
lounge and meeting area at the heart of show, where its 
senior management will be on hand to discuss the needs 
of manufacturers, teams and suppliers. 

The company specializes in unlocking the transformative 
power of data via advanced real-time control systems, the 
latest simulation techniques and its own innovative data 
platform, to derive clear and robust insights that help its 
partners better understand complex environments, optimize 
decision making and reduce development time.

It also has a proven track record in engineering high-
performance components that are accelerating the 
transition to electrification, providing specialist products 
with a power density that is second to none. 
McLaren Applied
Booth 3046

Investments  
into the future
›

Precision Technologies International Limited 
is pleased to welcome Langstone Engineering 

Limited into the Gearing Up Limited group. 
Langstone Engineering Limited is based in 
Portsmouth, UK, and has over 20 years of 
experience in mold tools, precision engineering 
and design. Specializing in five-axis machining 
with a team of 45 engineers, Langstone serves 
the motorsport, aerospace and marine sectors.

Precision Technologies continued to invest 
despite the global pandemic. Having acquired the 
Höfler Viper 500K, the first gear grinding machine 
of its type in the UK, Precision Technologies is 
able to grind gears to an extremely high accuracy 
and produce the complex microgeometry often 
used in electric vehicle transmissions. This sets 
Precision Technologies at the forefront of high-precision 
gear production, from one-off prototype gears through to 
low-volume production – and always at a high accuracy.

In addition, Precision Technologies has recently taken 
ownership of the latest CNC precision measuring center. 
Arguably the best machine in the world, the Klingelnberg  
P 65 gives support and verification to its production staff 
and, importantly, to its customers. 
Precision Technologies
Booth 6060
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New range of  
turbocharger 
solutions
›

Van Der Lee Turbo Systems offers high-end technical 
solutions in matching, design, development, testing and 

manufacturing of turbo systems. As a preferred supplier for 
LMP1, Formula 2 and International Touring Car and Rally 
class race teams, the company has in-depth knowledge of  
all different race classes, regulations and requirements. The 
knowledge and experience needed to deliver turbo systems 
for works motorsport, single-make series and club sport 
national series varies per class.

At PMW Expo 2021, Van Der Lee Turbo Systems will 
present its latest range of high-end and cost-effective 
turbocharger solutions for motorsport applications. These 
have been designed with the latest compressor and turbine 
geometries, are lightweight, can handle high temperatures, 
and all manufacturing is supported by the automotive quality 
management system.

The range will support applications from 200hp to 800hp 
per turbo fit for 1.6-liter to 4.0-liter single and twin-turbo 
engines. There are turbocharger options of non- and 
integrated waste gate systems. Integrated waste-gated 
systems can be fitted with pneumatic and electric actuators. 
There are also turbocharger options for journal bearing and 
ball bearing systems.
Van Der Lee Turbo Systems
Booth 2030

Electrical motors  
up to 60V
›Since 1996, XAP Technology  

has designed, manufactured  
and maintained innovative  
products for the racing industry. 
Most international championships 
(Formula E, Formula 2, Formula 3, 
Rally, LMP3, etc) use at least one  
of its products. This year, XAP 
Technology started to design and 
manufacture electrical motors up  

to 60V, allowing hybridization of 
existing systems. It completes the 
global system architecture that XAP 
Technology provides to customers.

XAP Technology says it is  
honored to present its new-
generation technologies for the  
2022 Formula E and Formula 2 
championships at PMW Expo 2021. 
The company specializes in drivers 
and system machine interfaces, 
power distribution and electrical 
modules, gearbox actuators, 
air-conditioning and electrical  
and powertrain solutions.

XAP Technology manages 90%  
of its production internally for an 
optimal design and complete chain 
control. All XAP Technology products 
pass through the firm’s engineering 
department, melding its own 
mechanical, electrical, electronic  
and software abilities. 
XAP Technology
Booth 2024

Racing coolant improves 
heat transfer away from 
cylinder heads
›VP Racing developed Stay Frosty 

Race Ready as a proprietary 
racing coolant. It is formulated for 
high-compression, high-heat racing 
engines, and the racing coolant 
contains a specialized blend of  
heat transfer agents that drastically 
improves the coolant’s ability to 
transfer heat away from high-
temperature cylinder heads. This 
both increases the density of the air/
fuel mix and allows ignition timing to 
be safely advanced without the 
threat of detonation. Consequently, 
cars get more power and torque.

Stay Frosty Race Ready reduces 
cylinder head temperatures by an 
average of 62°C as compared with 
waterless engine coolant. It also 
reduces engine cylinder head 

temperatures by an average of 43°C  
as compared with a usual 50/50 mix. 

The waterless engine coolant is 
composed of 100% glycol while Stay 
Frosty is a 100% water-based 
formula; water transfers about twice 
the heat glycol does. The viscosity of 
glycol is 10 times higher than water; 
the viscosity of a 50/50 mix is three 
to six times higher than water. High 
coolant viscosity 
reduces flow rate, 
which further 
elevates 
temperatures 
unless a high-flow 
water pump is 
installed.
VP Racing Fuels
Booth 7038

Face any racing 
challenge
›

Rotronics has been a key player in the vehicle, engine and 
component testing facilities fields since 1991. Based in 

France, it designs, manufactures and delivers chassis dynos, 
hub dynos and engine test benches for R&D, racing, engine 
optimization and end-of-line testing. 

A trusted partner, Rotronics designs, manufactures and 
provides after-sales on all of its solutions; Rotronics products 
are already known for their adaptability, repeatability and 
performance level, and customers include automotive OEMs, 
suppliers, racing teams and universities. From engine 
optimization to endurance testing, Rotronics’ products can be 
used out of the box or can be tailor-made to customer needs. 

One of Rotronics’ top technologies, the AutoScan dyno,  
is capable of reaching 400km/h with unbowed traction due  
to its single roller design and has perfect synchronization at 
any speed.

Rotronics offers a  
wide range of products 
for the motorsport 
industry. Rotronics 
provides everything  
you need to face new 
racing challenges  
with standard, hybrid  
or electrical motors.
Rotronics
Booth 3064
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Hybrid steering pump

›Sportech Engineering, a supplier of 
motorsport and high-performance 

vehicles’ power steering systems, will 
exhibit a new compact electrohydraulic 
steering pump. This innovative unit can 
be considered a hybrid pump as it can 
be driven both mechanically and by a 
12V electric motor. This feature ensures 
power assistance of hybrid cars both 
when the IC engine is on (mechanical 
drive) and when it is off (electric drive). 
The four-quadrant motor can be 
controlled by a CAN and it drives the 

pump and the regeneration circuit. 
Thanks to the CAN communication,  
all internal parameters and status 
information can be logged, and 
integration with the car system is  
thus complete.

This hybrid pump stands up to the 
power assistance requirements of even  
the most demanding applications, such 
as rough gravel WRC rallies, cross-
country rallies, World Rallycross and 
other extreme environments.

The system was originally designed 
to suit the 2022 hybrid WRC regulations 
requiring the car to run both in IC and 
full EV mode, but its efficiency and 
special features (mechanical drive, 
electric drive, hybrid drive and 
regeneration mode) will be of interest 
across a wide range of applications  
from hypercars to circuit racing to  
rough off-road usage.
Sportech Engineering
Booth 3044

New temperature sensor, 
keypads and more
›Variohm Eurosensor is excited  

to take part in this year’s PMW 
Expo, as the company has several 
new products to present to the 
motorsport world. There is a new 
temperature sensor, the ETP-MO. 
This sensor has been designed for 
demanding temperature 
measurement tasks. The probe is 
designed to withstand shock and 
vibration due to a robust overall 
construction. The materials are oil 
and fuel resistant, for use in typical 
mobile applications across a wide 
environmental temperature range. 

Other new products for motorsport 
and mobile vehicle applications are 
the R2 Rotary Position Sensor, the S 
Series Magnetic Speed Sensor and 
the K9 Series Geartooth Sensor. The 
R2 is a cost-effective device that 
accurately determines the absolute 

positions of rotating shafts, can be 
configured for analog or PWM output 
and is programmable for sensing 
angles between 0° and 360°. A 
non-contact device in a rugged, 
reinforced nylon housing, the R2  
is ideally suited for demanding 
applications. The S Series is a 
magnetic and Hall effect sensor 
capable of reading speeds from 
0-100kHz. The K9 has high-speed 
operation (15kHz) and a working 
temperature from -40°C to +125°C.
Variohm Eurosensor
Booth 2048

New line of  
forged wheels 
›EVO Corse takes a further step forward with its line 

of forged wheels, designed for the most extreme 
competitions. The well-known cast products of the 
Italian brand now have their own forged versions in 
aircraft alloy, opening the doors to a new audience. 

The quality, lightness and resistance that characterize 
all EVO Corse wheels are brought to the highest level 
thanks to the forging technique: 8,000-ton presses 
combined with the most advanced machining centers.

This is a technical and custom-made product, able to 
meet the requirements of the most demanding 
customers and to change the game on the racing field. 

Circuits and track days are the perfect occasions to 
test the potential of these rims, but they are not the only 
ones; even road and off-road cars can benefit from a 
product of this type, thanks to features such as the 
increased load index without growth in terms of weight, 
the driving precision enabled by the full CNC high-
quality machining and the safety feeling created by  
a tailor-made product. 

The EVO Corse line of forged wheels is currently 
available in 18in, 19in and 20in, with a wide range of 
widths and can be adapted to any car model.
Seido DE Srl / EVO Corse
Booth 3030

REGISTER ONLINE NOW FOR 
YOUR FREE PASS! 

www.pmw-expo.com

At UKi Media & Events we are dedicated to delivering 
world-leading international events for our exhibitors, 
sponsors, speakers and attendees. We continue to monitor 
developments with Covid-19 and will closely follow public 
health guidance. We will keep this information updated on 
our website.

Wear a face mask at your discretion, unless it’s mandatory. 
No one anywhere should feel reluctant to make their 
own choice about whether or not to wear a face 
mask, which may prevent transmission of and 
infection from the virus. 
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The evolution of motorsport 
is multifaceted. Audiences 

crave ever-closer wheel-to-wheel 
action, overtaking maneuvers and 
a visceral spectator experience, 
while manufacturers and teams 
constantly strive to achieve more 
technological advancement.

For Unico, which develops 
high-performance drives for test 
system applications, its role is to 
assist system integration partners 
and race teams to deliver that 
advancement. Each component  
of a race car is critical to being 
competitive on the track. 

To ensure these are up to the 
task, Unico has produced a highly 
diverse array of systems used for 
testing engines, MGUs and 

at up to 5MW, 30,000Nm housed  
in either air-cooled or water-
cooled enclosures.

Meanwhile, testing motorsport 
transmissions might require a 
two- or four-wheel-drive testing 
rig, featuring a combination of 
electric and combustion engine 
inputs. Unico’s drive systems act  
as a surrogate race engine or 
motor in this application and the 
company claims to be a world 
leader in torque pulse simulation 
technology. Its engine simulator 
locks the torque pulsations to the 
shaft position in order to closely 
replicate the operation of an 
internal combustion engine. 

Using inputs based on actual 
engine data, engineers can build 
highly complex and accurate 
simulations. Furthermore, the 
torque profile can be modified 
dynamically to reflect changes 
that occur with engine speed  
and throttle position (torque). 

Combining a Unico engine 
simulator with its dynamometers 
enables the creation of a complete 

TEST RIG 
DRIVES
Whether developing internal combustion engines, electric 
motors or tire testing rigs, the demands of motorsport mean 
high-quality drive systems are a must for any race team

traction motors, transmissions, 
g-force simulation rigs and tires. 

Dyno demands  
The ability to run full race profiles 
with sophisticated dynamometer 
testing rigs is now considered vital 
for any team serious about being 
competitive. As racing powertrains 
transition to fully electric, Unico’s 
drive systems have also evolved to 
offer technology for dynamometer 
testing of ultra-high-speed racing 
electric motors, capable of running 
up to 30,000rpm. With an eye to 
sustainability, the company is also 
well positioned to enable teams to 
meet their performance goals with 
highly efficient dynamometers 
with active drive systems rated  

Above: Drives using silicon carbide 
MOSFETs are some of Unico’s latest 
offerings, capable of high slew rates 
with no overshoot and ideal for tasks 
such as e-motor and traction inverter 
testing and calibration
Below: The company’s drive systems 
are used by a large number of racing 
powertrain and chassis developers 
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Left: Battery system 
emulators are a vital 
tool for the testing of  
EV drives without a 
battery installed 

transmission and axle testing rig 
solution for teams. 

The company has also provided 
multi-axis drive systems for testing 
rigs that precisely twist and tilt 
powertrain components, such as 
an engine and transmission, to 
replicate the g-forces seen in 
high-speed corners. This in turn 
enables engineers to see how 
g-forces impact coolant and 
lubrication flows. 

Electric age  
Motor generator units (MGUs) are 
now an important consideration 
as electric and hybrid motorsport 
becomes more mainstream. To 
this end Unico now provides drive 
systems for testing these systems, 
allowing engineers to emulate or 
simulate energy flow to and from 
the MGU. Race engineers can use 
this information for quality testing 
components from suppliers, or for 
in-house MGU development and 
validation testing. 

A growing abundance of fully 
electric racing programs has also 
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created a plethora of requirements 
for electric powertrain testing and 
development, including work on 
batteries, inverters and electric 
motors. In this newly emerging 
area, Unico has already provided 
battery emulator (or simulator) 
drive systems for development 
programs. These are supplied as 
standard with programmable 
voltage and current controls for 
resistance simulation, so race 
engineers can quickly test and 
view the impact of hundreds of 
battery designs on powertrain 
performance. 

The addition of a programmable 
slew rate means engineers can 
precisely regulate the response  
to a change in both the requested 
output and changes in the load.

 Additionally, with a full filtered 
output, systems can be designed 
with minimal current and voltage 
ripple – typical ripple is normally 
less than 1%.

Unico notes that its battery 
cycler is ideal for testing race 
batteries to replicate racetrack 

profiles of charging, discharging, 
periods of high current draw and 
recharge, energy regeneration and 
battery degradation. Engineers 
can also program simulated load 
resistance and upload custom 
testing profiles. The drive system 
uses silicon IGBTs to produce high 
slew rates, with no overshoot and 
zero crossing delay. (Unico notes 
its silicon carbide MOSFET drive 
systems are launching soon.) A 
common DC bus architecture 
allows for add-on dynamometer 
controls sections as well as a 
highly efficient, fully regenerative 
current source and sink capability.  

Tire challenges  
Tire selection is a critical part of 
race day strategy. Behind that 
strategy are tire manufacturers 
that are dedicated to producing 
tires and for which Unico has 
provided high-performance drive 
systems for tire testing rigs. 

These comprise drives that 
control systems such as the 
conveyors used to simulate the 

roadway, in addition to drives that 
control the motor used to rotate 
the tire and wheel assembly. 

This combination of multi-axis 
drive systems enables ultra-quiet 
operation, ideal for applications 
including NVH testing (both in the 
context of tires and other vehicle 
systems), and the company’s 
experience working alongside 
integration partners has seen 
Unico participate in multiple 
world-class tire development 
programs. Unico has been 
developing application-specific 
solutions since 1967 and its design 
philosophy offers race teams and 
integration partners the benefits 
of high performance, low risk, 
flexibility, scalability, short 
development cycles and well-
defined project timelines <
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In these times of climate 
change, the EU Green Deal 

and the Paris Agreement, active  
political and social pressure on 
racing associations, organizers 
and teams continues to grow. 
Despite being a part of racing 
since the 1970s, individual 
environmental protection and 
sustainability measures such as 
waste avoidance at events, the 
introduction of noise protection 
regulations and mandatory 
catalytic converters have not  
been very effective in correcting 
the negative image of motorsports  
as loud and wasteful.

But racing is not just about 
competition, cult brands and 
marketing machinery. It’s also  
an important platform for testing 
cutting-edge technology. 

During the overall shift to 
greater sustainability, engineers 
and developers face the special 
challenge – but also the unique 
opportunity – of establishing the 
future raison d’être of motorsport. 
This is already a given for many 
people, as evidenced by some 
comprehensive sustainability 
concepts such as CO2 balancing  
in racing logistics, but it is notably 

energy recovery capabilities,  
while also increasing safety.

LSP Innovative Automotive 
Systems, based in Unterföhring, 
Germany, says it is meeting this 
sharp rise in demand for BBW 
systems with innovative solutions 
such as the IBSe 9 – a braking 
system that it says offers a unique 
package of performance, weight 
and modularity. This is achieved 
thanks in part to the latest 3D 
printing technology that is  
used in its production. 

BRAKE-BY-WIRE 
The rise of electric and hybrid drivetrains in motorsport has seen  
a concurrent increase in demand for brake-by-wire technology 

visible in the ever-increasing 
electrification of racing series.

Innovations from the fields  
of e-motors, inverters, battery 
management and, more recently, 
fast-charging technology and fuel 
cells are now being brought to the 
racetrack, which will in turn bring 
improvements for mainstream 
automotive as well. Brake-by-wire 
(BBW) braking technology in 
particular can make an enormous 
contribution to energy efficiency, 
primarily thanks to its brake 

Left: LSP’s latest IBSe  
9 BBW system offers  
a modular, lightweight 
solution for a variety  
of racing applications 
Below: BBW systems  
can be refined on the  
test bench for aspects 
such as pedal feel  

Notable features of the system 
include an active cylinder volume 
of 6-10cm3 and ability to operate  
at pressures of up to 140 bar. 

The system also incorporates 
an integrated electronics package, 
capable of executing functions 
such as standalone regenerative 
control, while further capabilities 
such as a pedal feel emulator can 
also be included. 

LSP notes that functions such 
as ABS, launch control and active 
brake balance control offer users a 
wide range of options to extract 
maximum performance out of their 
vehicles – all with safety as the top 
priority. Indeed, many of the safety 
concepts the company previously 
developed, which it states have 
been highly praised in Formula E, 
where its equipment is used by 
the majority of teams, have been 
further refined and are now also 
being deployed in areas including a 
fully autonomous racing series. <
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Fluid supply systems 
remain a key element of 

motorsport development, relevant 
across both traditional IC-powered 
cars and the new generation of 
electric and hybrid vehicles. With 
more than 25 years’ experience  
in the supply and production of 
high-quality, precision-engineered 
CNC machine components and 
hose systems, Krontec is well 
versed in development projects, 
from single components to 
complete customer projects. 

The company has previously 
supplied OEMs and racing teams 
worldwide in a number of racing 
classes, including WRC, DTM, GT, 
WTCC, NASCAR, Superbikes and 
Formula 1. 

One of the company’s latest 
developments is an update to its 
RFC refueling system, the RFC 
LM. First introduced in 2014, the 
initial design goal of the system 
was to provide a fuel coupling with 
a lower spillage rate that met the 
latest FIA regulation. According to 
the company, the RFC LM takes 
feedback gathered from multiple 

quick reaction to the ever-changing 
demands of motorsport, where 
delivery time is crucial.

The company’s 100 employees 
believe in attention to detail and 
professional teams have valued 
this quality and know-how for 
more than 25 years. As a result, 
the company operates to ISO 
9001:2018 standards for the 
design, production and sale of  
its light hydraulic and pneumatic 
systems, as well as its special 
turned and milled parts for racing.

The company has also obtained 
EN 9100:2018 standards for the 
sale and manufacture of prototype 
parts, multi-axis turned and milled 
parts for hydraulic and pneumatic 
applications, as well as small 
batch series production for the 
aerospace industry. With full 
traceability for all its machined 
components, Krontec also offers 
laser parts marking as required. 
All hose assemblies are 100% 
tested, marked if required, and 
documented. 

Krontec’s work is not limited to 
fluid systems and it has designed 
and manufactured multiple parts 
that have been used in all forms of 
motorsport, including its air-jack 
system, steering wheel quick-
release coupling, dry-break 
coupling for all fluids, coaxial 
refueling couplings, and FIA-
approved PRV and NRV valves.  

The Krontec engineering 
department develops customer-
specific products from design and 
construction through to simulation 
and testing. Thanks to extensive 
experience, the company’s  
engineering team delivers a 
competitive edge in product 
creativity and competency. While 
the company is also able to 
manufacture its products in most 
materials, it specializes in the 
machining of stainless-steel 
titanium alloy, carbon PEEK and 
PEEK, keeping stock of a range  
of performance materials and 
offering full traceability. <

SPILL FREE
Refueling rigs are a vital element of many teams’ pit setups. 
Specialist Krontec’s latest hose connector looks to provide 
both increased reliability and safety for crews 

customers into account to improve 
both the performance and safety 
of the coupling. For example, a 
new Fingerlock feature enables 
operators to keep the hose fully 
connected with far less effort than 
previously required, while still 
retaining the self-disconnecting 
dead-man principle of the 
original system. 

Beyond refueling 
connectors, Krontec’s 
flexible and rigid tube 
systems – using its range of 
aerospace and custom-designed 
hoses – offer solutions for 
individual applications in PEEK, 
PTFE, rubber, stainless steel and 
titanium, braided with Kevlar, 
Nomex, PEEK and stainless steel.

Krontec’s engineers are 
equipped with Pro-Engineer  
and Catia V5 CAD systems to 
support the development process 
from design to manufacture. To 
further this process, Krontec is 
able to supply confidential 3D 
models and drawings for client 
approval. The latest advances  
in CAD/CAM technology enable 

Above: The addition of a Fingerlock 
system has reduced operator effort 
when refueling
Below: Krontec has ensured the  
RFC LM is backward compatible  
with previous fuel setups 
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Livestreaming offers 
opportunities beyond 

simply providing content for 
social-media hungry sponsors, 
although it’s good for that too.

The ability to easily broadcast 
onboard footage including graphic 
overlays to a range of destinations 
has led to the emergence of a new 
range of livestreaming applications. 
From data and race engineers 
gaining insight into real-time 
performance and car setup, 
through officials reviewing the 
stream for judicial purposes, to 
teams being able to reach friends, 
family and fans regardless of 
location, livestreaming is certainly 
much more than a marketing 
gimmick. This is highlighted by  
the launch of UK-based 
Racelogic’s HDMI-enabled 
version of the popular VBox Video 
HD2 system, a cost-effective 
solution that brings livestreaming 
within reach for many more 
people, even at club racing level. 

When a vehicle is out on track, 
engineers in the garage can watch 
live tire temperatures displayed on 
the video feed and see the effect 
of car setup changes, such as 
camber and tire pressures, in real 
time. This means the car’s setup 
can be optimized with objective 
measurements in a short time. 

debriefing after the session and 
makes it more focused. With 
reduced timetables and about  
an hour turnaround time, it just 
makes our job as engineers 
quicker as we already have a good 
idea what needs to be worked on 
with car and driver before the car 
comes back to the pits.”

It’s not just engineers that are 
finding benefits. In the USA, the 
Trans Am series is now in its 
second season of livestreaming 
the race meetings via a dedicated 
app which it reports has allowed it 
to engage with a wider audience.

As a result, fans from over 67 
different countries have been  
able to watch the racing in real 
time, including onboard clips from 
a range of drivers using VBox 
Video HD2 systems. In the UK,  
the broadcast company behind 
the livestreaming of BARC race 
weekends has also successfully 
integrated onboard footage into  
its feed, taken from vehicles as 
diverse as a Caterham through  
to a racing truck. <

LIVESTREAMING
The past two years have seen an increase  
in the importance of live broadcasting video  
and data across all areas of motorsport 

Restrictions on fan numbers have 
left grandstands and spectator 
banking empty, and there have 
also been limits on how many 
members of the race crew can  
be in a garage or on a pit wall. 

Data engineer Jordan Bird 
explains, “Due to ongoing Covid 
restrictions, we use livestreaming 
to keep us all involved. We have an 
engineer and three mechanics in 
the data station and me, the data 
engineer, in the office in the truck 
as we have to be spaced out and 
can’t be seated together.

“We don’t tend to stream the 
car data as such,” he continues. 
“It’s mainly just driver parameters 
so we can give radio feedback, it’s 
a nice way to communicate with 
the driver. It cuts down on the 

Above left: The Trans Am series is now in its 
second season streaming races via an app
Top right: Video streaming brings a new layer 
of information for data engineers 
Above: Live streaming enables even remotely 
located team members to be fully involved 
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For example, Team Brit runs 
three cars in the Britcar series and 
its race engineer, Al Locke, says, 
“One of the big things that we look 
at when we are livestreaming is 
temperatures. We are able to 
manage that for the driver rather 
than them having to constantly  
do gauge checks. We can see  
their dash, we can see what they 
see, so we can tell them what  
their transmission temperature  
is and if they need to put the 
gearbox cooler on without them 
needing to worry about it, which 
frees the driver up massively just 
to focus on driving.”

With Covid restrictions affecting 
race meets and test days across 
2020 and 2021, livestreaming has 
found additional resonance. 
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Tires are the single most 
important component on  

a race car. Many racing series 
have one tire supplier, so everyone 
has to use the same ones. The 
only tuning options available are 
the pressures and, if applicable, 
level of preheating applied. 

Once a race engineer has 
decided what pressures they  
want in each tire, it is then up to  
the dedicated tire mechanic to  
set these. Usually this is done with  
a common pressure gauge, tire  
by tire – a time-consuming and 
error-prone process. If a team has 
only one car and a few tire sets  
to be used in a sprint event, tire 
preparation can often be achieved 
by one person in a reasonable 
amount of time. But for a team 
with multiple cars attending an 
endurance race, it is a different 
story. With multiple tire sets per 
car, there are usually two people  
in charge of tire preparation on 
each car and they still have a high 
workload over the duration of even 
a short race event.

This is where Pressure Wizard 
from Virtual Garage can come in 
handy. Instead of setting all of the 
pressures manually tire by tire, the 
device drops pressures in all four 

equipped with PIN-protected 
Bluetooth connectivity for remote 
operation or supervision. Virtual 
Garage cooperated with the race 
engineers of the top teams, and 
their feedback enabled the design 
of a device that reduces workload 
for the tire mechanic, removes the 
possibility of human error and has 
0.0025 bar (0.036psi) accuracy. 

Coupled with the company’s 
experience gained from building 
electronic systems for Dakar Rally 
trucks, the system is rugged and 
Virtual Garage claims it is almost 
impossible to break.

During development, a number 
of teams asked if the device could 
also inflate tires if necessary, but 
research showed that 95% of the 
time, mechanics only lower the 
pressures. The reason behind this 
is the usual on-site tire mounting 
process used. The supplier has to 
handle hundreds of tires each day 
and when the tires are fitted onto 
the rims, the fitters inflate them  
to such pressure that they snap 
onto the rims. They then fit the 
valve and after that the wheel is 
passed to the next station, where  
it is balanced. There is no space 
for pressure setting. This leaves 
the tire with a high pressure, in  
the range of 3 to 5 bar (40-70psi), 
whereas the race engineer usually 
wants pressures that are very low 
(1.2 to 1.6 bar [18-23psi]). <

PRESSURE CONTROL
Keeping abreast of tire pressures is a time-consuming and 
error-prone task for race teams. A new system from Virtual 
Garage looks to automate the process and reduce workloads

tires at once, leaving the hands  
of the mechanic free to do other 
tasks, such as tire marking, going 
to the tire supplier for another set, 
etc. The job is done faster, without 
error, and a team equipped with 
multiple Pressure Wizards and an 
experienced tire mechanic can 
even reduce the total manpower 
needed to get the job done.

In development for two years, 
with prototypes tested by various 
teams, the system comprises a 
battery-powered portable device 
capable of reducing pressures  
in around 20 tire sets when fully 
charged. The device also comes 

Top: Pressure Wizard can provide a 
rapid overview of tire pressures via 
an app, which enables adjustments to 
be made automatically
Above: Several Pressure Wizard units 
can be employed to keep track of tire 
sets across an endurance race 
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”The preparation of a car for racing is largely a 
matter of compromise, as is, for that matter, all 
engineering. It is always a case of making the best 

use of the materials and time at hand, and bound up with this 
is the unfortunate problem of finance. How few people realize 
the cost of labor until they receive their account! 

“In connection with this question of cost, it pays to think 
well into the future, and arrange for the work to be carried out 
in such a way as to cut out the excessive amount of overtime 
which is worked in this racing game.” 

Beyond the somewhat antiquated language, these could  
be the words of any contemporary, seasoned motorsport 
engineer. In fact, they were penned some 80 years ago in  
an essay on car preparation by Walter ‘Wally’ Hassan, his 
contribution to Earl Howe’s book titled simply Motor Racing. 

Hassan also added the timeless caveat that, “Workmanship 
always deteriorates in proportion to the lateness of the hour 
worked, and the job suffers accordingly. Of course, on 
occasion it is found necessary to burn the midnight oil, and 
much good work has been done, but it is to be avoided if at  
all possible.” 

As a young man, Hassan cut his teeth working at Bentley 
alongside drivers such as Woolf Barnato, and was involved 
with the company’s legendary Le Mans-winning cars 
including the 4.5-liter Old Mother Gun and its successor, Old 
Number One. He went on to serve stints at Jaguar and ERA, 
before spending time at Coventry Climax after World War II. 
There, alongside long-time colleague Harry Mundy, he was 
responsible for the FW (Feather Weight) fire pump engine, 

A COMBINATION OF FIRST-CLASS 
PREPARATION, DRIVING AND PIT 
MANAGEMENT IS NECESSARY TO 

WIN RACES AT THIS TIME”

which morphed into the first Climax racing engines. He also 
developed the unraced Climax flat-16 for the 1.5-liter Grand 
Prix formula. One can only wonder what engineers of 
Hassan’s ilk would make the current incessant creep of spec 
formulas and rule sets that stifle innovation. 

Mind you, regulatory limitations and technological 
advances notwithstanding, Hassan would likely ‘get’ what it 
takes to win in the modern era. Take the root causes of Lewis 
Hamilton and Max Verstappen’s crash at Monza this year: 
botched pitstops. In the same essay, Hassan concludes,  
“A combination of first-class preparation, driving and pit 
management is necessary to win races at this time.”

Hassan’s approach to race car preparation and operation 
was highly respected by his peers, and the principles he laid 
down remain unchanged. It has been proved time and again 
that consistently excellent execution is what wins races and 
championships. 

One need only look at WEC returnee Peugeot’s previous 
sportscar effort to see this: despite generally having a faster 
car than its main competitor, Audi, it was denied many a 
victory due to operational deficiencies. The same could be 
said of Ferrari over recent Grand Prix seasons. 

The motorsport landscape is changing rapidly, and there is 
a genuine concern that vital skills are being lost due to the 
lack of engineering diversity in many classes. However, there 
is much that would still be familiar to Hassan. The tools may 
have changed, but racing is still about balancing the always 
finite resources of time and money against the need to field  
a car and team that are as close to perfection as possible. <

Above: Perfect 
synchronization  
of all elements in  
a team is necessary 
to win at the top 
level of racing 
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