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Future Vehicle Architecture (FUVA)

FuVA brings together knowledge and experience of working with automotive partners
in developing high voltage EV platforms. It considers the highest value items on the
vehicle and defines a path to reduce cost whilst maintaining attribute targets.

Integrated product development processes for vehicle subsystems:

- Vehicle primary and secondary structures
- Propulsion and chassis systems
+"Mass + energy management

The benefits of a fully scalable multi-energy platform architecture design enable clients to maintain
vehicle attributes while reducing vehicle unit costs and time to market.

Find out how FuVA can help your product development
Email: info@ricardo.com  Tel: +44 (0)1273 455611

www.ricardo.com/FuVvA
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Industry News

INDUSTRY NEW/G

The latest in technology, innovation and sustainability across world industries

Focus turns to batteries

Global automakers are maving fast to
secure battery manufacturing capacity to
cope with the expected sharprise in sales
of electric and hybrid vehicles in the next
decade.

The Volkswagen Group, which aims
to be awaorld leader in electric vehicles,
has teamed up with Swedish start-up
Northvolt and the European Investment
Bank to build a large-scale battery
plantin northern Sweden, close to the
Arctic Circle. The plant, running an fully
renewable electricity, will produce 32
GWh of batteries annually - enough for
around 640,000 EVs - when it reaches full
capacity.

VW has alsa launched its own in-house
production of battery cellsand is
promoting the European Battery
Union to take in all aspects of
the battery value chain. Also
invalved are BMW, Siemens,
Scania and ABB.

Valvo, forits part,
has signed hattery-
supply deals with
both CATL of China
and Korea's LG
Chem. It expects
half of allits sales
to be pure battery-
electric vehicles
by 2025. Daimler has
laid the foundation for a

major battery plant close to its Stuttgart
headquarters; the facility will be carbon
neutral and be part of a worldwide netwark
of nine factories on three continents.

JP Morgan has analysed the
manufacturing costs of a typical 2018
BEV and calculated that 25 percentis
accounted for by the battery cells, 15
percent by the electric motar and power
electronics, 10 percent for battery
integration, and the remaining 50 percent
for non-powertrain costs. And MIT and
Toyaota are using machine learning
to predict the lifespan
of different
battery

Citroén reshapesits future

Tocelebrate its centenary this year, Citroén is presenting a concept car that

it hopes will serve as a “brand manifesto” for the future and reaffirm the
company’s reputation for innovation in the same way as the DS did in 1955. The
19_19 Concept’s suspended capsule fuselage is said to be inspired by aviation,
and itsinterior by the world of furniture design. The fully electric powertrain,

with a claimed range of 800 km, is housed in a skateboard-like chassis below,
its suspension and components visible from the exterior. Riding on skinny
30-inch wheels and promising minimal noise and vibration, the 19_19 offersa
“mental detox” for its occupants. Unlike its DS forebear, however, itis not ready
for production. “The 19_19 Concept is our technological and innovative vision
of the automative future,” said Linda Jackson, CEO of Citroén.
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Volkswagen will
licence outits MEB
electric platform
to help gain scale
economiesin
manufacturing

types - including the effects of fast
charging in 10 minutes.

Fisker, which has investment from
Caterpillar, has further postponed the
launch of its solid-state battery to 2022,
while Piech’s Mark Zero concept car,
displayed at the Geneva motor show, has
anew type of hattery cell which is claimed
ta provide 80 percent recharging in under
five minutes.

Hydrogen steps up
Hyundai is pasitioning itself as a global
leader in hydrogen fuel cell development
and isinviting other automakers tao buy its
complete hydrogen powertrain, as used
in the NEXO flagship model. This parallels
Volkswagen’s offer to share its its MEB
platform [pictured], and Toyota's opening
up of its hybrid and fuel-cell patents for
broader use. Promoting the hydrogen
cause, Hyundai has also launched a joint
venture to build up a fuelling ecosystem
in Europe and is embarking on a pilot
project in Korea to supply power to some
2200 homes using 1 MW container-sized
modules employing NEXO fuel cell stacks.
Toyota, meanwhile, has developed
the SimpleFuel hydrogen filling station
for use within its Motomachi plant; each
station uses solar power from the factory
roof to generate enough hydrogen to
power seven or eight forklift trucks for a
whole day.




Ferrari’s sign of the times

Created to salute the 30th anniversary of
the founding of Scuderia Ferrari, the SFS0
Stradale marks a paradigm shiftin the
company’s top-end supercar thinking. It
is the first eight-cylinder model to serve
as Ferrari’s flagship, with a plug-in hybrid
drivetrain packing 220 hp of electric
power and a turbo gasoline engine of 780
hp; itis the first with four-wheel drive, two
motars on the front axle giving it torque
vectaring capability; and its eight-speed
DCT transmission has no reverse gear:
that function is exclusively electric.

Four powertrain modes include eDrive
and ‘qualify’, which prioritises absolute

performance aver battery recharging; the
battery, of unspecified capacity, gives a
25km zero-emission range as well as an
electric top speed of 135 km/h. Ferrari
says the kerb weight has been kept to
1570kg, despite the extra 270 kg for the
hybrid system.

Sweden’s Koenigsegg has already sold
all 125 planned examples of its new Jesko
supercar. The reworked V8 engine gives
1280 hp on gasoline or 1600 on E85 fuel,
and its innovative transmission has nine
ratios and na fewer than seven clutches,
enabling it to make skip-shifts as well as
normal sequential changes.

Vienna fires up combustion prospects

Against a generally accepted background of climate neutrality by 2050, this
year’s Vienna Motor Symposium nevertheless delivered encouraging messages
for the future of the combustion engine. Market leader Volkswagen's eighth-
generation Galf, due this summer, will major on 48-volt mild hybrid electrification
of gasoline engines, providing a fuel saving of 0.41/100 km, and sister brand

Audi presented a new 3.0 litre V6 diesel with a 48-volt electric supercharger to
complement its turbocharger. And Hyundai announced a new 2.2 litre four-
cylinder diesel using 2200-har injectars and both high- and low-pressure EGR.
Due next year, the engine will meet Euro 6d norms.

Audi’s city concept

Audi chose April’s Shanghai auto show
to present the third of its so-called
use-case electric concept vehicles,
appropriately enough aimed at mobility
within the restricted confines of

a congested megacity. The Al:ME,
standing for Audi Intelligent, me, is a
4.3 metre compact city car capable

of Level 4 autonomy, with a flexible
interior configuration based around
twao armchair-like seats in the front
and a curving bench for several more
passengersin therear. The 125 kW
motor drives the rear wheels

and the 65 kWh battery

is claimed to offer ‘long al f
periods of operation’in the RN "';
20-70 km/h traffic that is N

expected to be the ALME'’s

main hahitat. Among the design’s other
navelties, which could be a sign of
things to come in future vehicles, are
retracting controls, 3D manitars, VR
goggles for all occupants, magnetic cup
and plate holders for onboard dining, a
caoncert hall quality audio system with
external noise cancelling, and even an
onboard garden stocked with plants to
help improve internal air quality.
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Highlighting the latest thinking in automative
engineering and technology worldwide

Premium EV co-operation

Jaguar Land Rover is to join forces with Germany’s BMW to
help bring down the costs of electric vehicle hardware. The
twa organizations will also pool elements of their research
and development and purchasing activities. BMW is four
times the size of its UK-based competitor.

London slows down to 15

The City of London, the financial district of the British
capital, is considering impaosing a speed limit of 15 mph, or
justunder 25 km/h. Certain streets may be closed to traffic
in the middle of the day, too. Though car numbers in the
City’s narrow streets have halved, average vehicles speeds
are below 16 km/h and air quality is poor.

Toyota enters space race

JAXA, Japan’s space agency, is teaming up with Toyota to
explore designs for a moon rover. The pressurized vehicle
will be powered by fuel cells and expects to be able to cover
10,000 km onits store of hydrogen.

EV margins to match standard cars’ by
2025, says Volvo

Volvo, which is spending $1 bn a year to bring five EVs

to market, is confident of the business case for for
electrification. Speaking to Automative News Europe, CEO
Hakan Samuelsson said he expected profit margins on EVs
would equal to those on hybrid models by 2025. By then, half
of Volvo's sales will be pure electric.

Degradable bioplastic

Researchers at Lithuania’s Kaunas University have
developed a biodegradable bioplastic which will compaost
completely within two years. The transparent cellulose
material is derived from timber and is initially designed to
replace the non-degradable foils used on food packaging.

Amazon and VW in cloud venture

Volkswagen and Amazon are to launch the Volkswagen
Industrial Cloud as a key step in moving to industry 4.0
processes. The cloud will house data from all the machines,
plants, systems and facilities across the VW Group, and in
the longer term, members of the organization’s supply chain
will be brought in too.

500-bar GDI cuts particulate emissions
Presenting its new 500-bar gasoline direct injection system
at the Vienna Motor Sympasium in May, supplier Delphi
claimed the higher pressures would reduce raw PM

| : . = emissions by 50 percent compared with today’s
g v state-of-the-art 350-bar systems. The system will
q 3 appear in production models from 2022.
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Heavy vehicles go green

Truck and canstruction industry trade fairs this spring have
brought a spate of announcements relating to zero- and low-
emission machinery, ranging from power maodules to complete
excavators and from 70-passenger buses ta compact eight-
seater people carriers.

Volva CE, which began showing battery-powered machine
concepts some years ago, has expanded its zero-emission range
with a compact wheel loader [pictured] and a mini-excavatar.
Each can run for eight hours on a full charge and dedicated
e-motors for drivetrain and hydraulic pump functions improve
efficiency. Significantly, Volva CE says it will discontinue diesel
engine development far this type of machine.

John Deere, a major player in the off-highway sector, is
launching a range of electric drives for off-highway applications,
including e-motor and electric pump drives. The units are
scalable up to 200 kW. AxleTech has presented its AFE series
electric axle and Deutz has countered with a range of modular
products which allow operators to specify the combination of
diesel, gas, hydrogen or electrification that is best for their
requirements. Deutz is collaborating with Japanese v
manufacturer Kobelco on a mini-excavator concept
using these technologies.

Allison now has a range of electric propulsion
hardware for commercial vehicles and is
collaborating with leading bus maker Alexander
Dennis on low-floor applications. Stillin the bus
sector, Hyundai has shown an all-electric double-
decker seating 70, including two wheelchair positions and

Yy

Renewables slow down

Investmentin new renewable energy
generation has fallen for the second year
inarow, despiterecord levels of CO:in the
atmosphere and shareholder pressure on fossil
fuel companies todisclose their plansto meet
the goals of the Paris Climate agreement.

The bulk of the 2.3 percentincreasein

Automakers face huge fines

overall global energy demand was met by new
fossil fuel investment, with gas extraction
spending up by 3.7 percent and coal mining
by 2.6 percent. The figures, published by the
International Energy Agency, also show that
the burning of coal was responsible for one-
third of the increase in global CO: emissions

ramps on the lower deck. With a 348 kWh battery it can run for
300 km and has a claimed recharge time of 72 minutes.

At the oppasite end of the scale is Ford’s new line-up of
electrified light commercials. The ubiquitous Transit will be
available from 2021 as a full electric or plug-in series hybrid,
with a three-cylinder gasoline engine as a range extender to
top up the 13.6 kWh battery. Drive is exclusively via the e-motor
to the front wheels. The same powertrain is available in the
Tourneo Custom people carrier, and Ford has for some while been
building a version of the German StreetScoater electric light van

(developed by RWTH Aachen for Deutsche Post DHL) aimed
% atthe last-mile delivery sector.

between2017 and 2018.
Analysis of the renewable capacity added
in 2018 shows a quickening trend towards
solar photovoltaic generation. 0fthe 177 GW
installed during the year, 55 percentwere
solar, 30 percent wind and the remainderin
technologies such as hydropower.

Battery poweris
reaching off-highway
equipmentsuchas
Volvo’s wheel loaders
and excavators, but
buses still lead

the electrification
movement

New European corporate average CO: emissions rules cominginto
forcein 2021 will severely penalize automakers whose ranges emit

more than their allocated targets.
The target across the whole industryis 95 g/km but each

producer has anindividual figure that takes into account the weight
of its models. For every gramme of CO: above the new target, the
automaker pays afine of €95, multiplied by the number of cars sold
thatyear. During the phase-in period, manufacturers will be able to
discount the most pollutive 5 percent of their sales. Even so, multi-

billion euro fines are in prospect for some groups.
CEQOs face the dilemma of whether to drop high-emitting models,
pay thefines, orinvestin new technology to curb CO: output. Another
tacticis to team up with a producer with alow emissions profile - as
Fiat Chrysler has done with Tesla.
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Car-to-X Communication

Networking for safety

Vehicles that warn each other of hazards on the road have long
been a subject for discussion amang safety experts. Now a new
European research project is going a step further and testing
out Car-to-X communication, where vehicles are networked
with the road infrastructure and navigation services.

Daimler, BMW, Volvo and Ford, along with navigation providers
TomTom and HERE, will develop communication protocols that
allow warning messages to reach large numbers of users in real
time. The technology will build on existing systems such as the
Europe-wide eCall and other systems which trigger alerts when
hazard warning lights are activated. Other hazards such as
mobile road works or icy roads could be broadcast, too.

Mercedes-Benz cars, as well as Valvos in Sweden and
Narway, already share information of this type, but a major task
for the project will be to navigate Europe’s complex rules on data
protection and individual anonymity.

Industry faces net-zero future

Leaders of Europe’s largestindustry groups have been
vying with one another to endorse the 2015 Paris Climate
Agreement and offer promises of a sustainable future and
aroute towards net-zero emissions of greenhouse gases.

The Volkswagen Group, promoting its multi-billion euro
electrification offensive, has even gone to the length of
announcingits last combustion engine programme, set
for 2026, and undertaking to make its entire production
network carbon neutral by 2050.

Leading supplier Bosch has decided to go one better,
aiming for climate neutrality across its 400-plus locations
worldwide as early as 2020. This will make it the first large
automotive business to achieve this goal.

Daimler’s Ambition2039 will see the Mercedes-Benz
new car fleet become completely carbon neutral over the
next 20 years, representing three model generations.

Its European production will hit neutrality as soon as
2022, and new CEO Ola Kallenius will link management
remuneration to the company’s emissions performance.

Most of the major players are already exerting pressure
on their suppliers to cut or eliminate GHG emissions,
and help may be at hand from a Swedish project, Hybrit,
which has developed a CO--free value chain for steel
production. Even cement and concrete, long seen as the
mostintractable heavy emitters of GHGs, could take
steps towards CO: reductions, according to a group of
researchers at Swiss universities.

VIEWFUINT

Compostable bioplastics can cut
pollution and benefit the economy

Jamie Pitcairn- technical director, Ricardo

Energy & Environment

There can be no doubt that society
warldwide is beginning to wake up to the
challenge of managing plastic waste.
Plastics have revolutionised the modern
warld, bringing lower-cost products and
enabling foodstuffs to be packagedina
manner that maintains freshness, thus
reducing waste in both the supply chain
and in the consumer’s home.

But as David Attenborough has shown
tothewaorld's TV viewers, waste plastic
packaging is finding its way into every
part of every ocean. And asif tovalidate
this view in perhaps the most extreme
of possible locations, a plastic bag was
even repartedly found by Victor Vescovo
during his record-hreaking 10,900
metre submarine dive to the bottom of
the Pacific Ocean’s Mariana Trench, the
deepest pointin the world, in April this year.

While the negative effects of such
plastic pallution are bad enough, it also
represents a significant economic
waste. Accarding to the Ellen MacArthur
Foundation, most plastic packaging is
used only once as a single-use item,
and 95 percent of the value of this
material is lost to the economy annually,
representing a staggering US$ 80-120
billion globally.

Inresponse to the environmental
harm caused by plastic pallution, the UK
government is taking a fundamental look
atits regulations and policies relating
to plastic packaging. In addition, the
UK Plastics Pact - a cross-industry
collaboration across the entire packaging
supply chain - includes the targets that
100 percent of packaging should be
recyclable, compostable or reusable, and
that no more than 30 percent should go
towaste by 2025.

Thisis a perspective and an
initiative that | and my team at Ricardo
wholeheartedly agree with. Compostahble
bio-based plastics offer potential
foramore sustainable alternative to
petroleum-based counterparts which
are mare persistent in the environment
- particularly for applications such as
food packaging. In our recently published
report Plastics in the Bioeconomy,
which we produced on behalf of the
Biomass Biorefinery Netwaork, we have
found that there is the potential fora
tenfold increase in the UK compaostahle

packaging market. There is a demonstrahle
need for this material to substitute for
petroleum-hased plastics, especially

for applications in which food waste

might atherwise be trapped and hence
contaminate the residual plastics recycling
stream. Compostable packaging would
actually help capture the food waste
attached to packaging - think about the
film covering ready meals - which would
ordinarily contaminate conventional
plastic packaging and end up in landfill,
causing further emissions of greenhouse
gases through methane production. In

our analysis, we demanstrate the positive

Compostable
packaging would
actually help capture
food waste which
would otherwise
contaminate plastic
and divertit to landfill

economic impact that a transition to
compostable bioplastics for food packaging
could deliver for the UK market. By 2025 the
net annual benefit to the UK bioecanomy
of a transition to compostable plastic
packaging would be in excess of £267
million through biopolymer material
sales alone. Additionally, there would be
wider ecanomic benefits to be realised
through cost reductions in the collection
and processing of hard-to-recycle
plastics that have been substituted with
hioplastics, particularly those that are
heavily contaminated with food waste or
comprised of multi-layer plastics.

Such a transition would, of course,
require investmentininfrastructure, a
new value chain of crop residue-derived
polymers, and the crucial public education
needed to drive the behavioural change that
will facilitate appropriate segregation and
effective collection of compostable wastes
and ather recyclates. As our report shows,
however, there are significant sustainability
and economic benefits to be had, as well
asareduction inthe tonnage of persistent
plastic wastes reaching the world's natural
environment and oceans.
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Designsonan
electric future

Freshly listed on the London Stock Exchange, Aston Martin
is branching out from its globally celebrated front-engined
GT sports car portfaolio and adding top-flight mid-engined
hypercars as well as SUVs and its all-electric super-luxury
Lagonda brand. Tony Lewin asks chief creative officer Marek
Reichman how the transformation will unfold

You are in charge of three brands - Aston Martin’s familiar

GT models, its new mid-engined supercar range, and Lagonda
as the all-electric nameplate. Which is the most exciting to you
asadesigner?

They all feel very different, particularly because of the direction of
Lagonda. This gives you mare of a global relevance as a designer,
and this year, for example, in Shanghai we showed AM-RB 003,
some of our core cars - DBS Superleggera and Vantage - and the
Lagonda All-Terrain Concept. We also launched Rapide E there.

Of course, there was excitement around AM-RB 003, but the
focus was Rapide E and Lagonda because of the electrificationin
China. Which is the most exciting? As a designer, I'd have to say
Lagonda: it's the biggest change the industry will see.

An exciting task, or an exciting product?

If I look at the rear mid-engined cars, it's exciting because

they are the ultimate in performance and Valkyrie provides the
DNA and the link [to everything else]. I can't think of two maore
discannected yet connected products than Valkyrie and the
Lagonda All-Terrain Concept. Yet if | think of what they both
need, itis efficiency: in a battery vehicle the enemy is mass and

The portfolio

AstonMartin
Vantage

DB11

DBS Superleggera
Rapide Sand E
DBX

Vanquish

AM-RB 003
Valkyrie

Lagonda
All-Terrain Concept
Vision Concept
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Potent V8-engined two-seater sportscar

V8 powered GT

V12 Super-GT

Four-door coupé, now also with electric power
Elegant SUV, launches late 2019

Mid-engined Ferraririval, due 2022
Mid-engined, more extreme, due 2021
Road-legal V12 racer with Red Bull F1 DNA

First iber-luxury electric SUV, due early 2020s
Introduced new Lagonda design language,
launch plans unknown

poor aerodynamics, and its visual offering is so different. The
Valkyrie is all about efficiencies, too, so we transfer the learning
from one product into our others. The care of Aston Martinis at
a brilliant inflection point: the next generation of our traditional
GT cars will change. It’s a brilliant point to be a designer: we're
seeing electrification, the move to zero emissions, more and
mare cities talking about no-go zones, and all the talk about
autonomy, geofencing, connectivity, cyber - they all bring a
different offering and therefore a different visual language.
Because if 'm offering Level 5 autonomy, why do I need a
windscreen? Glass is heavy. And why do | need headlamps?
After all, there’s talk of dark factories where robots work without
lights because they would waste electricity.

How does this challenge the design process?

As a designer, thisis the best place to be - and the image of
acelloand arobot illustrates it. Thisis the world as I see it:

the cellowe can't lose because it symbolises emation and will
continue to create emotion; but the robot is an inevitahility. [The
challenge] is finding how to continue the emotion when we have
an autonomous warld.

How are electrification and composite structures

changing your designs?

Nobady has yet taken full advantage of the benefits of
electrification from a packaging perspective, but we will [soon]
see products that do it. It's absalutely brilliant because the
weight and the power can sit at almost the wheel-centre height:
allyour batteries and motors can sit at or below this height,
which means you have a very low centre of gravity, which is good
for the dynamics of the vehicle. It also means that you have a
skateboard [chassis] that you can apply a language on top of:
itkind of goes back to earlier times when you had an individual
chassis and people put the body on top. The advantage is

that you can offer unique forms that still meet that golden
proportion but which have a different hias. You are giving the
consumer something thatis very different inside, and carban
allows you more freedom in the form factor - and exposing it [as
structure] as we do on the Valkyrie.



When the [production] Lagonda appears, willitbe a
shock? Canit have different proportions thanks to the
skateboard chassis?

Yes, almost anything is possible. Obviously you still have to
meet the on-road standards such as crash and side-pale
[impact]. | believe some of those standards may change as
we get closer to autonomy: cars won't crash, they won't hit
pedestrians, which means we can save weight and be more
efficient. Yes, we will see some very radical things happen
because of the Lagonda brand.

Are luxury customers open to such radical change?

Some are, same aren’'t. What we have said is that

Lagonda is not pitched at the traditional luxury customer:
there are only two brands in that space at the moment -
Bentley and Rolls-Rayce. Thase are traditional customers,
and | can’t imagine a Silicon Valley entrepreneur or a Shanghai
tech entrepreneur driving round in a [Rolls-Royce] Phantom.
But I can see themin a Lagonda. It's a different luxury
customer. But what always happens is that you eventually flip
the traditional luxury customer so that becomes the normiin
luxury. We're in a strong position because our two
competitars are not going to get to an electric platform in the
timeframe that we can.

Some of your new sports cars make use of flexible body
surfaces toimprove aerodynamics. Do you see their use
spreading into larger-volume vehicles?

Yes, we are using them on our special models. The great benefit
of specials is that they are relatively short timeframe cars -
their development cycle is on average a year faster than our
core products. The lower production volumes mean that we
canintroduce new technaologies that will then filter down to the
core [models]. For us the core is circa 6500 cars, so it's still not
amass market product - but it is a way to develop new ideas
and test the supply chain. So yes, we will see that idea spreading
downwards.

Will you need to distinguish electric vehicles visually?

The shapes will speak for themselves. There are some unigue
features: if we look at grilles, those on Lagondas are not so
traditional. With the GT cars and the DBX [upcoming SUV] the
grilles come from the tradition of the grille being the radiator
for cooling, and thus the face of the car; the mid-engined cars
are different as they don’t have radiators there. The whole
point of Lagonda is not to have a traditional grille - it’s to
design around the attributes needed, the fact that you want
something that’s efficient through the air, that doesn’t disturb
the air, and you need a low centre of gravity, a low CdA so it’s

“It’s a brilliant point to be a designer: we’re seeing
electrification, the move to zero emissions, more and
more cities talking about no-go zones, and all the talk
about autonomy, geofencing, connectivity, cyber -
and they all bring a different offering and therefore a

different visual language”

Interview

Diversification: Aston
Martin’s display

atthe 2019 Geneva
motor show presented
four all-new models
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Interview

slippery and has good hattery life. If you think of downhill speed
skiers and even cyclists, with their aero suits and blended-in
helmets, they wouldn’t look right without them. Electrification
needs to have that element of efficiency showing through its
[design] language.

Are youwhere you want to be in terms of

electric technology?

Yes, we are. We understand our IP and what we would need to
doin house and what we need to buy in as a technology. It's the
same as with engines now: we have our own V12, we buyina
V8 from Daimler, and we will have our own VB. Because of our
size it's a question of what becomes [our] IP and what we can
just buy in. We are never gaing to make our own [battery] cells,
but we may pack them ourselves because that could be part of
the structure. Rapide E accelerates the curve, but we haven't
selected cell supplier or the battery supplier yet. The great
thing is that we're independent: we have access to Daimler’s
technology but we're not obliged to use it.

Inthe face of increasing automation and autonomy, how can
you preserve the thrill of driving?

The hardcore car is the one where you receive feedback, the one
which you drive, you feel the road; this might be the Vantage,
and it might be the Vanquish Vision Concept in the future. You're
in control of everything, but legislation in the future might
determine that you have to have certain things - in hardcore
cars you have to be able to turn that off. Now GTs might show
more of a crossover with that true feeling, but remaining
sporting. With GTs you may not want that interaction all the
time; you may want to relax, or say ‘hey, drive me’ part of the
time. Uber-luxury becomes Lagonda, and Lagonda is always
saying ‘drive me’. It is mare about the inside, and the feeling

of being driven in your capsule - that's how we spread the
difference between our brands.

Aston Martin Lagonda

Aston Martin Lagondais the world’s only
independent luxury cargroup and it floated
onthe London Stock Exchange in October
2018. AstonMartin’s powerful sportscars

arebestknown as James Bond’s preferred
transport, and the company hasbuilta
second factoryin Wales to expand into
SUVs (the DBX]) and torevive Lagonda asthe
world’sfirstall-electric luxury marque. In
2018 the group sold some 6500 vehicles, 26
percentup onthe prioryear.

10 RQ-Q2.2019

Aston Martin DBX,
shown herein
camouflage wrap,
brings the company
into the booming

SUV segment. It will
be fully revealed at the
end of thisyear

How will interiors change? Does autonomy give

you more freedom?

Yes, it does. There will be mare flexihility. The tradition is always
the tradition, and when it comes to Aston Martin, for as long as

it possibly can be, it will be all about your driving position, the
A-pillar, the view out, the steering wheel and what you see. But with
Lagonda it will be less sg, and in the concepts we've shown, when
they are in autonomous mode the seats swivel and the steering
wheel disappears. | thinkwe'll see more and more of that, and one
of the ather advances we'll see more of in interiors isin the 3D
manufacturing of parts. Na longer are you making a substrate and
trimming it or moulding or machining something, you're actually
printing the part. It's starting on small volumes, but it will grow.

What is the minimum acceptable range for an electric

luxury car like the Lagonda?

There are two elements here: what research with consumers
says they think is a reasonable range, and our own findings.

I think for Lagonda we've got to be talking circa 400 miles
range, to allow the owner to drive from London to Edinburgh for
instance. And in that luxury space we know that the average
journeyis 15 miles (25 km)] per day. Sometimes there is a spike,
perhaps as they travel from one estate to another, but we know
the average s less than 20 miles a day. So we will provide two
battery solutions for exactly that. @

Marek Reichman, Aston Martin Lagonda vice president

and chief creative officer

Bornin 1966, Reichman graduated in industrial design and began
his design career with Roverin 1991, moving to BMW Designworks
in California in 1995, where he worked on the third-generation
Range Rover and Rolls-Royce Phantom. Following a spell with Ford’s
Lincaln and Mercury brands he joined Astan Martin in 2005, shaping
anew identity for the sports cars, establishing a style for Lagonda
and developing a new range of mid-engined supercars as well as
DBX, Aston Martin’s first SUV.




Decarbonizing rail

On track for carbon-free

The solar roof of
London’s refurbished
Blackfriars Station
(above]. Renewable
energy can provide
avaluable means of
augmenting power
suppliesin areas
where the grid is
restricted [see p14)

With the world now focused on the need to reduce carbon emissions and improve
sustainahility, railways around the globe are busy devising smarter approaches

to electrification. Anthony Smith explains how these new developments can also
tackle the parallel issues of air quality and noise

Rail electrification has long been seenasa
means of impraving the energy efficiency
of passenger train propulsion in relation
tothe alternative of diesel traction; more
recently, it has come inta favour as a means
of remaving air pollution at point of use.

These benefits make it easy to see
why this form of traction is favoured: on a
like-for-like hasis, electric trains are lighter
in weight, accelerate more quickly, have
lower maintenance caosts and consume
less energy than diesels.

Moreover, electric traction also benefits
from the ongoing efforts ta decarbonize
grid power generation. In the UK, for
example, thisimprovement has been
significant. Coal-based power generation,
once the predominant source of energy
for the power grid, has been dramatically
scaled backin favour of renewables such
aswind energy and solar. As a result, by
2018 the average carbon intensity of
the electricity supply in mainland Great
Britain had fallen tojust 270 g/kWh COze -

approximately half the prevailing level at the
start of the decade. In fact, the first week
of May 2019 saw the country reach the
milestane of its first week without
coal-generated electricity since the 1880s.

But while electrification may have
distinct benefits once in place, itis
far from a low-caost option in terms of
upfront capital investment. Installation
and commissianing casts vary widely
depending on many factors, not least the
need to accommodate averhead catenary
systemsinta legacy infrastructure
such as averhbridges and tunnels. Where
height is restricted, the additional cost of
lowering the track bed and its foundations
to accommodate the increased headroom
requirement - or rebuilding those
structures completely - can be significant
and may also incur financial penalties for
line closures during reconstruction.

In the UK there has also been something
of afeast or famine approach to
electrification strategy over the past

50vyears: the length of track completed
per year has varied from zero to in excess
of 800 single-track kilometres (stk]. This
compares with an almast constant 200
stk per year in Germany aver a similar
period. This unpredictability is widely
thought to have exacerbated the situation,
requiring supply chains to be reconfigured
for each major new electrification project.
This combination of factorsresultsin a
current UK cost of approximately £2.5
million per single track kilometre for
electrification as opposed to around £1
million per stk for ather major

European networks.

Pragmatic and smarter
electrification

Yet while significant effarts are being
made to reduce installation costs, it
is almost inevitable that most mixed
networks of urban, intercity and rural
routes will include regions for which
the case for conventional averhead
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Decarbonizing rail

Route diagrams for
Options 1-3 (below
table] showingin

red the extent of line
beyond the reach of
battery operation.
Option 3, comprising a
total partial catenary
lengthof 10.5kmor4d
percent of the seven
routes served, enables
full battery train
operation

electrification cannot be made.

In these circumstances, argues
Jon Brown, UK business development
manager for Ricardo Rail, a smarter and
mare pragmatic approach is required:
“Akey challenge for the rail industry
internationally is to look at how we can
accommodate gaps in electrification
while still maximizing the proportion of
electric traction. This might be anything
from short section-gapsin overhead line
through bridges or tunnels to avoid the
costs of reconstruction, to longer sections
that remain naon-electrified.”

The rationale for allowing such longer
gaps in electrification can be varied.

As examples, it might be for aesthetic
considerations around installing a
catenary system foralight rail or tram
systemin a histaric city centre, or it could
be the lack of commercial justification for
the investment required for a rural route
with lower traffic volumes and

load factors.

“Either way,” continues Brown, “the
key enabling technologies for maintaining
zero emissions at point of use are those
of on-board energy storage and range
extenders: these allow electric trains to
operate beyond the reach of catenaries.”

Developing zero emissions
rail in the Netherlands

The Ricardo Rail team based in Utrecht was
asked ta investigate exactly this approach
to electrification of the Dutch rail netwark
by the northern Netherlands provinces of
Fryslan and Groningen, explains Ricardo
sustainability consultant, Martijn Wolf.

Predicted depth of discharge of

on-board batteries based on three
recharging scenarios

Routes modelled

Leeuwarden - Harlingen Haven
Leeuwarden - Stavoren
Leeuwarden - Sneek
Leeuwarden - Winschoten

Leeuwarden - Groningen Europapark

Delfzijl - Veendam

Eemshaven - Leer

Leeuwarden - Groningen Europapark [(Sneltrein)

Option1
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145
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“There is a strong regional imperative

to reduce emissions, with the provinces
having taken the palitical decision to aim
for zero emissians public transport - haoth
in terms of paint of use and generation of
the energy used - by 2025. Thisis quite
an ambitious target that cuts across haoth
busesandtrains,” he says.

“The region is unusual in that its rail
lines are part of only 5 percent of the
Dutch network that remains unelectrified,”
continues Wolf, “but we had previously
conducted a study that demonstrated
that full conventional electrification of the
linesin this region was not cost-effective
due to the comparatively light load factars

Option 1 - station- Option 2 - additional Option 3 - additional
based recharging only 4km partial catenary 4+ 6.5 km partial catenaries

[%] [kwh] [%] [kwh] [%]
30 180 57 180 57
73 115 73 115 73
22 252 40 252 40
109 157 63 157 63
248 95 77 116 72
304 166 60 166 60
135 87 79 87 79
947 -722 272 129 69
Option 3




and train frequencies. From the outset of
this study, therefore, we needed to explare
alternative approaches.”

The study, which was carried out
in callaboration with infrastructure
consultancy Arcadis, focused in particular
on evaluating different options for
range-extender solutions based on
hydrogen fuel cells used in the form
of a hybrid propulsion system, or for
partial catenaries in comhbination with
higher capacity on-board hattery energy
storage. With recent improvements and
the reduced cost of battery systems, the
latter was clearly identified as the more
attractive solution.

Initially, a proposal was considered
to use charging points at station stops,
in a similar manner to some battery-
operated bus netwarks. However, as
Walf recalls, there were challenges in
this approach: “Atrain has a much higher
charging requirement than that of a
bus, due to its size and weight. Using the
type of discrete charging points that are
available for commercial buses would have
beenimpractical due to the positioning
of stations and the length of time that
would be required for recharging. Instead,
we looked into the options for partial
electrification.”

Station-based

‘opportunity’ charging

The team maodelled a range of scenarios
combining station-hased recharging

with partial electrification. In the partial
electrification zones, trains use the
overhead line for both theirimmediate
tractive power needs as well as for battery
recharging. Thisis augmented in the non-
electrified sections with station-based
recharging paints similar to those used for
hattery bus netwarks.

internationally is to look at how we can accommaodate
gaps in electrification while still maximizing the

The simulation of daily train usage
was hased on a standard reference
trainrepresenting a Stadler GTW 2/6
articulated rail car, typical of the worst
case (interms of its likely energy storage
requirement] of rolling stock used on the
linesinthe region. In order to test the
feasibility of running battery trains using
only station-based opportunity charging,
the team calculated the required battery
capacity per route to run the specified
timetable, including an allowance for the
weight of the installed pack. This required
fitment of a 535 kWh pack, based on the
specified end of life capacity of 420 kwWh.
Charging was assumed to be carried out
atamaximum rate of 4C, meaning that
a fullrecharge cycle could be carried
outinaminimum of 15 minutes. To
accommodate this high charging rate the
team viewed LTO (lithium titanate] as the
most effective cell chemistry, a type that
therailindustry in general seems ta be
converging upon. Bespite their high costin
comparison with ather cells, LTO batteries
provide high C rate charging capacity, high
power transfer and very long cycle lives
which, coupled with exceptional safety
characteristics, provides an attractive
business case for rail.

“The initial scenario we assessed
revolved around solely station-hased
recharging without any electrification
beyand the existing network,” explains
Wolf. “However, the analysis of this mode
of operation showed that the trains’ on-

“Akey challenge for the rail industry

proportion of electric traction”
Jon Brown, Ricardo Rail UK business

development manager
board batteries would be fully depletedon ~ Onthe south of
allbut three of the seven routes modelled, ~ England 750V DC

network, Ricardo is
exploring the use of
its IGNITE software
toinvestigate power-

so some level of additional power supply
for recharging would be required.”

Addition of partial catenary restricted pinch
In a second scenario, the same seven points and make
more effective use of

routes were assessed with the inclusion of
a4 km length of overhead electrification

- representing approximately 1.5

percent of the non-electrified network
covered by the seven routes. Current
waould be collected via a pantograph

sized to accommodate the requirements
of 4C battery recharging in addition to
immediate traction power needs of the
vehicle. The results of this intermediate
scenario indicated that the use of the
battery-equipped train would be sufficient
forallthe timetable requirements with the
exception of an express service between
Graoningen and Leeuwarden.

In afurther optimized scenario, the
length of partial catenary was extended
by a further 6.5 km - representing a total
of 10.5 km or approximately 4 percent
of the network covered by the seven
routes. “This final scenario demaonstrated
sufficient capacity to operate the entire
timetable,” concludes Wolf. “Moreover,
through the inclusion of this additional
length of overhead line, the simulation
showed that two station-based
recharging facilities could be deleted,
thus mitigating part of the infrastructure
investment required.”

regenerative braking
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Decarbonizing rail

—_—

Station air quality
can be problematic
where topology is
challenging, such

as Birmingham’s

New Street (above),
where the platforms
are situated beneath
amajor shopping
centre and are used by
many diesel-operated
cross-country
services
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In addition to the assessment of
zero-emissions solutions based on partial
catenary and station-based opportunity
charging, the Ricardo-Arcadis team
also assessed options for hydrogen fuel
cell propulsion using a hattery-hybrid
powertrain solution. Armed with the
information generated from the study, the
provinces of Fryslan and Groningen and the
regional rail operatar Arriva can now make
aninformed choice about the possible rall-
out of a battery-powered fleet, with greater
insight into the costs and the madifications
required to trains and infrastructure.

Optimizing the power supply
High-vaoltage overhead AC electrification
systems such as the 25 kV standard used
in Great Britain have a high transmission
efficiency. The use of regenerative
braking processes can therefore be highly
effective within these systems as a vehicle
returning energy back into the overhead
line as it brakes can be geagraphically
remote from another vehicle drawing
power for traction.

However, thisis not the case for the
750V DC third-rail electrified routes of
London and the South of England, as John
Brown explains: “The voltage fall-off on
DC systems restricts the usefulness of
regenerative braking where energy is fed
backinto the track. Typically, such energy
thatisregenerated in braking will have
a useful range of around 1.5 km on this
type of third-rail system; beyaond this,

DC voltage drop means that it is merely
dissipated and lost.”

Even mare crucially for operational
efficiency, many traffic pinch points
on the third-rail network are restricted
by electrical capacity rather than by
signalling. This is particularly the case at
busy stations or complex junctions where
multiple trains might be accelerating
simultaneously. “To address this issue
and see how we can perhaps co-ordinate

local scheduling to gain more effective
use of the available capacity, we are
exploring the modelling of power flows

at such pinch points.” he continues. “To
do thiswe're using the Ricardo IGNITE
software - a physics-hased package
developed for complete system modelling
and simulation of complex systems

that has been successfully usedin

both automotive and water industry
applications. This may well provide
opportunities to alleviate some of the
challenges presented by power-restricted
pinch paints, while also making more
effective use of regenerative braking on
thistype of DC network.”

Incorporating
renewable energy
Elsewhere on the UK rail netwaork,
Ricardois assisting in the Green Valley
Lines project to incarporate community
renewable energy schemesinto the
proposed smart electrification of the
commuter lines running to and from
the Welsh capital, Cardiff. Aside from its
henefitsin reducing the carbon intensity
of rail traction, this approach can be
particularly attractive in areas where
the power grid is restricted and would
otherwise require significant upgrades to
supply such electrification schemes.
Working with infrastructure owner
Netwark Rail and the Energy Saving Trust,
the Ricardo team is identifying potential
sites to install community-owned solar,
wind or hydroelectric generators next to
railway lines inthe region. These sites would
directly supply the new overhead lines
with low-cost, low-carbon electricity, at
the same time providing financial benefits
tolocal communities who would own the
generators. The study is also scoping
technical solutions for directly connecting
renewables to overhead electrified lines
and analysing how best tointegrate new
energy storage technologies to help keep

electrification costs down.

Elsewhere, Ricardois also collaborating
onaresearch project toincorporate
local solar PV generation capacity into
the electrical distribution system of the
DC third-rail network south of Londan. In
this case the objective is both to provide
a source of geagraphically distributed
demand ta match local solar farms, while
alsa enabling the railway’s own distribution
network to act as a shadow grid where
connectivity to the main distribution grid
is difficult.

Air quality - the big
unspokenissue

Given the patchwark nature of electrification
inthe UK, a significant and increasing cause
for concern s the exposure of passengers
and staff at major stations and railway
depotsto pollution such as diesel exhausts
and other particulate emissionsin the
warking environment.

In 2012 the World Health Organization’s
International Agency for Research an
Cancer (IARC] re-classified diesel exhaust
emissions and related ambient air
pallution as carcinogenic and associated
with increased martality from lung cancer.
Employers are responsible for managing
the risk from exposure to this and other
hazardous substances: this applies to
both workers and others who might be
affected; in the case of railway stations,
this means the travelling public. So, station
and train operatars who have employees
working on site have a legal duty, so far as
isreasonably practicable, to manage the
risks ta the health of their employees and
passengers resulting from exposure to
hazardous substances as specified by the
regulations for the Contral of Substances
Hazardous to Health.

“It might be concluded that the worst
incidences of station air quality would be
found in major termini served by diesel
fleets,” explains Brown, “but station

Photo courtesy of Network Ra




topology can have a very significant
impact too.”

He cites the case of Birmingham’s New
Street Station, which, despite having
averhead electrification as part of the
West Coast Main Line network, is also
served by numerous cross-country and
local services which caver non-electrified
lines for at least part of their routes and
are hence operated using diesel-pawered
rolling stock. “Many of these services
will change direction at New Street and
remain at the platform for an extended
period,” he explains. “To compound the
situation, the station itself is approached
through a cutting and has a major retail
development above; as such, itisin effect
alarge underground station.”

Ricarda’s rail and air quality teams are
researching the issue of such pollution
hotspots, and are examining potential
abatement options for the immediate,
medium and longer term. And examination
of thisissue goes beyand consideration
of diesel emissions. In the Netherlands,
for example, where diesel usage is
comparatively low, discussions are
currently focusing on non-exhaust
sources of PM2.5 emissions from rail,
such as those arising from the wheel/
railinterface, the action of pantographs
on the overhead contact lines, and from
friction-based brakes.

Hybridization and last-mile
zero emissions operation
While partial electrification schemes
coupled with battery-equipped trains as
madelled by Ricardo in the Netherlands
may provide a long-term means of
removing diesel exhaust fram hotspots
such as stations and depots, a mare
immediate solution is needed in order to
alleviate the worst cases within a shorter
time harizan. One innavation being actively
explored by Ricardo in the UK is that of
the hybridization of the existing diesel-
powered fleet.

Ricardo is working as part of the

Decarbonizing rail

“The UK has many diesel vehicles on its network.
This is an opportunity to show they still have a viable
long-term future as hybrids, offering reduced NOx,
carbon and noise emissions as well as providing the
potential for lower operating costs”

Olivier André, Ricardo Rail UK MD of consulting

HybridFLEX project with UK-based
rolling stock owner Porterbrook to
provide engineering support with the
integration of an MTU hybrid powerpack
into a converted Turbostar diesel multiple
unittrain. Thisis a firstin the UK rail
industry. The HybridFLEX concept aims
to eliminate diesel operation in built-up
areas where there is no electrification
of the rail network, through the use of
hattery operation during the last mile of
running in the vicinity of urban areas, as
well as during station stops. In addition
ta reducing diesel emissians in such
urban areas, a further benefit will be to
significantly reduce noise.

When diesel power is required for
propulsion of the train it will be provided
by an engine conforming to the latest EU
Stage V emissions standards (due to come
inta force in 2021). With the on-hoard
batteries capturing the energy usually lost
when slowing the train through braking,
coupled with a more efficient engine and
transmission, the overall CO= emissions will
be reduced by as much as 25 percent when
thetrain enters service in 2020. The initial
trial period should also confirm the higher
performance and capability of the hybrid
systems compared to the standard variant
of the Turbostar train.

Ricardo’s engineering team is
performing all the integration engineering
and safety assessments of the bare
hybrid powerpack provided by MTU for
the existing Turbostar train for conversion
into the first HybridFLEX vehicle. Ricardo

is also overseeing integration of all the
mechanical, electrical and critical contral
systems, committing teams from its Rail
and Automotive divisions to support all
the engineering tasks; the teams will also
caver the relevant safety, certification and
approvals activities to ensure the safe and
successful operation of the train during
public trials.

“The UK has many diesel vehicles on
its network,” explains Qlivier André, UK
MD of consulting, Ricardo Rail. “Thisis an
opportunity ta show they still have a viable
long-term future as hybrids, offering
reduced NOx, carbon and noise emissions
as well as providing the potential for lower
operating costs.”

Once the completed trial confirms the
expected performance advantages of the
hybrid system, Porterbrook will wark with
existing and future Turbostar customers
to evaluate conversion of these fleets to
HybridFLEX, accelerating the move away
from diesel-only trains in advance of the
UK Government's stated 2040 target.

Innovation focused,
technology neutral
Decarhanizing the railwaysis clearly a
complex challenge for which there are
multiple potential technological solutions;
each is appropriate to different passenger
network types and locations - from light
rail, trams and tram-train netwarks
through to high speed intercity trains, and
fram the highly electrified lines of Europe
to the patchwork electrification of the UK.
Inextricably linked to this challenge is the
requirement to provide a safe working
enviranment for staff and passengers, as
well as value for money for fare payers and
governments and regions investing in new
infrastructure.

Asthework of Ricardoin this area
is showing, innovations in simulation
technologies, power netwarks, renewable

The HybridFLEX
concept (left] aims
to eliminate diesel
operationin built-up

) , . areas where there
energy, and air-quality manitoring and is no electrification
control can offer significant advantages of the rail network.
when caonsidered in parallel with efforts It does this through
to decarbonize rail travel. Thisisonly half ~ theuseof battery

operation during the

of the rail picture, however, and in a future
feature we will consider the emerging
opportunities to further reduce the carbon
intensity of rail freight operations. &2

last mile of running in
the vicinity of urban
areas, aswell as
during station stops
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BMW C400 series

Smart, urban -
and everyinch a

BMW

Building on more than a decade of co-operation with BMW Matorrad, Ricardo
Matarcycle has partnered with the premium bikemaker to develop a new
generation of mid-sized scooters that distil the qualities of the highly successful
C650 range of maxi-scooters into a smaller and more accessible format,

Jesse Crosse reports on the creative processes behind the new and innovative
C400 series scooters aimed at the expanding urban and touring markets
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BMW’s C650 range of luxury maxi-
scooters, co-developed with Ricardo
Matorcycle, has been a major critical

and commercial success, prompting an
initiative to extend the premium concept
into the heart of the sectar.

However, the global market for smaller
scootersinthe 400 cc categary is already
well served by a number of estahlished
manufacturers, and to enterit and
succeed is a daunting task - even fora
company of BMW's stature and standing.
Yet, with the help of Ricardo, that is
precisely what BMW Motarrad is aiming to
dowithits new C400 scooters.

The challenge, put simply, was to design
and manufacture a scooter that could

not only achieve a competitive price point
in this tightly fought market segment,
but also gain best-in-class status for
refinement, performance, handling and
premium design values. Far Ricardo, it
was to be the most daunting task yetin a
relationship with the German motarcycle
manufacturer that has already spanned
more than a decade.

Successful partnership
with BMW since 2006

Ricardo first began waork on BMW
Matorrad products hackin 2006 when

it took on the upgrade programme

for the four-cylinder K1200 superbike
engine to produce a new range of K1300

motarcycles to be launched in 2009.
The programme drew on Ricardo’s
extensive resources in Shareham and
Leamingtan Spain the UK, Pragueinthe
Czech Repuhblic and Schwahisch Gmuind
in Germany, making for a truly
multinational project.

The result was a resounding success
and since then the relationship has gone
from strength to strength. Ricarda’s
engineering of the six-cylinder K1600
touring bike engine led to this new BMW
earning rave reviews in the motorcycle
press. The first luxury maxi-scooters,
again developed with substantial Ricardo
input, arrived in 2012 and continue to be
available as the C650 Sport and C650 GT



- and since 2017 there has also been an
electric version, the C Evolution.

Mid-size market:
alogical step
With approximately 30,000 units
warldwide annually, the mid-size scooter
sector is about two-thirds of the size of
the maxi-scooter market, explains BMW's
project manager Dr Joerg Reissing. “Yet
over the years it has proved very stable,
sa it was a logical step to downsize our
maxi scooters, so we can attract new and
different target groups - there is a healthy
market demand.”

Nevertheless, the pressure was onto
produce a premium machine that met

customer expectations for the BMW
brand. “This mid-size segment is more
competitive, with many more people
competing in that space,” abserves
Ricardo’s head of maotorcycle strategy and
business development Paul Etheridge. “The
price point is much mare competitive tog,
so the product has got to be the bestin
its class and it's got to be correctly priced.
Overall,it's a lot more challenging to make a
successful product in this segment.”
“BMW'’s aim is to expand the offer on
the market,” adds Ricardo’s Massimo
Lotti, responsible for the project’s styling
team. “The big scooter segment s limited,
mainly because of the cost comparison
with 650 cc motarcycles: a big scooter can

cost substantially more than a Japanese
naked 650 cc motarcycle.”

Careful thought went inta the
positioning of the two C400 models, adds
Reissing. “Firstly, we wanted an attractive
sport version that competes with our
competitors’ offerings, and secondly we
needed a smaller version of our big C650
GT tourer, but in this lower displacement
category.”

The concept for the C400 was very similar
tothat of the larger scooter. “So, starting
from the same base, we aimed to produce
asportversionand a GT version,” explains
Lotti. These became the C400 X (sport]
and C400GT (touring). Yet even though the
400 parallels the thinking of the 630, the

BMW C400 series
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Innovative engine mount gives

smoothride, quick handling

Ascooter differs from amotorcyclein that the engine assembly also
doubles as the rear swinging arm and is continually moving when the
scooteris being ridden. “This kind of application,” says chief chassis
engineer Massimo Lambertini, “is difficult to do well because you have to
decouple the vibration coming to the rider and passenger from the engine

viatheframe.

“Todo this, the pivot would normally have a rubber-mounted hinge
pointwith two degrees of freedom. The rubber mountingintroduces
flexibility between the engine and the frame, and this givesriders a feeling
that the rear wheel is steering while they are cornering. You get the feeling

thattherear of the scooteris not following you,” he explains.

Ricardowas able to channelits considerable simulation skillsinto
developing a coupling system that provides a very high pivot point
forthe engine. “This gave usriding characteristics similarto that ofa
motorcycle,” continues Lambertini. “There are some rubber elements
but compared to all the competitors with the same kind of engine and
rear wheel design, thisis widely acknowledged as being best-in-class.”

two platforms are completely different and
there is no similarity or carry-aver between
the maxi-scoater and the mid-size ane.
Interestingly, the idea of producing a sport
and GTversion fromasingle platform
ariginally came from Ricardo at the
beginning of the maxi-scooter project.

Urban agility and GT
cruiser off one platform
The challenge, says Massimo Lotti, isto
use scoaters based an a single platform
to compete against the best sellerin each
of the sports and tourer categories: “We
were up against two different models from
two of the world’s top manufacturers,
Yamaha and Suzuki, and now Honda is in
the market too,” he explains.

This would be tough enough as it was,
but to mount that dual challenge fram
a single platform would be tougher still,
particularly as the underlying chassis
and suspension design would have to
deliver two distinctly different sets
of vehicle dynamics. By caontrast, the
competitors’ machines were designed
from scratch to deliver those respective
attributes. But the outcome, Lotti
recounts with some satisfaction, is that
independent reviews rate the C400 X as
the bestin classin the ‘Sport’ categary,

while the GT version has received very
positive feedback as a ‘tourer scooter’ -
avery good result.

As the brief evalved, the decision was
taken to dial back the sporting attributes
of the C400 X ta retain an urban focus,
creating a scooter with a lighter and
more agile feel than the grand tourer.

The approach is what the designers call
‘cross-city.’ Inthat urban segment a true
sports scooter makes less sense because
it does not need to be uncompramisingly
sporty, and it must appeal to a city-hased
customer. The idea was ta make a vehicle
that felt light and agile to the touch - one
that could easily take on the cut and thrust
of urban traffic and allow the rider the
freedom to make rapid progress through
the most crowded streets.

The feeling of agility riders get from
the nimble C400 X is engineered into the
chassis, and the scooter is also 8 kg lighter
thanits GT sister. “Thatis mainly due to
differencesin the body parts,” explains
Massima Lambertini, who was responsible
for chassis design and development.

Design cues from

legendary GS BMWs

On both the C400 X and C400 GT, the
BMW styling department team introduced

“Itwas a logical step to downsize our maxi
scooters, so we can attract new and different
target groups - there is a healthy market
demand” Dr Joerg Reissing, BMW project manager
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some of the styling language from the
BMW GS off-road touring motarcycle.
“The GSis notan avert sports bike, it'sa
cross-tourer, so we had the opportunity

to provide a similar feeling on a scooter,”
explains Lotti. “The GT was a different
proposition. We wanted to create a true GT
focusing on fuel ecanomy, comfort, riding
paosition and all the attributes a true GT
should have.”

One concept introduced on the bigger
scooter was a Ricardo idea: the patented
Flexcase system, originally launched on
the C650. The storage system can drop
down to allow a full-face helmet to be
locked away securely while the scooter is
stationary and in the normal position, and
can be used for general stowage when the
scaoter is being ridden. While the Flexcase
systemis not new to the marketasa
whole, the BMW machines are the only
scooters available with anything like it.

The main target for the chassis design
was to create an extremely rigid engine
mounting and achieve the highest
standards of handling feel. “One of the
weak points of other scooter designs is
that the engine is completely rubber-
mounted, so the engine and rear wheel
unitis not sorigid. Thisis to avoid naise
and vibration from being transmitted to
therider and passenger, but it's not great
for rideability,” explains Lambertini.

Atthe front thereis a 15-inch wheel
to ease the shock of urban potholes, and
telescopic forks aim to give the best ride
possible. A small subframe, mouldedin
plastic, supports the instrument panel
and frontlights. The C400s incorporate
some carry-over design features from
other BMW hikes, such as the handlebar



switches, headlights and instrument
cluster, to provide a strong link with the rest
of BMW'’s two-wheeled family. The design
goes one step further than competitors
with the addition of a twin (rather than
single] front disc brake set up with four-
piston calipers toimprove safety and give
therider a greater feeling of security.

Engine and
transmission design
Awater-cooled, port-injected 350 cc
single-cylinder four-valve engine with a
single overhead camshaft and roller finger
followers provides the power. Outputis 34
PS at 7500 rev/min and torque is 35 Nm at
6000 rev/min; both the C400 X and C400
GT conform to the latest motorcycle EU4
emissions standards.

Engine design work started in 2013
with some initialinformation from
BMW, and Ricardo was also involved in
initial benchmarking and defining the
specification. That involved reviewing
existing products to establish the
optimum engine capacity, and BMW'’s
desire for some similarity with other
Matorrad engines meant the bore size
was initially set at 80 mm. “We hoped
to use some carry-over parts like the
valve train components and the piston
butin the end the parts were all made in

BMW C 400 X product highlights

Multifunctional instrument cluster
with 6.5-inch full-colour TFT screen

LED lighting technology
asstandard

Telescopic fork
atfront

China specifically for our project,” says
Ricarda’s Nikola Fiket, who was in charge
of powertrain design and development.
The engineincorporatesa CVT
transmission, with the front pulley
mounted on the crankshaft. The second
pulley is connected ta the first by a rubber
belt and drives a fixed-ratio secondary
drive with a small centrifugal clutch.
“These components account for more
than half the weight of the swing arm,”
says Fiket. “We also had responsibility for
the airbox and complete air intake, which
is also assembled through the swing arm.
The exhaust systemis connected to the
right-hand side of the swing arm.”

Balancer shaft: yes or no?
Some scooter engines have a balancer
shaft for smoothness, while some others
that do not still scare well an vibration

and refinement. “The big question was do
we need one, and what would be the best
position for it?” remembers Fiket. BMW
looked at its two main competitars - one
which had the most rapid performance
and wasn't equipped with a balancer shaft,
and the other, rated highest for refinement,
which did. The objective was to achieve
the best of both and become the new
henchmark for others to follow, so the
decision was taken to include the shaft.

“We chose the best position for the
shaft to quell vibration and also take
into account the swing arm pivot paint
we wanted. Intake gas flow was also the
subject of considerable simulation wark:
as the cylinder lies almost harizontally
sotheairintake hastoturn 180 degrees
through the swing arm.”

And although relatively conventional
inits approach compared to othersin
the market, the detailed design of the
BMW combustion system in terms of
combustion stability, tumble ratio and
airflow generally is at the cutting edge of
what is technically possible.

Production: technology
transfer to China
The chassis and fairings for the familiar C650
series are manufactured in Europe, and
were designed in callaboration with Italian
scooter specialist EXNOVO (now part of
Ricardo Matarcycle), while the C650°s engine
is produced by Taiwanese manufacturer
KYMCQ. In contrast, for the new C400 the
manufacturing is carried out entirely in
China, by LONCIN at its plantin Changging.
Quite apart fram the design and
engineering of the vehicle itself,
the management of this remote
manufacturing process was a demanding
task and needed careful handling, as

Two storage
compartments

Chassis with rugged
tubular steel frame

BMW C400 series

Flexcase for
two helmets

Two spring struts
atrearwith ample
spring travel

Torsionally stiff
drivetrain swingarm

Efficiency-optimised
single-cylinder engine
with CVT gearbox

Powerful braking system with
ABS as standard
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BMW C400 series

“We took much more responsibility for the design

and development as well as helping the new
supplier base to deliver components meeting
BMW'’s stringent quality requirements” Paull
Etheridge, Ricardo head of motorcycle strategy
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BMW's Dr. Joerg Reissing explains: “One
of the main challenges was to ensure fast
and efficient communications between all
the parties involved, including suppliers.
Considerable effort went into estahlishing
standard processes to ensure excellent
levels of quality.”

The final result, a scooter which would
be sold in Europe aswell across global
markets, had to be 100 percent BMW not
justin quality, but in look and feel tao. Overall,
the engineering team had to work within
the technical capabilities of the suppliers,
and one of the issues was the fact that
component valumes were being measured
inthe thousands rather than the millions
that many Chinese suppliers are used to.

“Thisis a substantial step further than
before,” explains Ricarda’s Paul Etheridge.
“We took much mare respansibility for
the design and development as well as
helping the new supplier base ta deliver
components meeting BMW's stringent
quality requirements. This alone represented
anentire area of work, and of course it
wentwithout saying that the manufacture
of the final vehicle also had to meet BMW
requirements of quality and refinement.”

One of the ways this was managed
was to perfect the various assembly
technigues in Europe, then transfer and

demanstrate them in China. At that paint
the processes were adjusted to suit the
Chinese workforce. All testing is carried out
in China and the scooters are assembled
on two production lines, the first for the
powertrain and the second for the entire
scooter, which at the end of the process is
ready ta ride away.

Excellent outcome - and
the media agree
The end result was exactly as expected: a
scooter that iswell designed, well specified
and with great handling. “Our focus was
on typical BMW styling, market-leading
innovations like connectivity with a large
TFT display, and a riding experience that
is closer to a matorcycle than a scooter to
deliver our brand-core Joy’,” says Reissing.
Like their higger predecessors, the new
BMW scoaters have proved as popular with
theworld's press as BMW hoped. “Intown an
excellent turning circle allows the CA00 X to
easily be U-turned in aroad and itslight feel
and narrowness means you can zip through
gaps, while the riding pasition means your
feet are always close to the ground...” said
Moator Cycle News. “The C400 X looks and
feelsa premium scoater...”
Visor Downagreed. “The CA400 X was a
delight toride - it felt agile, and far lighter

thanits 204 kg wet weight. The torque

of 35 Nm peaks at 6000 rev/min, but
there’s plenty of grunt throughout and the
compact 400 easily hits the ton with a bit
more tagive.”

The leading website went on to say:
“thanks to a ‘vibration-decoupled engine
mount’ - rubber bushings damping the
engine vibration - the bike is remarkably
smoath, and there’s very little shake
through the bars and mirrars. In fact, even
at higher speeds you could still get a clear
view of what's behind you.”

Mannheimer Morgenwas deeply
impressed with the C400’s new navigation
system, finding that the simple interface
didn’t distract or mislead the rider, and in
athree-hour test ride around Milan was
“absolutely perfect.”

The competitively priced C400 scooters
arenow on sale, with features such as
automatic stability control (ASC) and ABS
as well as BMW Motarrad Connectivity
which allows the rider to access phone,
music and navigation via a multi-function
controller on the handlebars.

A satisfied Reissing notes that
“Ricardo made important contributions
for the success of the project due to
comprehensive knowledge of complete
vehicles, the interactions between
development and production and quick and
flexible workflows.”

Allin all, the new C400s are compelling
new products of which both BMW and
Ricardo are rightly proud, marking another
milestone inwhat has proven to be a hugely
successful relationship between the
two companies. &



Green fuel for ships
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With the world waking up to the global climate emergency, major industries are
looking towards zero carbon emissians by 2050 or earlier. Shipping, responsible
for between 2 and 3 percent of global greenhouse gas emissions, has been one
of the slowest to be regulated and hence, to embrace technical change. Yet
according to a new Ricardo report there could be an answer, in the surprising
shape of ‘green’ ammonia. Tony Lewin explains

The shipping industry, with its high Organization has agreed to halve the Decarbonized powertrains are at varying
investment costs and long replacement sector’s greenhause gas (GHG) emissions stages of developmentin almast every
cycles for vessels and their engines, has by 2050. The quantities are significant: if transport sectar, with batteries, hydrogen
traditionally been a slow mover when it sea transport were a country, it would rank and synthetic fuels all vying for advantage.
comes to environmental initiatives. Recently,  fifthinthe world for GHG emissions, midway ~ Butin shipping the route forward is less
however, the International Maritime between Japan and Germany. clear: battery power is currently inadequate
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Green fuel for ships

Comparison of fuel characteristics

Temperature for
liquid storage

Tank volume for 1,000

nautical mile range
of Handymax carrier

Liquefied

Marine gas oil
natural gas

Green
hydrogen

Green
ammonia

Methanol

Zero GHG Zero GHG
Low-carbon o o
emitting emitting

(2.3 x MGO)

34°C (or
pressurised)

555m?3
(7.6 x MGO)

e lShDrt o .
ong voyages long voyages long voyages ong voyages

B Best performing [ Acceptable [l Problematic

Greenammonia
scoreswell under

every heading, itsonly
minor drawbackbeing
lower energy density
than other liquid fuels
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forany but the shortest of ferry routes,
and hydrogen has challenges due to
infrastructure issues. The liquefied natural
gas fuel that has recently become more
popularis helpfulin avaiding the sulfur
emissions of traditional heavy fuel oils and
does slightly reduce CO: impact thanks to
its the lower carbon content; however, truly
climate-neutral synthetic fuels are still too
expensive for this acutely cost-conscious
sectorand are nat currently available.

One possibility gaining traction is carbon-
free ‘green’ammonia, and its potential is
highlighted in a study published by Ricardo
Energy & Environmentin spring 2019 on

behalf of the Environmental Defense Fund, a
leading international non-profit organization

addressing environmental problems. The
report, entitled Sailing on Solar: Could
green ammoania decarbonize international
shipping?builds a strong case for ammonia
as a fuel which could not anly decarbonize
maritime transport but also help boost

the economies of developing nations. The

connection might appear obscure but, aswe

explain below, it could make perfect sense.

Ammonia as agreen fuel
Onthe face of it, using greenammoniaas a
marine fuelticks a great many hoxes. The

lifecycle of green ammaniaiis climate neutral

if it is generated using carbon-free energy,
and the fuel can be used in existing marine
diesel engines with some madifications to
the powerplant and fuel storage systems.

Thereis a potential for the same fuel to be

used later in fuel cell equipped vessels.

Ammonia is a known compoundin
industry. It iswidely used in transport as
areductant, stored as AdBlue for use in
the selective catalytic reduction (SCR)
systems employed to reduce NOx from
diesel exhausts. Despite its corrosiveness,
ammonia is in general easier to stare
than hydrogen and does not require
cryogenic freezing.

More compellingly still, if that ammania
is produced using renewable electricity,
the whole fuel value chain becomes fully
climate neutral. Abundant solar irradiation
in many developing countries in the
equatorial belt and southern hemisphere
gives them the potential to set up green
ammonia plants as part of extended solar
farms. These could provide sustained
demand for renewable energy and thus
help the region or nation reach the critical
mass required to increase the contribution
from renewables in their energy mix. And
thatin its turn could help displace existing
GHG-intense sources of generation, further
reducing aggregate global GHG emissians.

In the Sailing on Solar report, experts
from Ricardo Energy & Environment have
detailed some case studies of possible
installations, each of them close to
busy shipping routes so as to allow easy
refuelling of vessels and loading of bulk
ammonia carriers. Among the locations
examined are Morocco, Greece and Chile.

How is green ammonia
produced?

Ammonia (NHs) is a compound of hydrogen
and nitrogen, and in conventional industrial
methods the hydrogen is reformed’ from
carbon-based feedstacks like natural gas,
ail or coal. In the green ammonia process,
renewable electricity powers electrolysers
that split water into its constituents of

hydrogen and oxygen; the hydrogen is then
stored ready for the next process, which
sees it comhbined with nitrogen harvested
from the air using an air separation unit,
again a familiar technology.

The electrolyser plants for green
ammonia production are made up of
multiple modular units that can operate
atlow loads and can be stopped or
started easily, says the report. These
characteristics give them high operational
flexibility, which is well suited to renewable
electricity with fluctuating output.

The Haber-Basch process for turning the
hydrogen and nitrogen into ammonia is also
an established one. The technique involves
an exothermic reaction (one that creates
heat] that works best when it continues
uninterrupted, explains the report, butitis
possible to design a Haber-Basch plant with
the ahility to operate mare flexibly and to
reduce the load at times of lower electricity
output from intermittent renewable
sources. In terms of energy demand
(excluding the desalination plant that
provides the pure water], the electrolyser
absorbs some 92 percent of the total, with
the Haber-Bosch synthesis accounting for
just 6 percent.

Buffer storage tanks for both hydrogen
and nitrogen allow the system to absorh
surplus electricity supply, as well as
enabling the process to continue even when
renewable generation is low. Infact, says
Nick Ash, one of the report’s authors, the
electricity supply could drop by more than
92 percent and the Haber-Bosch process
could continue operation near full load.

Green ammonia on board ship
The central advantage of using ammonia
in any combustion application is that it
contains no carbon atoms, so the fuel
itself does not give rise ta any carbon
emissions. The harmful sulfur and heavy
metal emissions associated with heavy oil
bunker fuels are avoided too.

With large diesel engines running on
heavy fuel oil being so dominant in the
shipping sectar, these engines would be
the natural entry paint for the new marine
fuel. Yet the report identifies three further
potential shipboard applications: firstly,
indirect use as a hydrogen carrier for a
hydrogen fuel cell system; secondly, to
react chemically in a solid oxide fuel cell
system; and finally, and perhaps least
promisingly, for direct combustion in gas
turbines - as used in some military ships.

As always, the substitution of the new
fuel may not be quite as simple as plug and
play. Because ammonia can be difficult
to combust, especially at low loads and/
or speeds, a support fuel (probably a fossil
fuel or hydrogen] will likely be needed
to ensure smooth operation. And given



the corrosive nature of ammania, the
main fuel storage and supply system
would have to leak free and avoid certain
materials such as copper, brass and zinc
alloys, as well as rubber and some plastics.

The storage of ammonia is much less
problematic than hydrogen, the anly other
current contender as a carbon-free fuel:
ammonia can be kept under pressure at
around 10 bar, or refrigerated to -330C,
though it is much less energy-dense than
heavy fuel oil and occupies roughly four
times the space of a fossil fuel tank giving
the same range.

Emissions profile

Combustion of ammania either under
stoichiometric or lean conditions can
form NOx, notes Matthew Keenan,
aftertreatment and chemistry technical
specialist at Ricardo’s Shoreham Technical
Centre. “NOx emissians are formed in
the combustion process under high
temperatures, above approximately
2000K,” he explains. “This can be
contralled, to an extent, by optimizing
the engine operating conditions, and
additional NOx control will be achieved
through the application of an SCR-hased
aftertreatment system.”

Spark-ignition stoichiometric
NHs combustion will have higher
NOx emissions compared to lean
compression-ignition and lean spark-
ignition NHs combustion owing to the
higher peak combustion temperatures.

The aftertreatmentis likely to be an
SCR system, broadly similar to those
already in use on many lean combustion
engines. And no separate AdBlue supply
will be needed as the reductant is
contained in the principal fuel; even sg, the
aftertreatment and reductant supply may
impact avessel's payload and packaging.

As for particulate matter (PM], so
long the bane of the diesel enging, the
Ricardo engine performance development
department cautions that PM emissions
can still be expected from NHs-fuelled
engines. However, NHs is expected to
resultin a much less visible emissions
signature, with reduced black smoke. As
with diesel engines, the lubricating ail will
contribute to PM emissians, along with
any hydrocarbon-based fuel used as a
combustion enhancer.

Also, signal the specialists, the NHs fuel
itself may form salid nitrates which will
contribute to PM emissions. Appropriate
aftertreatment filtration systems may be
required to minimize particulate matter.

Timescales

The urgency of the global climate crisis and
the slow pace of upgrades and replacements
inthe marine sector mean that low-carban

shipping needs ta begin feeding into
international fleets within the next five years,
if nat earlier. As ships have a typical lifespan
of 20to 30years, it isimportant to act soon.
MAN, a leading manufacturer of marine
engines, is planning to develop one of
its engine maodels to run on ammania,
targeting brake thermal efficiency in the
region of 50 percent, notes the report.
Furthermare, MAN also indicated that
up to 3000 existing engines could be
retrofitted to run on ammonia. Itis not
clear from MAN’s plans whether their
approach is compression- or spark-
ignited. The firm anticipates that a
relatively short timeframe of two to three
years would be required to develop and
test its engine for ammania combustion,
which indicates that it is technically
achievable to have new and retrofitted
existing vessels with ammonia-operated
engines in the next decade.

Outlook

Green ammonia, concludes the report,

is a technically feasible solution for
decarbonizing international shipping,
even though there are many development
steps required prior to its introduction. It
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is afuel that can be combusted in engines
and potentially used for fuel cellsin the
future. The pathway to its deployment
can begin using technologies familiar to
the maritime sectar: diesel or dual-fuel
engines in new and existing vessels.

But to make a success of this pathway,
what is needed is certainty - both for the
marine industry in building and retrofitting
suchvessels, as well for a green ammonia
supply industry to manufacture at scale.
This must be provided by strategic
and policy measures adopted by the
International Maritime Organization. This
wauld encourage green ammonia and
vessels that can accommodate it to be
introduced within the timescales required
to achieve the IMO’s decarbonization
targets.

What is more, demand from shipping
could unlock investment in the green
ammonia supply chain, including low-
carbon industry and renewable electricity.
This represents a unique opportunity for
sustainable economic development and
distribution of bunkering infrastructure
around the world - especially for
developing economies rich in renewable
energy potential. &

Green fuel for ships

Case study shows
Moroccoasan
excellentlocation
foracarbonneutral
ammoniaplant,
withabundant solar
radiation, seawater
and big volumes of
shipping alongits
Atlantic coast
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Ammonia in other engines

Thankstoits hydrogen content, ammonia can operatein a variety of different combustion engines and
energy conversion devices. As well as conventional reciprocating piston engines, ammonia can alsobe
burnedin gasturhines. However, its lower energy density than conventional jet fuel rulesit out for long-

and even medium-haul aviation applications. For the same reason, itis not a suitable road fuel but, says
Ricardo, NH: has the potential to be a viable fuel for stationary power.

Fuel cell applications are still under study, and initial indications are that ammonia could operate equally
wellin both PEM fuel cells, with their higher precious metal content, and in solid oxide fuel cells which run at
hightemperatures. In both cases, ammonia could offer advantages over hydrogen, which has to be stored
under much higher pressure.
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Ricardo News
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International rolling stock manufacturer
Bombardier Transpartation has appointed
Ricardo and Roke Manor Research to
implement a new approach for managing
digital risk in connected transport
systems, focusing on the AVENTRA
platform. This project expands on the
unique digital resilience collaboration
between Ricardo and Roke, a partnership
built upon the twin foundations of
Ricardo’s position as a global leader in
technaology and innovation across the
transportation and mobility sectars, and
Roke’s world-class experience in cyber
security and communications.

The Ricardo-Roke team will work with
Bombardier's in-house engineers to
produce a full appraisal of the AVENTRA
vehicle's digital security risk profile,
starting from the perspective of the
priorities of Bombardier customers. The
AVENTRA s an electrical multiple unit train

Latest developments from around the
global Ricardo organization

that was introduced to the UK netwark
in 2017 It willbecome increasingly
familiar to the country’s commuters over
the nexttwoyears asitis added to fleets
serving the south west, eastern and
west midlands regions. Bombardier has
requested anin-depth assessment of the
AVENTRA's exposure to a range of possible
threats - from espionage to remote
hacking - and to evaluate the patential
impact on its operation.

Doug Blanc, Ricardo Rail's head of
digital railway, explains: “Unlike traditional
enterprise security assessments, the
Ricardo-Roke approach focuses squarely
on the unique characteristics and priorities
of day-to-day rail operations, such asthe
importance of maintaining a safe and open
enviranment for passengers whilst ensuring
minimum disruption to the network.”

Todeliver the findings, the team will
benchmark the AVENTRA against current

Automotive cyber security consultation

The 5StarS consortium - which takes in Ricardo and Roke, together
with HORIBA MIRA, Thatcham Research and Axillium Research - is
aimed at addressing the increased cyber security threats associated
with connected and autonomous vehicles. In support of this goal, the

consortium hasreleased a consultation paper to seek feedbackona
new assurance framework to assess the cyber security of vehicles.
The 5StarS project, whichis funded by Innovate UK, is seeking
feedback from automotive manufacturers, government and insurers
toensure thisrevolutionary framework s readily adopted when
finalized this summer. The SStarS assurance framework outlined in the
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industry standards and national legislation.
Thisincludes the Network and Information
Systems Directive (NIS regulations), as well
as well-defined practices from sources
such as National Institute of Standards and
Technaology, Certified Information Systems
Security Professional, and previous
vulnerability and risk reviews conducted by
Roke for the UK Ministry of Defence.

Once the investigations are concluded,
the team will provide Bombardier with
a detailed risk-based assessment of
the AVENTRA platform, accompanied
by recommendations that identify
vulnerabilities and mitigate riskin an
appropriate way, forincorporation into
Bombardier’s existing risk management
practices. This assessment will provide
Bombardier customers with a significant
evidence base with which to demonstrate
compliance with the NIS cyber
assessment framewark.

consultation paper will enable manufacturers to gain assurancein their
products, use cyber resilience as a market differentiator and establish
meaningful ways of communicating cyber security risk to consumers.
The paper provides aroadmap toincreasing assurance, which
starts by meeting the requirements of the emerging regulations and
standards such as ISO/SAE 21434, while introducing independent
vehicle vulnerability assessments. This allows the framework to be
adapted to cope with continually changing threats. The paper also
proposes a consumer-facing risk rating system to reassure consumers
about their choice of vehicle.




VR helps global engineering

collaboration

With complex automative engineering
programmes being carried out to
unprecedentedly tight timescales and to
ever higher levels of design optimization,
the process of formal gateway-

hased design reviews is crucial to the
achievement of performance targets and
design for manufacture and assembly.
Ultimately, market success can depend
on the gateway structure, too.

This challenge is further compounded
by the almost universal requirement for
the collaboration of different specialist
teams on aninternational basis as
automakers seek to develop platforms
applicable to multiple markets; at the
same time these teams must also draw
on their own engineering resources fram
multiple locations.

Ricardo hasinvested in the
development of advanced immersive
Virtual Reality [VR] capahilities to promote
effective and efficient design optimization
by geographically dispersed teams. This
technology, in the form of the Ricardo VR
Engineering Design Review app [depicted

below], was showcased for the first

time in May to delegates at the Vienna
Motor Sympasium. It enables users to
investigate complex CAD designs, at full
scale, ina shared immersive VR session,
connecting interdisciplinary teams,
customers and suppliers acraoss the world
ina 30 virtual environment.

The live demonstration in Vienna,
in collaboration with engineers at
Ricarda’s UK headquarters, was based
onan engine CAD model in which users
were able to manipulate and examine
individual components as well as show,
hide and isolate sub-assemblies.

The app’s dynamic cross-sectioning
tool also allows users to visualize the
innermost components - something
that would not be possible even with
physical prototypes - while also
assessing the potential for companent
clashes, manufacturability and ease of
assembly. In manipulating the madel,
users can also take measurements, add
3D annotations, and record screenshots
and voice memos.

Ricardo News

ZEV vision for UK heavy
goods transport

Anew Ricardo study, commissioned by the Committee on
Climate Change as part of research forits Net Zeroreport,
outlines the costs and requirements of infrastructure to
support azero-emission heavy goods vehicle fleetin the
UK by 2050, as required by the Government’s proposed
decarbonization targets.

Although electric and hydrogen vehicles are emerging
asviable alternatives to diesel in the passenger car
fleet, the most cost-effective route to decarbonizing
the heavy-duty vehicle sector is not so straightforward.
Policymakers need a full understanding of the entire
ecosystem necessary to enable net-zero emission heavy
goods vehicle transport to become areality. The Ricardo
study provides this much-needed infrastructure insight.

Arange of infrastructure types was considered,
including refuelling stations for hydrogen fuel cell electric
vehicles; depot-based chargers and ultra-rapid charge
points for battery electric vehicles; electric road system
infrastructure - specifically overhead catenaries for
battery-electric or battery-hybrid vehicles; and hybrid
solutions combining elements of the above.

In addition to estimating the infrastructure costs
for net-zero emission heavy goods vehicles, the
project also considered issues around build rates and
otherinfrastructure changes needed to deliver these
scenarios. Identification of these challenges will help
policymakers evaluate the broader implications of
the deployment of various types of infrastructure,
facilitating well-informed decision-making.

The study concludes thatimplementing an
infrastructure to supportzero emission heavy-duty
vehiclesis achievable, but there are key challenges
including planning, co-ordination, supply chains, resources
and materials, and the need for askilled workforce and a
strong government policy to enable the market todeliver.

Advanced hybrid transmission for Geely

Geely Auto Groupis one of China’sleading automakers andisaname that
commandsinternational respect forits focus on new energy vehicles. To
supportits future productrequirements, Geely has selected Ricardo to
assistwith the development, right through to productionimplementation,
of anew advanced transmission for range-extended plug-in hybrid
vehicles. Keyrequirementsfor the transmission are high efficiency and
competitive cost for high volume A- and B-segment products.

The approach takenis highly collaborative and flexible, with co-located
jointteams comprised of Geely and Ricardo engineers based in both the
UK and in China. Not only does this support good internal communications

and optimal decision-making processes, it will also helpin meeting
challenging time-to-market targets. In addition to the core engineering
team, supportwill be available from Ricardo’s technical centresin
otherlocationsincluding the Czech Republic. Ricardo’s involvement will
encompass the mechanical design, control and calibration of the new
transmission.

The collaboration with Geely builds on Ricardo’s strong track
record in assisting a wide range of customers in the development of
advanced transmission technologies and successfully bringing
them to production.
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In the face of increased demand for offshore wind energy, andin
the light of the UK government'’s recently announced ambition to
deliver 30 percent of the country’s electricity from this renewable
source by 2030, Ricardo is creating a dedicated team to service a
significant growth in the parallel demand for consultancy expertise,
including the pravision of advanced technologies and innovations
developed by the company.

The new team represents a significant expansion of Ricardo’s
activity in offshore wind consulting, and builds upon the company’s
investments in technology development specific to the unique
demands of offshare wind energy. The marine environment

brings significant opportunities as the prevailing winds are both
strong and reliable and, freed from the constraints of land-based

transportation and installation, the size of turhines employed can
be greater. At the same time, the challenges of maintaining and
operating wind turhines in the marine environment are considerably
greater than those on shore, meaning that operation and
maintenance casts are much higher.

The key business driver for the success of any wind energy project
is the cost per megawatt hour of electricity generated, and for this
reasan, technologies that can help deliver reliability and service life
are extremely valuahble. This has been the focus of significant effort
by the Ricarda Innavations teamin recent years - work which has
resulted in the development of a range of proprietary wind energy
innovations that the company can now explait in the pravision of
high-value engineering and strategic consulting services.

Australian rail acquisition

engineering, project management, human
factors, testing and commissioning and systems
integration. It has delivered an impressive record

of Transport Engineering expands Ricarda’s rail
business to around 700 members of staff.
“Transport Engineering has built a first-

InMay 2019 Ricardo plc announced a share
purchase agreement to acquire the assets,
operations and employees of Australia’s Transport

Engineering Pty Ltd business, with the acquisition
expected to complete on or before 30 June 2018,
Transport Engineering has a strong technical
advisory capability taking in the full lifecycle
management of rolling stock and maintenance
procurement programmes on behalf of its
clients, as well as the provision of on-site
inspectors and auditors in suppliers’ premises.
It also covers safety engineering, maintenance

of growth since it started trading in 2015 and
employs circa 100 engineers and specialists
across Australia and parts of Asia.
Ricardo’sinterest in the rail sector is
underpinned by the increased global demand
for urban and high-speed transpart netwaorks
and the rapid integration of critical and complex
rail technologies as governments respond to
accelerating levels of urbanization. The addition

class operation in Australia, with animpressive
portfolio of projects and capabilities,”
commented Ricardo Rail MD Paul Seller. “By
supporting the consultancy’s desire to offer an
increased range of technical disciplines toits
clients, we can help it continue to grow within the
Australian market and, by extension, support
our mission to build a world-class rail services
business.”

Ricardo receives Sir Henry Royce Memorial Foundation award

% ‘

This special award was presented to Ricardo at
adinner of the Worshipful Company of Carmen,
aLivery Company of the City of London founded
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in1517.The keymodern charitable aim of
thisLivery Companyis ‘to promote fellowship
among those engagedinthetrade of transport’.
The SirHenry Royce Foundation Award has been
presented eachyear since 1983, primarily to
recognize endeavoursinthe sphereoftransport,
of national orinternational significance and
involving skill, dedication or technical perfection
of the highestorder, in conformity with the
untiring pursuit of excellence thatwas the
philosophy of Sir Henry Royce, the engineering
genius behind Rolls-Royce.

The award citationreflectsRicardo’s

ownlongand proud history, being given “in
recognition of over a century of this British
company’s world-leading technologiesin
automotive engineering and transportation,
including the 1917 battle tank engine, the
turbulent side-valve cylinder head 0f 1921 used
almostuniversally until the 1940s, and the
Cometdiesel combustionchamber developed
in1931 - the design standard until the eighties.
Postwar, Ricardo developed the Harwell Air
Pollution Model, 4WD viscous couplingsforrally
cars, the BugattiVeyrontransmissionand V8
enginesforMcLarenroadcars.”
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Delivering Excellence Through IR
Innovation & Technology

Ricardo Motorcycle
Conference 6.0

Riding Future Technologies

Join us for expert insight and discussion on the future of motorcycle and urban
mobility technologies, and the market drivers that will change our industry. ‘

4 November 2019 - Milan, Italy

Venue: Museo Nazionale della Scienza e della Tecnologia Leonardo da Vinci

Dinner: Deus Café, Milan

Register and find out more by visiting our website.

motorcycleconference.com
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