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HOW TO USE THIS EBOOK


Select one of the chapters from the main contents list and you will be taken straight to that chapter.





Look out for linked text (which is blue) throughout the ebook that you can select to help you navigate between related sections.





You can double tap images to increase their size. To return to the original view, just tap the cross in the top left-hand corner of the screen.





Authors’ Note



This book is not an encyclopedic history of every single supercar ever made. Nor is it a book about all of the science and engineering behind every innovation on a motor car. Its ambition is to highlight the key elements of supercar science that have shaped the way these amazing vehicles are made, including those that have also made a significant impact on the mass-market automotive world. The major milestones in supercar science are told through the firsthand recollections of some of the genre’s most iconic figures, and all interviews included herein are exclusive to the authors.


Not every piece of modern-day car science has evolved through supercars, but there are dozens of examples within these pages that illustrate just how important and influential supercars have been, and no doubt will continue to be.
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The Bugatti Chiron has pushed the science of supercars to the boundaries of physics.





Introduction by David Coulthard



The very best supercars combine engineering, science and art. There is the individual look and style of a certain marque, such as a Ferrari, Bugatti or Mercedes, but making a new car instantly recognizable isn’t enough. These manufacturers have to marry the art of styling with absolute engineering technology, plus the science of great performance. When they get that right, these supercars basically represent the equivalent of high performance aeronautics. These machines are the NASA of the automotive industry.


The science hasn’t always been so comprehensively advanced, as this book will illustrate. Early technology was rather protracted and at times slow to develop. In addition, many of the super-sports cars of yesteryear were developed with road and track credentials. Obviously, as motorsport has advanced to new pinnacles, those cars no longer can apply to the road; however, supercars have also advanced independently of the race track and are now capable of staggering performance. So the challenge for the designers and engineers behind these great machines is finding a way to maximize the technology and scientific understanding that is out there – on subjects such as power-to-weight ratios, centres of gravity, aerodynamics, thermodynamics and so on – but with a real-world use-ability.


It’s not just the engineering science either – the advances in materials such as alloys and composites all play an absolutely crucial part in this evolution. These are halo cars for the manufacturers, but the benefits of the science behind them out in the wider automotive world are manifold. I think we are at a very rich place today in terms of high-performance sports cars, as there exists an incredibly vibrant supercar and hypercar market. These are iconic pieces of engineering that look incredible, sound amazing and have stunning performance – how that is achieved through cutting-edge science and ingenuity is the focus of this book. The very best examples of these supercars go beyond anything that has been seen before. These are remarkable science projects that will also be useable road cars and that in itself is all credit to human ingenuity.
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The construction of a modern supercar requires a level of precision more akin to a laboratory than a factory – as witnessed here at Bugatti in Molsheim, France.





Chapter 1



THE BATTLE FOR POWER


The formative decades of the science of the car – and by later association, the supercar – are all about power and invention.


In the years leading up to the introduction of the motor car in 1885, transport was essentially horse-drawn or steam-powered. Way back in 1769, French inventor Nicolas-Joseph Cugnot had created a steam-powered, self-propelled vehicle – regarded by some historians as essentially an automobile – but over the next 150 years that initial technology proved cumbersome, not easily scaled down for personal use and potentially explosive. This was partly because the science behind these engines had been designed almost exclusively for stationary factory use, to power the exponential expansion of the Industrial Revolution and beyond. However, as the closing years of the 19th century approached, inventors, scientists and engineers began to toy with finding a mobile, light and safe alternative that could be used on a personal basis – not by 1,500 passengers on a steamship, or 400 ticket holders on a train, or even 80 people on a tram, but by one person on their own. As steam sailed off to become the choice of power for rail and sea, the finest mechanical minds began to search intensely for the ideal method of propulsion for the individual.
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Mercer Raceabout, 1912
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Karl Benz’s three-wheeled Patent Motorwagen of 1886 is the genesis of the car and, by definition, the supercar. Many of the principles behind the science of this pioneering vehicle shaped how supercars would be made in the future.
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Bertha Benz takes the tiller of a Patent Motorwagen in 1886. In 1888, she became the first person to drive a car over a long distance, when she travelled 104km (65 miles) from Mannheim to Pforzheim in her husband Karl’s newly built Motorwagen No.3.





Over the next decade or so, an immense and at times manic battle played out between engineers and inventors in hundreds of relatively primitive workshops, factory anterooms and even privately owned sheds and store-rooms across the world. The European mainland was at the forefront of the innovation. The history books tell us that the man who got there first was Karl Benz, with his much-documented, three-wheeled, tiller-steered Motorwagen, built in 1885 and patented the year after, which was driven by a single cylinder internal combustion engine that generated just ⅔bhp. However, this achievement did not mean that petrol and internal combustion could instantly monopolize the so-called “horseless carriage”. Many alternative power sources jostled fiercely for dominance: traditional coal-fired engines proved far too heavy; gas-powered engines were too dangerous and volatile for the small scale required; bizarrely, a few engineers even experimented with clockwork propulsion. However, despite Benz’s initial triumph, there quickly emerged one clear favourite to be the most likely winner: electric power.


The first crude electric motor had been built by a Slovakian-Hungarian priest back in 1827 and, within a few years, Scotsman Robert Anderson had invented a battery-powered electric carriage. Sixty years later, this fledgling science had progressed sufficiently for London, New York and Paris to all boast fleets of battery-powered taxis. A major player in the future world of supercars, Ferdinand Porsche, created the Lohner-Porsche Mixte Hybrid in 1898, which caused a sensation.
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The Lohner-Porsche, developed by Dr Ferdinand Porsche in 1898, is arguably the first petrol-electric hybrid car. Petrol was by no means the single method of propulsion in the early years of the automobile.
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In 1905, Clifford Earp broke the world speed record for the flying kilometre in this 6-cylinder Napier, reaching a speed of 104.52mph. Also seen here is a racing motor launch built by the same company.


As America entered the battle and pioneered mass-market automotive production, companies such as Studebaker offered electric vehicles in their ranges. However, the primitive batteries in these early cars were ultimately very large and cumbersome – the same problem faced by electric cars over 100 years later. Also, many early batteries were not rechargeable, which introduced cost and inconvenience. The lack of an electricity network across the modernized world was also a huge stumbling block. So, although electric power initially seemed to be the way forward, it would ultimately fall by the wayside.


Steam power actually survived in cars for another two decades, and was refined to become stable and miniaturized – a good steam engine was simpler than an internal combustion equivalent, with far fewer moving parts. However, like the fledgling electric cars, steam vehicles suffered chronic limitations of range – a word that would come back to haunt car manufacturers more than a century later. Steam cars also took up to 45 minutes to get started. Although early petrol cars were not exactly “get in and go”, they were still much quicker.
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Thomas Edison gets a lift from his son, Thomas Edison Jr, in a 1903 electric Studebaker.





Increasingly then, the inventors, designers and engineers turned towards the so-called “internal combustion engine” as their preferred method of power. Like the car itself, there were many rivals to lay claim to creating the first internal combustion engine, but it is generally accepted that the compressed charged, four-cylinder engine patented by Nikolaus Otto in 1876, working with the German engineers Gottlieb Daimler and Wilhelm Maybach, is the most relevant moment. Otto later parted company with Daimler and Maybach amid considerable disagreement, but the latter duo then created a high speed petrol-fuelled engine and also the first four-wheeled car (the Motorwagen had only three wheels).


Early internal combustion engine sales had been predominantly for boats, but the potential for personalized transport was clear. As the weight, range and charging issues perennially diluted the electric motor’s potential, the internal combustion engine would finally win the battle as the car’s power unit of choice. It was a victory that would see this method used in motor-vehicles largely unchallenged for more than a century. Even in the modern world of space exploration, air travel, computers, the internet et al, the huge majority of motor-vehicles on the planet – including until recently supercars – are still using a science that was first created while Queen Victoria was on the throne in England.


To investigate this triumph, the first and obvious question to ask is this: why was the internal combustion engine the victor in the battle for power? Perhaps the secret to the internal combustion engine’s popularity is in the name – unlike the steam engine (external combustion), the fuel is burned internally.


A key initial challenge was finding a fuel source that was reliable and safe. Gunpowder had been tried, as well as a mix of moss, coal-dust and resin, plus hydrogen and coal gas, but engineers settled on petrol because it was far more stable. There was also greater access to petrol – filling stations did not yet exist, but gasoline was available at pharmacies and industrial chemical suppliers, who stocked small quantities as a cleaning agent. Future supply was also not an issue as the first oil wells had been drilled in the 1850s and the underground reserves appeared to be potentially huge. The petrol-powered, internal-combustion-engined car was up and running.


How do these early history lessons relate to the science of supercars? Drilling further down into the early science and history of the car, you can begin to spot the genesis of the supercar. Progress continued apace – numerous companies vied for the title of the first car manufacturer and there was sufficient interest in the industry that the magazine Autocar was founded in 1895. In the same year, Britain’s first motor vehicle exhibition took place in Tunbridge Wells, despite the fact there were only 15 cars registered on British roads. At this stage, potential customers were most concerned about the reliability and efficiency of this new technology, so the early years of the motor car were more about endurance, with races such as the first London to Brighton Run by the British Motor Car Club and the Paris–Toulouse–Paris race.







FOCUS


The Internal Combustion Engine


An internal combustion engine is so called because the explosions that generate the power happen inside the engine. There are four key actions of a four-stroke internal combustion engine: Suck, Squeeze, Bang, Blow. Typically, these four actions will be performed for every one revolution of the engine. But what exactly is happening inside each cylinder during these four actions?


_001 Suck – The piston is drawing in an air and fuel mix by moving down the inside of the cylinder and creating a vacuum. This is then filled by the air and fuel mix, which arrives through an inlet valve.


_002 Squeeze – At the bottom of the stroke of the piston inside the cylinder, the inlet valve closes, so that when the piston moves back up inside the cylinder, the air and fuel mix is squashed. By compressing the air and fuel mix in this way, it becomes more volatile.


_003 Bang – Right at the top of the stroke inside the cylinder, a spark plug ignites the compressed air and fuel mix, causing an explosion. This explosion immediately propels the piston back down the cylinder.


_004 Blow – On the return stroke back up the cylinder, the exhaust valve opens and burned fuel gases are released. This cylinder is now empty of fuel and the cycle can begin to repeat itself.


All supercar internal combustion engines follow this pattern.
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However, it is the issuing of the first speeding ticket – two claims exist, one at 6mph and one at 8mph – that perhaps pre-empts the emergence of the supercar and also reveals the motivation behind their science: a thirst for speed. This is the crux of the fast car in these early days – as soon as there was the science to move individuals in small automobiles, certain more risk-taking members of the public started to think about going fast. Instantly synonymous with this notion was the idea of going faster than someone else.


In 1865 the Highways and Locomotives Act had set the speed limit in the UK at 4mph in the country and 2mph in towns, but required a “man with a red flag” to walk 60 yards in front of the vehicle. The repealing of this law in 1896 upped the limit to 14mph, which was, in some sense, a symbolic admission that the technology behind these cars was now – metaphorically and literally – unstoppable, but also that the public’s desire for faster speeds was similarly relentless. The race to build the fastest car was now well and truly on …
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With its striking shape, the 1910 Sunbeam Nautilus represents a very early, if rather rudimentary, recognition of the fact that aerodynamics was important to performance.





The urge to be the fastest – rather than just fast – would underpin supercar science for the next 100 years or more. The year 1898 saw the very first world land speed record, when Frenchman Gaston de Chasseloup-Laubat reached 39.24mph in a Jeantaud electric car. The following year, Chasseloup-Laubat’s great rival, the Belgian Camille “The Red Devil” Jenatzy drove a torpedo-shaped, tiller-steered electric vehicle by the name of “La Jamais Contente” at 105kmh, the very first car to exceed the 100kmh mark. Within a decade the speed record would stand at over 127mph; by 1927 it would be over 200mph.
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By the Roaring Twenties, the general public had become increasingly fascinated with the speed and the glamour of motorsport.
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A Sunbeam racing car being worked on by “mechanics” at Brooklands, 1913.


There was also a dark early reminder that high speed can have dire consequences. In 1898 the first fatality of a car driver was recorded when Henry Lindfield of Brighton died from shock the day after losing his leg when his car overturned. Autocar attributed the death to “excessive speed”. Even so, speedometers were not even an optional extra on cars until a couple of years later.


The first years of the 20th century were a constant sequence of inaugural moments in the history of speed: in 1902 the (later Royal) Automobile Club of Great Britain organized the first race on British soil at Bexhill-on-Sea, attracting hundreds of spectators; the first Brighton Speed Trial took place in 1905, with the winner driving a 90bhp Napier; as it became apparent that city and public road racing was inherently very dangerous for all concerned, bespoke circuits sprang up, such as the very first at Brooklands in Surrey, with two huge banked stretches of a concrete circuit. Therein the concept of motorsport had been ignited and that would be inextricably linked to the science of supercars for the majority of the next 100 years.
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Designed in 1901, the 35bhp Mercedes was the first vehicle to bear that name. It boasted key elements of supercar science: a low centre of gravity, lightweight components and a low-mounted, high-performance engine.
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Motorsport increasingly pushed car technology and performance to evolve – seen here are Victor Demogeot and his riding mechanic with their Darracq during the I Coppa Velocita di Brescia race in Italy, 1907.





So before the tragic devastation of World War I, there were fast cars, motor races, racing circuits and rival manufacturers creating ever quicker vehicles. Companies such as Panhard, Darracq and Brouhot were important early innovators in terms of sheer power and speed. But were there any supercars? And if so, what was the science behind them? Arguably the 35bhp Mercedes of 1901 might lay claim to being the first genuine “supercar”. In December of the previous year, German-born businessman and motor car agent Emil Jellinek asked Daimler to produce a car that was lower and more powerful than the norm, so he could compete in hill climbs (a very popular early race format). The resulting 35bhp car that was launched in 1901, named after Jellinek’s daughter, Mercedes, was the very first vehicle to bear that label and proved an instant pedigree race winner. So convinced was Jellinek of the commercial potential for a super-fast car that he placed an order on the spot for 36 vehicles, albeit with a very short deadline of just eight months. Despite the compressed time-frame to design and build a brand-new car, Daimler delivered what many automotive historians consider to be the first true supercar. The science behind the Mercedes would support that: a low centre of gravity from its low-slung, pressed-steel chassis, a low-mounted, high performance and lightweight engine, an aluminium crankcase, mechanical inlet valves (rather than the more common atmospheric type), improved drum brakes, two carburettors and even a honeycomb radiator with 8,000 tubes inside. The car was the first of a generation of faster cars that were evolving away from just being a “horse and carriage” style design. A later derivative 60hp car was also ahead of its time and could reach an almost unheard of top speed of 60mph.


There are other cars that could be argued to have pushed the science so significantly that they might be considered the very earliest of the supercar breed: the Daimler 80 PS of 1910 was designed by Dr Porsche, could reach 88mph and boasted bodywork with early signs of streamlining. Its output was considered so powerful that chains were used in favour of shafts (which designers feared would shatter under the load). Another possible early supercar might be the 1912 Bugatti Black Bess. This was a 5-litre monster with a chiselled front end and elongated rear to cheat the wind. There are other progenitors to the latterday modern supercar using different refinements of the same primitive petrol-powered approach, but they all had one goal in common behind their science: to go faster. These cars were, indeed, “super”.
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The 1902 40bhp Mercedes-Simplex is perhaps the first “supercar” – an evolution of the science behind its 35bhp predecessor. Performance improvements were already being made at a frantic pace early on.
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A racing version of the world’s first petrol-electric hybrid vehicle, the 1900 Semper Vivus, designed by Ferdinand Porsche for Lohner, an Austrian motor carriage maker.








Chapter 2



STYLE VERSUS SUBSTANCE


The First World War stopped the globe in its tracks for four years and the conflict’s devastating impact was felt for many more.


This certainly applied to the world of high-end car design – while the conflict accelerated scientific innovation in many areas, luxury or high performance cars were understandably not seen as a priority, either during the war or in the gruelling period of recovery afterwards. Consequently, there were far less innovations between the wars than there were in the prodigious formative years of 1898–1914. In fact, the period 1918–1938 is not a high watermark for the science of supercars, for a number of reasons.


War and financial hardship focused people on what was necessary, rather than what was enjoyable; for the majority, the pursuit of speed was secondary to a much more pragmatic role for the motor vehicle. By 1918, people had become used to the sensation of driving, the novelty had worn off to some degree and this 20-year period would prove to be more about achieving “motoring for the masses” than it was about scientific excellence for the elite few.


Pushing scientific boundaries in cars has always been, and will always remain, an expensive venture and was not therefore well-suited to a war-ravaged world where many people were struggling to even put food on the table. As well as financial austerity, in the immediate aftermath of World War I there was also a shortage of raw materials. More militant workforces had led to a growth in industrial disputes, which further stifled progress. Even if a car manufacturer had sufficient funds and industrial capacity, high performance and luxury cars were frequently frowned upon, seen by many as a flagrant promotion of speed, social extravagance and financial profligacy.
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Bentley 4.5 Supercharged, 1929
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Introduced in 1908, Ford’s Model T was the first mass-produced automobile. Here, dozens of cars are lined up ready for delivery in 1925.
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The Bentley Speed Six was one of several hugely successful, powerful racing cars from this era. It is seen here at the finish of a six-hour race in 1929.





This was in sharp contrast to the “man on the street” – the war had created a pent-up demand for everyday cars, by virtue of the many destroyed factories and also the lack of car production for four years. Many war-time factory owners now found themselves with huge capacity, but no more military orders. The car industry thus acquired an intense preoccupation with volume, as it tried to capture what was clearly a huge untapped global market. The appeal of selling a handful of fast cars was dwarfed by the commercial potential to cash in with a mass-market car “for the people”.


This muted demand for purely fast cars would only get worse as the Roaring Twenties crumbled into the Great Depression. Even the high society parties and glitzy Great Gatsby elite offered little demand for supercars – speed often came second to luxury and comfort with the sheer opulence of cars such as Duesenbergs and Rolls-Royces, grand tourers that made the right kind of statement at all the best dinner parties. This period was more about “show” than “go” (a proliferation of open-top cars endorses this). This was a world more concerned with high society than high science.


The end of the thirties offered little new promise: the suffocating financial crisis of the late twenties and early thirties extinguished both customer demand and engineering evolution in the upper echelons of car manufacture. Global economic frailties were largely to blame for eight-cylinder engines being replaced by a fashion for smaller, essentially cheaper six-cylinder power units, hardly a development that helped the science of supercars push forward. In Garet Garrett’s 1952 biography of Henry Ford, the author says that in the aftermath of the Great Depression, “the song of the wild wheel died suddenly”.


One undeniable benefit of mass-market focus was that during this period the layout of the car was pretty much standardized: a pressed-steel chassis frame; engine at the front, drive sent to the rear; leaf springs; a universal accelerator/brake/clutch pedal sequence; laminated windscreen glass; central handbrake and gearstick levers – these elements all became staple ingredients of standard road cars and were mirrored in the majority of faster vehicles, too.


The development of road cars during this time towards mass-market and affordability was in sharp contrast to matters on the race track which, from the perspective of supercar science, kept the flame alight. The twenties was a decade when many key motor sport events first took place: in 1925 the inaugural Grand Prix World Championship was held (it was won by Alfa Romeo); the first German Grand Prix came in 1925; the first British Grand Prix followed in 1926; the Nürburgring was opened in 1927; Scuderia Ferrari arrived in 1929. Brooklands would continue hosting races from its reopening in 1920 until the outbreak of war in 1939. Until 1925, speed events and hill climbs were held on public roads and beach races were still very popular. The advent of “touring car” races kept a closer affiliation with road cars as Grand Prix cars became ever more advanced.


While America led the way with a fixation on mass-market production through the twenties and thirties (and subsequently only contributed marginally to the evolution of “super” cars), it was left to the likes of Germany, France and Great Britain to fly the high-performance flag. State-subsidized racing teams from Germany and Italy helped the advancement of science in the upper end of car evolution. European manufacturers dominated Grand Prix racing and this in turn pushed the science of their fastest road cars ever forward (the opening of the German Autobahn and the Italian Autostradas only served to encourage the more speed-hungry car owner, too).


The twenties was the era of the “gentleman racer”, which would prove absolutely crucial to the science of the supercar. These were often high society individuals with the finances and spare time to pour money into the development of their vehicles for racing. There was a surplus of pre-war racing cars and many monied gentlemen bought these up and modified them for their own track purposes.


Who were these racers? While pioneers such as Henry Ford were obsessed with mass-production and making the car affordable to the everyman, there was a relatively small band of eclectic, inspired and at times even eccentric individuals who had a different, much speedier agenda. Some of these gentlemen racers were wealthy officers returning from the war who didn’t want to be chauffeured around in beautiful grand tourers; they wanted to be behind the wheel of a race car.
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