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CHAPTER 1


INTRODUCTION: HISTORY OF THE K-SERIES


The Rover K-Series Engine was launched in 1988 in the Rover 200, and also ended up in the 100, the 400 and the MGF and TF. It was built by Rover subsidiary Powertain Ltd, in 1.1-, 1.4-, 1.6- and 1.8-litre capacities.
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The first phrase to come to a petrolhead’s mind when somebody says ‘K-series’ is the related phrase ‘blown head gasket’. The engine will, however, handsomely reward those who make the effort to sort it out.





Its architecture was unusual in that it was constructed as a sandwich, with cylinder head bolts running down through the entire engine to locate at the bottom. It was also unusual in being cast by low-pressure techniques, with molten aluminium pumped in from below, which reduced both overall weight and casting rejection rates.


Block and head were both cast in aluminium, with steel cylinder liners in the block, and five main bearings. It has either single or double overhead camshafts running in a camshaft cradle rather than separate bearings. The VVC, or variable valve control system, allows a flat torque curve and smooth power curve right up to the cut-off at 7,200rpm.


It has to be faced that the K-series engine has a bad reputation for blowing head gaskets, brewing up and destroying itself, but there are two points to be made here.


First, the design faults that caused this have been solved, and with the fixes applied, you can trust a K-series engine as much as any other, and can take advantage of its many benefits and good features.


Second, design faults sometimes don’t appear until real-world production prototype testing by the first customers has been applied for several years, after which the engine may have a terminal PR problem. For instance, some BMW engines dissolved when they were run on sulphur-rich Nicaraguan petrol, which was discovered the hard way. Now a lot of people think that BMW engines are made of expensive porridge. Some Jaguar V8s have a faulty timing chain tensioner and can self-destruct at 60,000 miles (100,000km), although prophylactic pre-explosion replacement of a cheap plastic part solves the problem.


Even attempts to provide absolute reliability can misfire: Rolls-Royce’s 4¼-litre straight-six has thirty-nine studs holding its cylinder head down, which, with a compression ratio of 6.4:1, could be regarded as overgenocide rather than just overkill. The RR engines never blow their solid copper head gaskets, but thirty-nine steel studs corroding into an aluminium cylinder head generate their own potentially massive problem when you try to get the cylinder head off sixty years later.


The Triumph Stag engine is another good and particularly relevant example, with its terrible reputation for overheating, warpage and blown head gaskets. An engineer who was involved with it maintained that with good head gaskets, it was a magnificent engine as long as the cooling system in the car was operating above something like 90 per cent efficiency. Unfortunately, cheap antifreeze, neglect and age inevitably reduce the efficiency below 90 per cent, and then you’re stationary in a cloud of steam on the hard shoulder, and in deep financial trouble.


A common, effective and cost-effective cure was a Rover V8 engine transplant.


Innovation always brings risks, and you can’t test for everything. The A-series BMC engine got it right, and so did the Chevy 350: they are fine, safe, solid designs, and deserved their combined 100 years of production – but you have to move on.
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Rover didn’t have any choice about whether to carry on with the K-series once launched, even when it became obvious that it had a few deficiencies. Going back to the A-series wasn’t an option.





Some Porsche Boxster engines suffer from several major design faults, two of which can result in a crankcase full of shiny mechanical mince and a £10,000 bill for a new but still compromised engine: the good news is that there’s just about room to replace a failed Porsche engine with an all-aluminium descendant of the Chevy 350, a 400bhp pussycat that also improves the balance and the fuel efficiency of the car. Even that has its faults, though – if you don’t change the oil regularly, the valve train apparently gets a bit noisy at 200,000 miles (320,000km).


Rather like friends, you have to decide whether you like particular cars and engines well enough to tolerate their faults. Unlike the faults of friends, those of the K-series engine can be sorted out relatively easily and quickly, after which the engine will be a loyal, lightweight, powerful and reliable chum for many years to come. On balance, the authors reckon the K is worth the effort.
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Co-author Rob Hawkins (left) gets stuck in, pulling a K-series cylinder head off to change the gasket.
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GTM definitely did have a choice as to whether they used the K-series. Being kit car people and therefore creative and clever, they decided that its lightness, toughness and decent power were worth a bit of effort.





SUCCESSOR TO THE A-SERIES


In 1984, there was talk of a replacement for the venerable A-series engine, which had first seen service in 1952 in 803cc, 30bhp form in the Austin A30, and which would finally cease production with the last Mini in 2000.


At the time, Spen King was in charge of BL Technology at Gaydon, and the ECV economy car was brewing up, with an alloy 3-cylinder lean-burn engine. It wasn’t an ancestor of the K-series, but it was certainly an influence.


Lean-burn was the focus of much attention in the early 1980s. The stoichiometric or theoretically perfect ratio of air to fuel for the most efficient extraction of energy from petrol is 14.7:1. However, both Ford and BL were achieving ratios of up to 20:1 on part throttle settings, resulting in dramatic savings on fuel. This book’s joint author Iain Ayre was writing for Fast Ford at the time, and Ford’s engineers were excited about the possibilities.


Triumph’s Dolomite engine represented some progress in this area, and operating 16 valves with a single camshaft was a clever novelty. The understanding of gas swirl in combustion chambers had also progressed, and the Dolomite engine was efficient and powerful for its size, at least until the head gasket let go. At that point, the practical question arose as to whether the cylinder head in question was actually ever going to come off in one piece, and at that point many Dolomites bit the dust.


Some real progress in fuel efficiency was being seen, though, particularly at Ford. Then catalytic convertors were imposed. This was for political rather than engineering reasons, but cats became the new reality, and lean-burn went out of the window.


The early cats were mostly useless for British conditions, as they don’t do anything at all when cold on short trips – that is, when driven in Britain – and they were mounted too far from the cylinder head to be very effective anyway. However, when tested hot under laboratory conditions they looked as though they were doing something, which was good enough. The engineers were not happy about the demise of lean-burn experimentation in favour of political PR-led engineering, but they had no choice.


The reason for the incompatibility of very efficient, fuel-saving technology with catalytic convertors seems to be that the cat system needs the dirty emissions from a stoichiometric or richer air/fuel mix to work properly – lean-burn emissions are too clean for cats.


So some aspects of the direction of engine development changed for political show reasons, but many aspects of engine design still concentrated on genuine engineering improvements, such as lightweight sandwich construction.


Before cats, the early K-series engine used an SU KIF carburettor, later replaced by MEMS SPI – single-point injection – and then later MEMS MPI or multi-point injection, from 1994. Calling the injection system on the Mini ‘multi-point’ might be considered commercial poetic licence, as it has two injection points. On that basis, humans are multi-legged mammals. By K time there were four injectors.


By 1985, a 973cc 3-cylinder engine and a 1300cc four were in development, both twin-cams, and both with 4 valves per cylinder, layered construction with top-to-bottom stretched bolts, wet liners and a low-volume cooling system – all features of the future K-series. A simpler and much cheaper 8-valve head was also developed.


The thin, lightweight castings and sandwich layering structure helps with reducing casting costs – low-pressure casting is easier to apply to smaller pieces. The molten aluminium is fed into the sand casting from below. Unfortunately, these thin aluminium castings make the engine very sensitive to overheating, which is a serious and sometimes terminal problem – if the aluminium block gets hot enough, it anneals itself and goes soft, after which the block is either scrap or a coffee table.


CAD/CAM design on computers was all the rage at that time. One advantage was that it made NVH – noise/vibration/harshness – easier to predict and to control, but perhaps it introduced a vulnerability to the sort of mistakes that would appear in reality but not necessarily in virtual reality. Split hoses, radiator leaks and lazy mechanics don’t usually make it into the computer program. The concept of a lighter, smaller, reduced-capacity cooling system sounds fine in theory, but it also requires all its components to perform that much better.


Another reality event that may not have made it into the CAD/CAM calculations was the flood of cold coolant that rushed along the even colder underfloor steel MGF cooling pipes and hit the freshly hot engine when the thermostat opened up: a cause of many non-virtual head gasket failures. We are warned never to pour cold water into a hot engine when stranded by the roadside with overheating problems because it can crack the cylinder block: QED.


The K progressed. A simpler and cheaper head was developed from the 1985 engine, and the capacities were changed – an 1100cc version appeared, and a tax-break 1400cc. The KV6 was developed, which shared many design features of the 4-cylinder engines but not the sandwich through-bolt construction.


The KV8 wasn’t developed. That’s rather a shame, because it could have been a fine engine and could have replaced the Rover V8. On the upside, the Rover V8 engine actually illustrates a positive side of the British motor industry. General Motors had a lot of trouble with very high casting failure rates with what had started as the 1962 Buick Special aluminium engine, and it also suffered non-engineering political problems from the American steel industry lobbying against aluminium engines. It was the Brits who bought and sorted out the Buick engine design, turned it into the immensely successful Rover V8 and sent it back to the USA in Range Rovers for a very decent profit.


A less successful and largely forgotten engine was the T-series, a 2-litre 4-cylinder used in the larger 1990s Rovers, offering 136bhp naturally aspirated and 200bhp with a turbo. It was based on the M-series, which in turn was based on the O-series, and it was actually capable of considerable power, but was detuned to a level that would allow the PG1 drivetrain to cope with it. The result was a very smooth torque curve for middle-management Rover saloons. Even electronically restricted, the Rover 200 Tomcat turbo coupé would cruise autobahns at 130mph (210km/h), and at the time was the fastest car that Rover had ever built.
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A 1.8-litre K-series transplant into a Metro made for a very fast hot hatchback –see Chapter 2 for more details.





Back to the K, and an increase of bore size to 80mm got 1800cc out of the block, while the tricky top-hung wet cylinder liner was replaced with a damp liner secured from the middle of the bores.
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This fearsomely rapid Midget from Frontline also took advantage of the K’s substantial potential, replacing an A-series with a related British engine.





It’s worth remembering that MG, Rover and Land Rover may not have had any choice about whether or not they would be using the K-series engine, but Caterham, Ariel, GTM and Lotus certainly did have a choice – and they continued to choose it even as its reputation for brewing up spread. The engine is neat, small, powerful and light, with 158bhp from the 100kg (220lb) 1800cc version. By comparison, the B-series MG engine weighs 160kg (350lb) and produces 95bhp. The problems of the K-series seem to be worth putting up with. The engine used for sports car applications is the VHPD – very high performance derivative. Unfortunately, this engine retained a problem with the spun cast iron cylinder liners: the earlier GKN liners were inferior, and were replaced with Goetze-made liners on all post-2000 engines… apart from the VHPD ones.


The most potent K-series engine so far has been the one developed by MG Sport, a 2-litre version that achieved 207bhp and 170lb ft at 7,000rpm.


DESIGN IMPROVEMENTS


The variable valve control, or VVC, cylinder head fitted to the K-series was a lot more advanced than Honda’s VTEC system, as it altered both phase and duration. It was developed from an expired AP (Automotive Products) patent. AP are clever people: their four-speed Mini automatic box was an advanced and effective piece of engineering. The VVC design not only makes it easy to achieve very clean emissions, it gives you a completely flat torque curve. As an engine for a sports car, this is perfect – lots of smooth power with no extra kick from cams coming on.


The beginning of 2005 saw new emissions demands from the EU, but those didn’t pose a problem. The multi-point injection and VVC engines were both ready for new emission demands, and even better, there was a cure for the head gasket problems.


A new head gasket had been designed, in five layers of steel, and it kept oil and water only where it was wanted. There was also a shim beneath the gasket, which reduced the problem of the hard rings of the gasket digging into the material of the block, and which also compensated for imperfections in the block deck surface. A further improvement was a redesigned and more substantial oil rail layer, beefed up and cast in a better and stiffer alloy.


With the cooling and gasket issues addressed successfully, the future looked rosy. It was looking even better in 2004 as the advanced VVC system was about to be replaced by an even more clever and completely camshaft-free system, developed by BL’s Powertrain organization together with Camcontech. This used electric stepper motors to control the valves, making the valve timing easier, more accurate, endlessly adjustable and cheaper to manufacture.


END OF THE LINE


Sadly, British Leyland were by this time in financial difficulties; in April 2005, it all went belly up and the Blair administration allowed the beleaguered company to collapse. A supposed rescue bid by Phoenix Venture Holdings turned into an asset-stripping exercise; the government subsequently instituted civil proceedings against the ‘Phoenix Four’, and BMW described them as ‘the unacceptable face of capitalism’, but their actions seem to have been technically legal and they have not so far been arrested or charged with any criminal offences.


The K-series continued under Chinese ownership, and is now known as the N-series. The fixes that were developed for the engine’s problems have been adapted into the design, and include head gasket revisions, stronger through-bolts, and a stronger oil rail. These improvements can all be bought from XPart, and they can be used to upgrade and update older British versions of the engine.
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The KV6 goes very well indeed in a mid-engined MG, although access when it’s hot is best achieved using an asbestos octopus.





As to the future of the K-series engines, sadly they probably don’t have one. According to Simon Goldsworthy of MG Enthusiast magazine, who has been following the progress of MG in its current Chinese hands, there’s no plan to continue with the K. The 4-cylinder engine was renamed the N-series and was used in the last of the TFs and MG6, but in that latter model it was dropped in favour of diesel only. There’s currently a new petrol engine being designed in conjunction with General Motors, so we have probably seen the last of the K.




K-SERIES POWER OUTPUT






	1100cc (8V) K8


	60bhp







	1100cc (16V) K16


	75bhp







	1400cc K8


	75bhp







	1400cc K16


	90–103bhp







	1600cc K16


	109–111bhp







	1800cc K16


	117–177bhp







	2000cc K4 (MG Sport and Racing)


	210bhp/170lb ft @ 7,000rpm







	2000cc KV6


	148bhp







	2500cc KV6


	175bhp













CHAPTER 2


WHO LIKES THE K?


Rover eventually had to update to a newer engine than the A-series and the B-series. Many though their virtues were, and few their design errors, both of the earlier engines were beginning to look somewhat long in the tooth. The O-series, uninspiring, came and went: you haven’t even thought about it for a decade. (Having said that, it’s also true that Ford brought back the 1960s Anglia engine for the Ka, so there is a precedent for backtracking to earlier successes.)


Rather than donning slippers and watching daytime telly, the elderly A-series design ambled off to Japan to power many smaller Nissans.


The Rover cars using the new K engine were the Metro, 200, 400, and 25 in the 1100cc size. In the 1400cc size, to the above list can be added the Rover 45, the Streetwise and the MG ZR. The 1600cc was briefly used in a budget version of the MGF. The 1800cc size was used for the above, plus the Rover 75, MGF, TF, ZS, ZT, the Land Rover Free-lander and, more obscurely, the FSO Polonez and the Reliant Sabre Scimitar.


The Chinese SAIC corporation, on acquiring the K-series, called it the N-series, then referred it to the British engine developers Ricardo for a definitive sort-out, rechristened it again as the Kavachi, and used it without any further problems in their Roewebadged cars.


Rover may not have had a choice about using the K-series engine, but lots of other people did have just such a choice, and they still went for the K. Caterham and the other kit car manufacturers could do exactly what they liked for engines – Japanese, American, anything they wanted. The fact that so many of them knew about the foibles of the K and still decided to go for it tells you a lot about the real quality of the design.


CATERHAM AND LOTUS
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Caterham’s continuous update of the Lotus Seven has always included the best and sportiest available mainstream engine, and this roll of honour includes the K.





Caterham are still selling and continuously developing the Lotus Seven, and have been since 1973. There’s not much room for dramatic improvements, as the Seven is the definition of its type: everything similar is a replica. The Seven can only be tweaked rather than changed, and the engine and drivetrain are an obvious focus for periodic tweaking, with progress in car engines continuously reflected in the evolving Caterham specs.


The base spec kit-built Caterham used the 1.4-litre K-series while it was a current engine, obviously making the decision that the sporty character of the K was well worth occasional issues with reliability. Sevens generally tend to do tiny mileages at furious speeds, in which case the K can be quite reliable. It’s notable that the K’s structural problems are not in any way related to being thrashed: some engines won’t tolerate continuous bouncing off the rev limiter, but the K laps it up and will tolerate plenty of enthusiastic action at 7,000rpm.
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The K-series in a Caterham Seven looks very much at home. The small physical size of the engine despite the twin cams is useful for custom installations.





More amusing than the 1400cc base Caterham is the higher-spec Caterham R400, which used the MG X-Power 1.8-litre twin-cam K equipped with a dry sump, roller barrel throttle bodies and Cater-ham’s own engine management system, achieving 200bhp at the flywheel. What’s interesting here is the choice of Caterham’s own six-speed gearbox to suit the revvy nature of the engine. It seems counter-intuitive, but the top gear ratio of the Caterham six-speed box is lower than that of their five-speed: sixth or top gear on the six-speed is about where fourth is on the five-speed. The five-speed is a general touring/driving gearbox, essentially a four-speed with a cruising overdrive-style top. The six-speed is a pure close-ratio high-performance box. The K’s standard redline is at just over the peak bhp rpm of 7,000rpm, and peak torque is available when you approach 5,000rpm, so Caterham obviously figured out where the amusing revs were and used that gearbox to keep the engine at the high revs that suit it. This has interesting parallels in the 1990s Lotus Elan replica known as the Mazda Miata/MX5, which has a similar close-ratio five-speed gearbox that makes the most of a small, twin-cam, rev-happy engine, and which really begs for another gear for cruising. So it’s fair to say that the K’s character suits Sevens very well.


Lotus themselves designed the K into their 1996 Lotus Elise, which used the 118bhp 1.8-litre engine in base models, and a 143bhp VVC version with a close-ratio gearbox in the 111S. A Track Pack option took the power to 192bhp and reduced the car’s weight to 1,260lb (572kg). The hardtop Exige offered the 190bhp version of the engine. The drive for American sales eventually led to the replacement of the Rover engine with Toyota power, as the K-series engine had not passed American emissions testing.


Lotus and Caterham both have their own engine management systems, which alter to some extent the heavily warranty claim-focused parameters of the original Rover ECU settings. There is a lot more power available from most modern engines than the ECU allows them to develop, because if you really let them rip, they obviously don’t last as long as a power-restricted engine. Going back to the A-series for illumination, a really serious race Mini engine will last about twelve hours used in anger: the more performance you extract from any engine, the shorter its life, although a tasty and well-exercised K engine’s life will still be measured in years rather than hours.


Lotus and Caterham also made their own logoed panels for the cam cover, which all of us should do if we run a K-series engine and have done any work on it. Just add Speed after your name, print that out, glue it to a piece of balsa wood, carve it out with a Dremel, make a mould and execute your own 3D logo strip in coloured gelcoat.


The British car industry has consistently demonstrated a blend of ingenuity and idiocy, with the ingenuity usually to be found among the designers and engineers.


The A-series-powered MG Metro Turbo was a high point of BL engineering, a proper job with a nitrided crank, sodium-filled valves, 100bhp and a clever variable boost arrangement that restricted boost at low revs to avoid breaking the car’s ancient Mini gearbox that had originally been designed to handle 34bhp. The MG Metro Turbos also had excellent hard but comfy seats and assorted other genuine goodies, and they weathered the storm of outrage from MG enthusiasts who abhorred MG badging on a small shopping saloon.


It all went downhill from there: the later Metro’s K-series-powered, semi-updated descendants, using cosmetic updates on the same old shell, just looked increasingly outdated as the years went by.


THE METRO TURBO K
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There have been alterations to the airflow through the bumper, but it all still looks fairly factory.
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Aggressive stance is perhaps a bit full on for a production car, but the idea of the next-gen Metro Turbo is interesting, with Darren Booker’s turbocharged 1.8-litre K-series transplant.
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Rover might not have gone this far with lowering, but the wheels and brakes are within the realms of possibility for a production GT.
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The biggest K option, and turbocharged, results in a pretty busy engine bay in Darren Booker’s might-have-been Rover K Metro Turbo.
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The original MG Metro Turbo didn’t have leather seats, although firm, MG-logoed cloth Metro Turbo seats were notably good and were regularly nicked for kit car builds.
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The gearbox was changed for a stronger one as power increased. Extra clocks include an oil pressure gauge, although what that tells you is generally how much financial trouble you’re in.





Darren Booker, a specialist Rover mechanic and committed enthusiast, personally decided to take on the task of developing what should have been the next generation of Metro Turbo, an idea that Rover let slide. The BRM-badged 200 was a step in the right direction, with lowered and tightened suspension as well as the orange lipsticked mouth on the front, but its engine remained standard.


Darren’s Metro GTi started off with a single-point-injected 1.4-litre K engine, and ended up with a turbocharged MGF 1.8 litre K-series engine and gearbox. His day job in a garage was useful, as he was able to pick up a damaged 1.8-litre MGF engine for peanuts. During its rebuild, he fitted Kent cams with Vernier adjustment, staying with an R65 gearbox. That was quite nippy, but then Rover launched a 75 Turbo.


It wasn’t long before a Rover turbocharger setup appeared secondhand on eBay, and Darren snagged it for a bargain £200. The turbo and the Rover manifold trial-fitted onto the engine OK, but a lot of rearranging of engine bay components was required around it.


The internals of the MGF engine would also be seriously stressed, so he rebuilt it again with Rover 75 pistons, liners and con rods, lowering the compression ratio to suit the turbo, and using an uprated 75 oil pump. He ported and polished the head, and adapted a Rover downpipe to a stainless exhaust system.


The Rover intercooler was too big to fit in the engine bay, so Darren had a custom charge cooler made by Pace products, a liquid-cooled system that flows around the intake pipe and cools the incoming air. That involved a small radiator that’s mounted at the front of the engine bay, so there’s no room for a GTi radiator. Fortunately the automatic Metro has a shorter but thicker radiator, which was fitted further forward to clear the cooling pipes, necessitating narrower Kenlowe cooling fans.


The bumper required minor adaptation with an air saw, and now looks fine.


Darren felt that the standard MGF computer would have been out of its depth by now, so he upgraded to an Emerald aftermarket unit. Mapping and monitoring on a dyno revealed incorrect-sized injectors, problems with the cams, and high air temperatures at high rpm – all sortable with patience and application. The turbo blew, with failed bearings due to excessively high oil temperatures, so an additional Mocal oil cooler sorted that issue out for the next turbocharger.
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