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2.2
Long version. 
The most innovative power unit 
of our time: 
Everything questioned. 
Everything answered.

An engine blessed for success.

The inline six-cylinder engine used up until now has been an extremely successful power unit – sporty, economical, smooth-running with an earthy exhaust sound. A total of 1.4 million have already been built. And weighing 
just 171 kg, the M54 is also one of the world’s lightest six-cylinder engines.

Further development conceivable but inefficient.

Consequently, the previous engine would have been an ideal candidate for further evolutionary development, which had happened consistently and through which the BMW basic power unit had achieved its cult status and its pole position in the market.

However, BMW customer demands on a new engine, ambitious objectives 
in regard to performance and the reduction of fuel consumption, as well 
as standards set by BMW engineers in innovative engine construction were reason enough for an entirely new concept – the R6. This decision is impressively underlined by the specifications of the redeveloped power unit. An upgrade of the existing unit according to state-of-the-art technical specifications would have resulted, inter alia, in the engine being 14 kg heavier. After several technical modifications to the M54, which consistently increased performance, bringing about a drop in fuel consumption at the same time, the demands of the future could only be fulfilled by implementing fundamentally new concepts offering a high technological potential. It then became evident that the new engine had to be radically modified, leaving only the principle 
of an inline six-cylinder arrangement unchanged.

A look at the specifications: 
Conflicting objectives can only be solved using new technologies. 

In view of the high standards set at BMW, new developments have to take a particularly giant leap into the future. Initially, the basic requirements placed on every BMW engine are increased output and higher torque on the crankshaft. However, at the same time, both fuel consumption and CO2 emissions have 
to be lowered.

Moreover, on a medium-term basis, BMW innovations pertaining to an individual component or aggregate become the technological benchmark of the entire company and its products, spanning all series, markets and 
client groups. The BMW innovation VALVETRONIC, for instance, is already featured on all BMW four-, eight- and twelve-cylinder power units. For this reason it was only natural to apply this technology to the six-cylinder engine. However, at the same time, the power unit had to retain its weight and size.

Optimum power density could only be realized through the utilization 
of new technologies and materials, incorporating a modified basic design and a myriad of innovations for systems, ancillary units and components.

2.3
Higher output, 
lower fuel consumption, 
maximum power density:
Basic R6 power unit and variants 
for many new BMW models.

In its role as the new BMW basic power unit, the R6 distinctly surpasses the final version of its predecessor in every aspect, thus emphasizing BMW’s 
pole position in the development and production of sporty and particularly powerful engines.

BMW’s medium-term corporate plans reveal that around half of all new 
BMW cars will in future be powered by a new R6. The innovative technologies utilized within the new family of R6 engines will secure BMW’s lead in the 
field of markedly sporty and technically innovative vehicles featuring a uniquely smooth-running, exclusive and efficient power unit.

BMW’s corporate objective is to build fascinating and highly emotional automobiles. In achieving this goal, the main focus of interest is on technology. Nevertheless, the high technological standard at BMW has to be 
constantly redefined, rendering innovations indispensable. Consequently, when designing the R6, priority was given to the ongoing development 
of typical BMW qualities such as dynamics, agility, efficiency and superiority, with balanced emphasis on all relevant parameters and with the purpose 
of reaching as large a target group as possible.

The new BMW 3.0 litre inline six-cylinder engine offers the highest 
specific output, the best power-to-weight ratio and the lowest specific fuel consumption in its class. 

With 190 kW/258 bhp at 6,650 rpm, the R6 surpasses its predecessor by 
20 kW/27 bhp. The maximum torque of 300 Nm, up until now a peak value at 3,500 rpm, is now consistently available between 2,500 and 4,000 rpm. Specific output is up by 12 percent from 57 kW per litre cubic capacity to 
63 kW per litre. The weight of the engine has been reduced by 10 kg (–7%) to 161 kg. Due to increased output and weight reduction, the power-to-weight ratio exceeds the 1 kW/kg mark by an incredible18 percent. The R6 delivers 1.18 kW/kg (as opposed to 0.99 kW/kg in the case of its predecessor). 
Fuel consumption is down by 12 percent.

2.4
Milestone in lightweight 
engine construction: 
BMW uses magnesium in 
high-volume production.

For the first time in the history of modern engine construction, BMW is using magnesium in the mass production of a water-cooled crankcase as well 
as for the new bedplate and cylinder-head cover. The 7 percent reduction in engine weight (10 kg) resulting from this and from numerous other measures contributes substantially towards a further increase in the agility and dynamics of BMW automobiles.

The extraordinary weight advantage achieved by the use of magnesium is a result of the density of this innovative material. In its pure form, magnesium is around 30 percent lighter than aluminium (density of aluminium 2.68 grams/ cubic centimetre, magnesium 1.81 grams/ cubic centimetre, steel 7.87 grams/ cubic centimetre).

The revolutionary use of composite magnesium/aluminium technology 
is a milestone in engine construction. It is a conclusive element in a series of innovations in the field of lightweight construction featured in 
BMW automobiles and a contribution that points the way ahead to a higher technological standard that is a distinctive mark of the company as a whole.

Efficient dynamics – this stands for the realization of driving pleasure for discerning target groups, giving consideration to prevailing present-day technological and social conditions. Within the framework of this long-term BMW concept, a reduction in the weight of the R6 as a means of 
enhancing driving pleasure was of prime importance in its development.

More powerful, more economical, lighter. BMW R6 – better in 
every respect. Optimum value of 1.18 kW/kg. 10 kg lighter than its predecessor.

New material technologies such as composite magnesium/aluminium, lightweight exhaust manifolds and camshafts result in the R6 having a weight advantage of 10 kg compared to its predecessor – notwithstanding 
the increase in output and a drop in fuel consumption attained by the use of VALVETRONIC.

With the engine delivering 1.18 kW/kg, the R6 sets new standards in terms 
of power density. The new BMW engine has a total weight of 161 kg, making it the world’s lightest six-cylinder in this performance category. The innovative R6 also sets the new benchmark in terms of power output, fuel consumption, 

running-smoothness, performance and the utilization of innovative technologies. Thus, this basic engine construction also forms a solid basis 
for a future-orientated six-cylinder series.

The world’s first composite magnesium/aluminium crankcase.

The crankcase featured in the new 3.0 litre internal combustion engine is by far the lightest six-cylinder crankcase used in large-scale production. Being the largest single engine component, it makes a significant contribution to reducing the weight of the R6 by a total of 10 kg compared to the previous version. The new composite magnesium/aluminium crankcase weighs 
just 57 percent of a comparable grey-cast iron block, the weight advantage in comparison to an aluminium crankcase being 24 percent.

Apart from using magnesium for the first time in this form, BMW specialists also achieved a technological breakthrough in terms of its use in the crankcase. 
Only the combination of a magnesium shell and an aluminium insert now used fulfils the stringent demands on stiffness, acoustics and durability. Consequently, BMW is the first manufacturer of a water-cooled internal combustion engine to make use of the considerable weight advantage offered by magnesium and to overcome the disadvantages posed by light metal.

A crankcase made exclusively of pure magnesium or a conventional magnesium alloy is inadequate for high-performance engines produced in series. It has insufficient stability and the surface structure of magnesium is unsuitable for the cylinder liners. 

Aluminium insert on the inside, magnesium shell on the outside.
Reduction in components and assembly work.

The inner part of the crankcase featured by the R6, the aluminium insert, incorporates the cylinder liners and the coolant ducts in the area of the 
engine block. The insert provides for the required stability under the high 
thermal and mechanical strain the engine is subjected to. The cylinder 
head is mounted directly onto the insert, the lower section of the latter 
serving as the upper section of the crankshaft mounting.

The magnesium jacket is placed into position over the entire insert and sealed tightly. The former consists of a single recast part and accommodates 
the oil ducts as well as most mounts and brackets for ancillary components. This results in a reduction in parts, weight and assembly work required 
in these areas. At the same time the integration of supports and brackets increases stiffness of the ancillary component connection. This in 
turn enhances the acoustics of the crankcase and the ancillary component connections as a whole.

Additionally, the gear casing is integrated in the magnesium housing. 
During the engine assembly process the entire chain drive is simply placed into the chain chamber at the front end of the engine and fixed into 
position. Gear casing bolts and the time-consuming task of sealing the cylinder head and the crankcase are rendered completely unnecessary.

From motor sport to series production. 
Magnesium bedplate as a load-bearing engine component.

The magnesium bedplate is part of the new R6's central frame structure. 
For this reason it is relatively solid and is, likewise, a composite construction. 

The bedplate guarantees the highest level of structural and torsional stiffness as well as optimum fatigue strength of the R6 engine. As the crankcase 
is split down the middle on the level of the crankshaft bearings, an optimum reduction in vibration is achieved, this resulting in enhanced acoustics.

In order to achieve sporty performance, the top engine speed of the R6 has been raised to 7,000 rpm (+ 500 rpm). So it was only logical that this 
bedplate, which had been tried and tested under the harsh conditions prevailing in motor sport, should be also used for series production.

The crankcase is mounted on the bedplate from above, together with the upper section of the crankshaft bearing. The lower counterpart of the crankshaft bearing is integrated into the bedplate. The crankshaft runs on sintered steel inserts surrounded by magnesium. 

The join between bedplate and crankcase is made tight using a liquid 
sealant. After bedplate and crankcase have been bolted together, the sealing compound is injected under high pressure into a groove on the contact surface between the two components. The engine mounting brackets are bolted to both bedplate and crankcase.

Magnesium cylinder-head cover.

Following the path of consistent lightweight construction, the cylinder-head cover of the R6 is also made of magnesium.

The use of magnesium in engine construction. 
Technology overcomes natural differences. 

BMW has successfully managed to overcome the problem of the chemical incompatibility of magnesium and water. The coolant does not come 
into contact with the magnesium shell of the crankcase as it flows exclusively inside the aluminium insert.

Special aluminium bolts are used for fixing parts to magnesium components, as magnesium and aluminium both have similar coefficients of expansion. Moreover, aluminium bolts make a further contribution towards a radical reduction in engine weight. The similar reaction of magnesium and aluminium at melting point is also a crucial quality aspect when casting magnesium around the aluminium insert. 

2.5
The world’s first six-cylinder 
to feature VALVETRONIC.

Completion of implementation in all engine series. 

After successfully featuring VALVETRONIC on four-, eight-, and twelve-cylinder power units, this BMW-exclusive technology is now being implemented in the case of the inline six-cylinder. The BMW innovation VALVETRONIC adjusts the valve opening times and the valve timing infinitely and according to the position of the accelerator pedal. This technology eliminates the need for throttle butterflies and very accurately regulates charge changing processes, thereby achieving particularly efficient fuel economy and a distinctively improved engine response.

VALVETRONIC is also an example of how BMW sets its own technical standard by the use of advanced technologies. BMW had first introduced VALVETRONIC in the year 2001 for the four-cylinder engine. Since then 
this internationally acclaimed BMW patent has been successively featured in other engine series.

Second-generation VALVETRONIC. 
Fast-revving sporty performance up to 7,000 rpm (+ 500 rpm).

The new BMW R6 is the first engine to feature BMW second-generation VALVETRONIC. 

Engines with sporting characteristics excel due to higher engine speeds and particularly fast revving. In the ongoing development of this feature, which is equally as crucial to BMW as output, weight and fuel consumption, the rated engine speed was increased and maximum engine speed was raised to 
7,000 rpm. As a result, the R6 has introduced a new class of mass-produced engines of this size.

This is made possible by second-generation VALVETRONIC, which excels through distinctively enhanced constructional stiffness. Consequently, 
the valve actuation of the R6 achieves acceleration ratings equal to those produced by bucket tappet valve trains.

VALVETRONIC is, therefore, moving in the direction of higher engine speeds, a fact that will most definitely appeal to the more sport-orientated customer. On the other hand, the R6 with second-generation VALVETRONIC will provide for more efficiency in achieving enhanced dynamic driving pleasure. 

For the first time, the VANOS throttle butterflies incorporated into the VALVETRONIC are made entirely of aluminium. Thus, for the very 
first time, the chain wheel on the timing device is likewise made of this light metal, thereby contributing towards a further reduction in weight.

VALVETRONIC well represented in the marketplace.
Distinctly more successful than lean direct injection concepts.

With the introduction of the second generation, VALVELTRONIC is now the technical standard on all BMW petrol engines. Employing it in the six-cylinder, the most widely sold BMW power unit, also means a quantum leap for 
this innovative technology’s market penetration and the overall reduction in fuel consumption achieved by this technology. 

In this context, VALVETRONIC is also compared with lean direct injection systems, which for very good reasons BMW is not currently offering: 
Lean DI systems can, for example, only exploit their full fuel consumption potential when using sulphur-free petrol. However, there are insufficient supplies of this type of fuel and it is not available in some countries at all – as was precisely the case with unleaded petrol when vehicles were first 
equipped with catalytic converters.

Customers seem to agree with BMW, as VALVETRONIC is well accepted throughout the world. For example, since introducing this new technology, BMW has already sold hundreds of thousands of automobiles worldwide 
with engines featuring VALVETRONIC, whereas only a few thousand vehicles featuring lean direct injection systems were sold by other carmakers over the same period. 

Economical, spontaneous, exclusive. 
BMW patent VALVETRONIC replaces the throttle valve function.

VALVETRONIC removes the need for a throttle butterfly and regulates engine performance by means of infinitely variable valve timing. Engine performance used to be regulated by a throttle valve, which, as the term implies, controlled engine performance by throttling air intake; a somewhat inefficient method.

In the case of the BMW innovation VALVETRONIC, valve opening times and valve timing are controlled according to the current position of the accelerator pedal, thus minimising the cylinder charge flow losses. Utilizing this method of throttle-free load control, VALVETRONIC reduces fuel consumption and ensures a significantly improved engine response. 

This process is controlled according to the position of the accelerator pedal. Adjustments are made via a central servomotor, an eccentric shaft and an intermediate lever. VALVETRONIC is based to a great extent on the tried and tested, likewise infinitely variable BMW bi-VANOS (variable camshaft control).

On average and under all operating conditions, VALVETRONIC achieves 
a drop in fuel consumption of 10 percent in the composite EU cycle. VALVETRONIC operates independently of fuel and oil grades. With the introduction of the R6, BMW has made VALVETRONIC available to 
all petrol engines, all models and all markets. VALVETRONIC systems are manufactured exclusively at BMW’s own plants according to BMW’s own patent. 

Apart from increasing efficiency to a great extent, VALVETRONIC technology is responsible for an increase in dynamics. The accurate and direct conversion of accelerator pedal commands into engine performance and acceleration, and the absence of idle time while the air plenum is being filled and emptied, offers the driver of a BMW considerably enhanced driving dynamics 
and vehicle spontaneity. In this respect VALVETRONIC is almost equally 
as effective as solutions with individual throttle butterflies.

2.6
BMW innovation: 
world premiere of the electric water pump.

Independence from engine speed, reduction in consumption. 

For the transportation of water within the cooling system BMW employs the world’s first electric pump. It operates absolutely autonomously and is controlled entirely according to the engine’s actual cooling requirement, irrespective of the current engine speed. 

With the electric water pump BMW achieves a remarkable reduction in consumption. A conventional water pump consumes up to 2 kW, whilst the new BMW system has a maximum power consumption of just 200 W. 
Even in the particularly uneconomical warm-up phase the electric water pump requires hardly any fuel at all, the coolant heating up very quickly as no 
cooling is required during this phase, and is therefore not pumped through the system. On the other hand, when the engine is not running, the residual heat in the coolant can be efficiently utilized to heat the car’s interior when required.

The transportation and cooling capacity of a conventional water pump is designed to cope with a maximum engine load at low engine speeds and is, therefore, too large for many operating conditions at high engine 
speeds. Moreover, they are in permanent operation via the belt drive, with the respective losses due to friction. The flow rate of conventional water pumps 
is entirely dependent on engine speed and not on the engine’s actual cooling requirement under each prevailing operating condition.

2.7
Further innovations and consistent lightweight construction of aggregates and components.

Lightweight camshafts with a weight advantage of 1.2 kg.

With exception of the revolutionary composite aluminium-magnesium crankcase, the new lightweight camshafts are the largest single contributors towards the BMW R6’s remarkably low weight of 161 kg. By means of hydroforming it is possible to reduce the weight of each finished camshaft 
by 600 g (–25%).

The basic component of the new camshaft is a steel tube that is pulled through the cam rings made of high-strength refined steel. The parts are placed together in a die and the tube is subjected from the inside to a water pressure of 4,000 bar. By this method the tube is brought into the desired wave shape in a cold state and pressed against the cams from the inside. Finally, the cams are accurately polished down to a 1( (1∕1000 mm) finish.

Each of these finished camshafts is 600 g lighter than a conventional camshaft. In the case of the R6 with its double overhead camshafts this means that the two camshafts alone enable a 1.2 kg saving in weight. 
BMW already used hydroforming in car manufacturing when producing the windscreen frame of the latest 3 Series Convertible. BMW further developed this technology, rendering it suitable for processing high precision parts such as camshafts.

Producing cylinder heads by the lost-foam method.

As early as during the initial stage of production – the casting process – the cylinder head of the new engine places particularly high demands on manufacturing technology. Generally speaking, the casting of the cylinder head of the inline six is more sophisticated than any other engine construction method (with the exception of a twelve-cylinder engine with its two lines of cylinders). Due to the overall length, the natural effects of shrinkage are very distinctively noticeable during solidification and cooling down of the aluminium, which is heated to around 700° Celsius. Employees working at the company’s own light metal foundry are uniquely competent in the production of these components – after all, they have been casting cylinder heads for all 
BMW inline six-cylinder engines since the introduction of aluminium cylinder heads for the petrol engine in the sixties and for the diesel engine in the eighties.

Computer-aided casting process simulations are decisive factors for the successful casting of cylinder-heads. They facilitate prior to production 
the evaluation of shrinkage processes during the construction of components and moulds, as well as precise control of solidification processes during 
the casting process through the implementation of appropriate temperature management in the casting mould.

Two parallel casting methods are used in the manufacture of the cylinder-
head for the new six-cylinder engine, both of which were tried and tested in the production of the previous generation of engines, and which were 
further enhanced to meet the specific requirements of the new component. These methods are known as low-pressure casting and lost foam casting. Both methods are particularly suitable for the optimum forming of the complex outer contours, with the integrated cam carrier accommodating the camshaft and the eccentric shaft, as well as the intricate inner contours with cavities for the air ducts and the filigree oil and cooling water circulation systems.

Since first introducing the lost foam method in the production of cylinder heads for BMW inline six engines in 1997, the company’s own light metal foundry has held pole position in the application of this technology designed for the construction of complex engine components. The method has firmly established itself by being applied in the manufacture of the cylinder heads of more than one and a half million six-cylinder engines.

As opposed to conventional casting technology, lost foam casting is a positive moulding method. At the start of the manufacturing process an identical pattern of the cylinder-head using polystyrene is produced. This is done by placing six single layers of foam plastic, commonly used as packing material, into moulds, in which they are foamed up and finally glued together. 
The finished polystyrene pattern of the cylinder head is then coated with a ceramic agent, packed in sand, vibrated and completely enclosed in 
fine-grained casting sand, leaving only a sprue runner free. Molten aluminium is poured into this sprue runner during the automated casting process. 
It thereby completely replaces the polystyrene pattern and adopts the shape of the cylinder head. Due to the high precision achieved by this casting method, even particularly filigree constructional details such as oil holes can be integrated simultaneously during casting. This eliminates numerous manufacturing procedures during the subsequent mechanical finishing process.

Permanent customer-friendly solution: valves driven by chain.

In the case of the new R6 engine, BMW continues to give preference to a chain drive of the valves. Firstly, it contributes greatly to an accurate and durable function of the engine. Secondly, it eliminates extensive maintenance work, thereby reducing cost to the customer.

The chain drive is incorporated into the magnesium cast part of the new lightweight crankcase. It is inserted as a module into the gear casing shaft at the front end of the engine. The chain tightener is made entirely of 
aluminium, adding further to the consistent lightweight construction of the R6.

A shorter, lighter engine: all ancillary components driven 
by one single belt.

The R6 BMW employs just one single belt to drive all ancillary components. There is no second belt at all, so the engine has a shorter design. 
At the same time all accessory parts, that is belt, belt pulley and tightener become unnecessary, a further aspect that contributes towards making the R6 the lightest engine in its class. Single belt drive is made possible thanks to the use of the aforementioned electric water pump, which operates without a belt.

Higher torque, lower engine speed:the new three-stage resonance 
air intake system.

With the three-stage resonance air intake system featured on the R6, 
BMW achieves a higher torque at lower engine speeds. The new R6 generates its maximum torque of 300 Nm at only 2,500 rpm, which remains constantly on tap up to 4,000 rpm.

The new three-stage resonance air intake system is a further development of the old dual system. By the use of a third resonance pipe, which is actuated via resonance valves, the engine speed range, in which the self-loading effect of the system takes effect, is increased. Each of the three resonance 
pipes is effective in a clearly defined section of this engine speed band. 

Capacity-controlled oil pump: double flow rate, precise control, substantially lower energy consumption.

In accordance with the current oil pressure, the capacity-controlled oil 
pump accurately supplies the required quantity of oil during each operating condition. As the oil circulation parameters (pressure, quantity and temperature) react partly in opposite ways, conventional pumps, which increase their flow rate according to engine speed, are not suitable for 
the complex requirements of the new BMW R6.

The whole dimension of the R6 project is aptly demonstrated by one 
single ancillary component. With the capacity-controlled oil pump BMW achieves two goals simultaneously:

–
the amount of oil intake corresponds to the quantity required under 
each particular operating condition. The capacity-controlled oil pump does not require a bybass in order to re-divert excess flow (up to 80%).

–
Thanks to the regulation of the actual requirement and the elimination 
of unnecessary output, the capacity-controlled oil pump consumes up 
to 2 kW less than conventional oil pumps.

Lighter and robust: the trapezoidal connecting rod.

When viewed from the side, the upper eye of the connecting rod is shaped 
like a trapeze. This new technology is used on the internal combustion 
engine to taper the conrod eye in its upper area, hence facilitating a saving in 
weight. Just a few grams on each connecting rod, which, however, make all the difference, considering the high speed at which the connecting rods move up and down inside the engine. 

Within the lower area of the connecting rod eye, the entire width is still required for the gudgeon pin in order to transfer the forces to the crankshaft via the connecting rod.

Like all other BMW connecting rods, those installed in the new inline six engine have also undergone the cracking process. This method entails breaking the lower connecting rod eye in two. The two parts are then bolted together again when assembled onto the crankshaft. Due to the uneven surfaces resulting from the cracking process, the link between the two parts of the connecting rod have far greater stability than the even surfaces obtained on conventionally sawn connecting rods. 

Shorter warm-up phase, additional oil cooling: 
Oil/water heat exchanger.

The oil/water heat exchanger transfers heat to the oil circulation during 
the warm-up phase, as cooling water heats up faster than oil. Consequently, heating of the engine oil is accelerated to such an extent that it reaches operating temperature much earlier, thereby shortening the uneconomical warm-up phase. 

In operating conditions resulting in higher engine output and high oil temperatures, heat is extracted from the oil circuit via the oil/water 
heat exchanger and from the engine via the coolant circuit and the engine cooling system. 

Marked overall reduction in the R6 engine’s friction.

In addition to an efficient control of coolant flow due to an electric water pump and of oil flow thanks to a capacity-controlled oil pump, the reduction in friction is a crucial factor in the reduction of fuel consumption. For instance, each cylinder-head element was modified to rolling friction. Thanks to optimisation of the bearing design, friction during crankshaft operation has been reduced.

High temperature resistant lightweight exhaust manifold: 
conformity with EU4 standards without secondary air.

BMW threw all its know-how into the exhaust manifold of the new inline six-cylinder engine, accomplishing a weight reduction of 0.8 kg in this component alone.

The differing thermal expansion coefficients of aluminium (cylinder-head) and steel (exhaust manifold) necessitate new solutions in this particular area. 
BMW uses a 2 mm thick, lightweight deep-draw flange (previously 12 mm), and, through the use of a graphite ring on each cylinder, achieves even 
more significantly improved tightness of the engine’s performance header.

The thin-walled ceramic catalysts are smaller and therefore lighter than they used to be. As a result, they reach their operating temperature and converting rate faster, thereby eliminating the need for secondary air intake.





































