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The BMW Four-Cylinder Petrol Engine with VALVETRONIC. 
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1. Short Story.

BMW’s Four-Cylinder Petrol Engine with VALVETRONIC – 
a quantum leap in technology ensures a dramatic reduction 
in fuel consumption – largest engine project ever in the 
history of BMW.

BMW’s new generation of four-cylinder petrol engines is entering 
the market in June 2001, together with the market launch of the BMW 316ti compact. The most outstanding feature of the power unit absolutely new in every respect is VALVETRONIC, making this new four-cylinder the first production petrol engine in the world no longer requiring a throttle butterfly. The function of the throttle butterfly, 
the component that has obstructed the free ventilation of the petrol engine throughout a wide range of operation ever since its invention, is replaced by infinitely variable intake valve lift – a quantum leap 
in the history of the combustion engine comparable in significance to the transition from the carburettor to fuel injection, from the distributor-type injection pump to common rail technology, from mechanical to electronic engine management. The decisive advan-tage for the customer is a significant decrease in fuel consumption combined with much lower exhaust emissions, as well as a much better engine response and superior refinement. A further point is that VALVETRONIC does not require specific fuel grades or qualities in order to achieve maximum fuel economy, just as there is no need for oil grades not readily available in the market. 

In the operating range relevant to the customer, VALVETRONIC reduces fuel consumption by at least 10 per cent. Developing maximum output of 85 kW/115 bhp and with a top speed of 
201 km/h or 125 mph, the 316ti compact consumes only 6.9 litres of premium fuel for 100 kilometres (equivalent to 40.9 mpg Imp) 
in the EU combined test cycle – 0.7 litres less than its predecessor with maximum output of 77 kW/105 bhp and far more than a litre less than all competitors in this class. The 316ti also fulfils the EU3/D4 emission standard, thus giving its owner a tax bonus of DM 600.00 when registered in Germany.

VALVETRONIC is also the most significant and outstanding technology used by BMW for achieving the demanding EU fuel economy targets specified for the future, requiring a reduction 
of fleet consumption to 140 grams of CO2 per kilometre by the 
year 2008.

To give as many BMW owners as possible the advantages of VALVETRONIC, BMW’s 8- and 12-cylinder power units will also be converted to this technology by 2002. This clearly reflects BMW’s philosophy to offer the most advanced and advantageous technology not only in individual models built in small numbers for specific markets, but rather in all models, thus introducing such 
new technology as quickly as possible in all markets the world over. 
This makes this change in engine generations the largest engine project ever throughout the entire history of BMW. 

Introduction of the new engines will coincide with the market launch of the BMW 316ti compact in June 2001.

[image: image3.wmf]0

40

80

120

160

200

240

0

1000

2000

3000

4000

5000

6000

7000

Revolutions [min-1]

Torque [Nm]

0,0

20,0

40,0

60,0

80,0

Power [Kw]

2. Conventional Throttle Butterfly Causes Significant Losses in Power. 

So far the process of controlling the gas charge cycle in a petrol engine has always been a compromise between output and torque, on the one hand, and fuel consumption, emissions and comfort, on the other. Partly variable valve control currently culminating in BMW double-VANOS (with the abbreviation VANOS standing for variable camshaft angle control) as the most sophisticated technology of this kind already reduces this compromise to a minimum, but cannot provide a complete, all-round solution. 

This is because the throttle butterfly makes it impossible to reduce fuel consumption any further, since the throttle butterfly has obstructed free ventilation of the petrol engine throughout a wide range of operation ever since its invention. To briefly recapitulate the situation, the throttle butterfly serves to control engine output. Without the throttle butterfly the engine would constantly run at full throttle. Whenever it is not fully open, however, the throttle butterfly causes a loss in power and therefore wastes fuel. And while BMW double-VANOS is able to adjust both the beginning and the end 
of the valve opening period, even this option for controlling engine output has certain limits.

Controlling output by adjusting valve lift: 
VALVETRONIC fully variable valve drive. 

BMW’s engineers have now succeeded in achieving the indispen-sable throttle butterfly effect without the fundamental disadvantages of the throttle butterfly, that is a substantial loss in power whenever the butterfly is not fully open. They have replaced the throttle butterfly by variable intake valve lift, thus creating the first fully variable valve drive for large-scale production. 

Called VALVETRONIC, this system is based consistently on BMW’s proven, infinitely variable double-VANOS already so successful in the market. Now the additional, variable valve lift adjusts the effective cam action and, accordingly, the valve opening cross-section and period according to the specific requirements involved. 

3. At Least 10 Per Cent 
More Fuel-Efficient: 
Same Fuel Economy as only 
a Diesel in the Past.

The reduction in fuel consumption provided by this concept of throttle-free load management is roughly 10 per cent in the EU cycle and at least 10 per cent under practical driving conditions relevant 
to the customer. The basic calculation is that the savings effect increases versus other engine concepts the more often the driver runs the engine at low loads and engine speeds. The potential offered by VALVETRONIC for saving fuel is therefore far greater 
than that of partly variable concepts such as double-VANOS or switchable valve levers. Indeed, the fuel economy achieved in this way is comparable to the standard of economy only the diesel engine was able to offer until recently. 

4. Taking Nature as a Role Model: 
The Human Being also Applies the VALVETRONIC Principle.

A comparison with the human being makes the effect and efficiency of VALVETRONIC easy to understand: When making a great physical effort, the human being breathes in a deep and long pro-cess of ventilation. Whenever he needs less air, on the other hand, he does not throttle the intake of air by, say, holding his nose or mouth, but rather simply breathes in a shorter and “flatter” process. On a conventional combustion engine the throttle butterfly is basically comparable to a human being holding his hand over his nose or mouth. VALVETRONIC, in turn, with its valve lift sometimes larger (= deep, long ventilation) and sometimes smaller (= flat, 
short ventilation) allows the engine to breathe like a human being 
in nature, always taking up air in accordance with current requirements, without any throttle effect and therefore with 
maximum efficiency. 

5. A Miracle in Mechanical 
Refinement: 
How VALVETRONIC Works. 

With VALVETRONIC the camshaft does not act directly on the rocker arms operating the valves, but rather goes through an intermediate arm. Contrary to the rocker arms positioned horizontally beneath the camshaft, these intermediate arms are arranged vertically next to the camshaft and have a roller in the middle running along the cam. The lower end of the intermediate arms rests 
on the rocker arm roller, the upper end of the intermediate arms 
is supported by an eccentric shaft via a second roller. 

Whenever the camshaft turns in this configuration, the intermediate arm moves to and fro like a pendulum. In order to convert this horizontal motion into vertical movement, the intermediate arms have a very complex free-form contour at the bottom comparable at first sight to a boomerang: Half of this contour line runs parallel 
to the rocker arm, the other half is at a slight angle. Only when 
the angled part of this contour line acts on the rocker arm roller, pressing the rocker arm down in the process, does the valve open. 

Due to the transmission ratio of the lever only about half of the entire boomerang contour is transmitted to the rocker arm. Where this half begins and ends is determined by the pivot point of the transmission lever. And this is where the eccentric shaft driven by an electric motor comes in: Whenever it presses the upper roller of the transmission lever (or intermediate lever) towards the camshaft, the pivot point of the lever and, accordingly, the effective part of the boomerang contour changes accordingly. This means that intake valve lift can be varied infinitely between a fully closed position – in theory – and a fully open setting: the VALVETRONIC principle. 

The fundamental advantages of VALVETRONIC: 
speed and precision.

Valve lift is fully variable between 0.0 and 9.7 millimetres. The electric motor adjusting the eccentric shaft via a worm gear requires just 300 milliseconds to move from minimum to maximum lift. 
In addition there is the adjustment range of the VANOS units able 
to turn the intake and outlet camshafts by 60o each relative to 
the crankshaft. Here again, the adjustment time from one end to 
the other is 300 milliseconds.

Extremely powerful control systems are required for such fast adjustment. VALVETRONIC therefore has its own computer housed in a separate unit away from the engine management as such. 
It is however networked with engine management incorporating as its highlight a 40-megahertz 32-bit computer. In all, both control units together have a capacity of 1.6 megabytes.

All moving parts in the valve drive system are optimised to reduce their total mass to just 82 grams per valve shaft and set up a new record in frictional efficiency by the consistent use of roller friction surfaces. No other series production four-cylinder requires as little power for driving the valves on this new engine from BMW. 

VALVETRONIC not only operates with the precision of a refined watch movement, but is also produced with this precision: The intermediate levers are manufactured in a fine-casting process and then machined with a standard of precision so far only to be found in engine construction in the production of diesel injection systems. Particularly the free form line – the boomerang contour – is finished with an accuracy of 8/1,000ths of a millimetre. The cams on the eccentric shaft are also manufactured with a tolerance of only a few 100ths of a millimetre.

In principle VALVETRONIC is made up of two parts: the so-called cam carrier with the intake camshaft, the 8 intermediate levers 
and the eccentric shaft. This preassembled module is placed on 
the actual cylinder head together with the other valve drive units. 

The VALVETRONIC principle is based on a BMW patent, the parts themselves are manufactured at BMW’s Hams Hall Plant in Great Britain, where the entire engine is assembled. 

6. Decisive Advantages over Current Direct-Injection Petrol Engines.

Another advantage of VALVETRONIC highly relevant to the customer is that it offers at least the same fuel economy as a modern direct-injection (DI) petrol engine, but without the same compromises in terms of emissions. And it therefore does not require the elaborate and currently not very robust emission management technology still absolutely essential with a direct-injection petrol engine. Yet a further advantage is that the VALVETRONIC engine does not require sulphur-free fuel and achieves its superior standard of fuel economy with proven ( =1 technology, running in the process on all usual fuel grades. The customer therefore benefits from the full economic potential offered by VALVETRONIC even when driving in countries without a nationwide supply of sulphur-free fuel, which is not the case, of course, with a direct-injection petrol engine.

VALVETRONIC also offers other benefits for the customer.

Apart from these remarkable benefits in terms of fuel economy, the VALVETRONIC concept also gives the customer other advantages. These are:

•
excellent cold start behaviour,

•
superior running smoothness and refinement,

•
a spontaneous, direct response never achieved before.

These benefits are attributable to the fundamental characteristics 
of this new BMW technology: When running under part load, 
a VALVETRONIC engine operates with relatively short valve lift of about 0.5–2 millimetres. Whenever valve lift is this small, fuel is 
only able to enter the combustion chamber through a small, narrow opening ensuring through the entry speed alone that the fuel/air mixture is atomised ideally even when the engine is cold, while by comparison a conventional engine draws in relatively large droplets of fuel. Fine atomisation of the fuel is however the prerequisite 
for rapid, consistent and effective ignition and combustion. Added 
to this, there is the advantage of even greater smoothness and refinement at low engine loads, since the valves only move slightly under such conditions. 

Yet a further advantage is the unusual spontaneity of the engine when the driver gives gas. This again is due to the fact that engine load management, to use the technical term for “giving gas”, is close to “where the action is”, that is directly at the combustion chamber. This eliminates the otherwise noticeable time lag between “giving gas” and accelerating otherwise caused inevitably by the process 
of filling the intake manifold between the throttle butterfly and the combustion chamber. In fact, VALVETRONIC even outperforms the most advanced concepts with individual throttle butterflies in this respect, combining a spontaneous response and ultra-fine dosage of fuel under low engine loads in an unprecedented manner.

BMW’s new four-cylinder engine also sets the standard through its unparalleled full load behaviour, thus providing dynamic performance and engine power characteristics never seen before:

Maximum output of the 1.8-litre engine featured in the 316ti compact is 85 kW/115 bhp at 5,500 rpm, maximum torque is 
175 Nm/129 lb-ft at 3,750 rpm. And at least 90 per cent of this maximum torque remains available throughout a broad engine 
speed range of 3,000 rpm.

7. All-New Basic Engine with 
Many Other Intelligent Features for Even Greater Fuel Economy.

Not only the cylinder head with VALVETRONIC, but rather the entire four-cylinder power unit is an all-new design with a whole range 
of special features serving to further reduce fuel consumption and increase both running smoothness and practical reliability:

The engine block itself is made of aluminium in open deck design featured for the first time ever by BMW. With the “top deck” being dropped in this case, the engine can be manufactured through pressure die-casting with reduced wall thickness and, as a result, 
a corresponding reduction in weight. A further advantage is that this process allows direct casting of the grey-cast cylinder liners subject to less deformation than with a closed deck engine block. With cylinder roundness being enhanced in this way, the engine offers further advantages in terms of oil consumption and friction, which ultimately again means greater fuel economy.

The crankcase extends up to the middle of the crankshaft bearings. Between the crankcase and the oil sump there is a ladder frame comprising as one single unit the lower half of the crankcase bearing bridges, with the two balance shafts as well as the two-stage oil pump fitted from beneath. This configuration makes the entire drive unit very stiff and stable and thus reduces the transmission of vibrations to other components to an absolute minimum. The bottom line, of course, is that vibrations and noise on the steering wheel, gearshift lever and pedals perceived by the driver are reduced to a minimum. 

All ancillaries are bolted directly on to special attachments on the crankcase, without requiring any conventional supports or mounting brackets – again an advantage in terms of smoothness and vibration control. The underpressure required for the brake server provided 
by the throttle butterfly on a conventional engine is generated by a vacuum pump fitted at the rear end of the outlet camshaft. And while the engine still has a throttle butterfly, this butterfly serves only to perform failsafe and diagnostic functions, as well as tank ventilation (tank purge management). Under normal operating conditions the throttle butterfly always remains fully open. 

As on all BMW power units, the crankshafts are driven by a chain not requiring any maintenance at all throughout the entire service life of the engine. This relieves the customer of any annoying and time-consuming visits to the workshop as well as the high cost of maintenance and unnecessary operating risks inevitably resulting from the use of a toothed belt running the crankshafts. 

Significantly improved thermal balance.

The engine coolant sections open at the top around the cylinder liners allow the application of a new crossflow cooling concept with only one-quarter of the usual coolant flow resistance. Accordingly, there is no forced circulation of coolant any more in the crankcase, circulation being ensured exclusively by the difference in pressure. As a result, the water pump is only half the size of a conventional unit and its power uptake is down to 60 per cent. The water pump is fitted on the outlet side of the cylinder head on the crankcase, where it is driven together with the steering assistance pump and delivers coolant directly to the cylinder head. At the cylinder head the coolant flows through a long duct initially to the hottest points, the outlet valve supports, and from there to the intake side. The advantage of this crossflow process is excellent cooling efficiency with maximum temperatures approximately 60 oC lower than on an engine with coolant flowing longitudinally from one end to the other. 
The big benefit for the customer, in turn, is a further reduction in 
fuel consumption thanks to the reduction in power for running 
the water pump and better control of engine knocking due to the more consistent spread of temperature throughout the engine. 

The combination of the coolant supply and steering assistance pump on one shaft also offers further advantages over and above a far more compact design: After the engine has been started cold, the coolant warms up more quickly and increases the temperature of the hydraulic fluid in the process, again enabling the hydraulic pump to run on less power. And once the engine has reached its normal operating temperature, the fluid is able to transmit its warmth to the coolant, reducing the maximum temperature of the coolant in this way by approximately 30 oC.

The oil/coolant heat exchanger offers the same effect, the coolant heating up the engine oil more quickly to again provide an increase in fuel economy in the overall test cycle by almost 1 percentage point. Whenever the engine is running under high load, in turn, the heat exchanger serves to reduce maximum oil temperature by 
30 oC. And last but not least, the oil/coolant heat exchanger is much more compact in its dimensions than an oil/air heat exchanger. 

Most advanced engine technology. 

It goes without saying that BMW’s new four-cylinder offers state-of-the-art technology on all other components. Here are just some of its essential parts and features:

•
Knock control for running on all fuel qualities between 
87 and 99 octane.

•
Maintenance-free ignition with individual coils.

•
Maintenance-free valve drive with hydraulic valve play compensation and maintenance-free chain drive of the camshafts.                                                   

•
Maintenance-free ancillary drive by a flat belt.

•
Oil filter element exchangeable from above.

•
Service Interval Indicator determining service requirements as a function of actual engine load and not as a simple mileage- and time-related function.

•
Two-mass flywheel for superior smoothness and refinement especially at low engine speeds. 

•
Balance shaft to eliminate vibrations resulting from free mass 
and momentum forces.

•
Four-valve drive running throughout in roller bearings 
for minimum friction and enhanced fuel economy.

•
Pre-catalysts with intake manifolds close to the engine 
for minimum emissions.

•
Cracked connecting rods.

•
Prepared for the use of hydrogen.

BMW’s new generation of engines is the first engine generation 
with all parts and components designed and constructed in a digital, three-dimensional process providing an enormous improvement 
in efficiency thanks to the sophisticated combination of simulation calculations, the variation of parameters, the production of prototypes, the careful determination of dimensions and space requirements, and the simulation of assembly processes. 

VALVETRONIC is being introduced in the 1.8-litre power unit entering the market in June 2001 in the BMW 316ti compact. Further engines will be following step-by-step.

8. Datasheet.
BMW four-cylinder petrol engine 
with VALVETRONIC.
1.8 litres, 85 kW/115 bhp, 
175 Nm/129 lb-ft.
Design
–
Straight-four petrol engine

Code
–
N42B18

Output
kW/bhp
85/115 at 5,500 rpm

Torque
Nm/lb-ft
175/129 at 3,750 rpm

Combustion process
–
Lambda=1; air mass control

Capacity, effective
cc
1,796

Compression ratio
–
10.5

Bore/stroke
mm
84/81

Crankcase
–
Aluminium; no forced flow; cast-in grey-cast liners

Height of cylinder block
mm
222.3

Gap between cylinders
mm
91

Cylinder land width
mm
7

Main bearing dia 
mm
56; rear bearing 65

Conrod bearing dia 
mm
50

Conrod length

Height of piston combustion land
mm

mm
153.1

4.0

Cylinder head
–
Aluminium; crossflow cooling

Crankshafts
–
2; chain-drive

Valve drive
–
Electrically infinitely variable intake valve lift; 
hydraulically infinitely variable phase adjustment of intake 
and outlet camshafts; 
hydraulic valve play compensation

Valve dia 
mm
Intake 32/outlet 29

Valve shaft dia 
mm
Intake 6/outlet 6

Valve angle 
°
Intake 14/outlet 16.5

Max valve lift
mm
Intake 9.7/outlet 9.7

Valve opening period 
°CS
Intake 250/outlet 258

Intake phase adjustment
°CS
Infinitely variable throughout a 60° range

Outlet phase adjustment
°CS
Infinitely variable throughout a 60° range

Intake manifold 
–
Plastic

Balance shafts
–
2

Engine weight to BMW standard
Kg
132.7

Directive Fuel supply
–
Sequential multipoint intake manifold injection; 
all-electronic throttle butterfly adjuster for diagnostic functions, failsafe operation and tank purge

Fuel grade
RON
87–99; knock control

Emission standard
–
EU3/D4

Exhaust system
–
Exhaust manifold with pre-catalysts close to the engine and main catalyst on the underfloor; injection of secondary air

Market launch
–
June 2001

9.  Torque and Output Curve.
BMW four-cylinder petrol engine 
with VALVETRONIC.
1.8 litres, 85 kW/115 bhp, 
175 Nm/129 lb-ft.

10. Production.

Opening the new Hams Hall Engine Plant in Britain, BMW is hailing the era of an all-new, truly revolutionary generation of power units. Hams Hall is thus becoming a fully-fledged competence centre within the BMW Group’s international plant network, focusing 
on BMW’s new four-cylinder petrol engines with VALVETRONIC.

Supreme quality ensured by the most advanced 
production facilities.

Together with a fully motivated and highly qualified team of associates, the most advanced, state-of-the-art production facilities of the highest international standard provide the foundation for 
the first-class quality of these new, highly efficient BMW engines. The result is a very highly automated and, accordingly, cost-efficient production process reflecting all the experience of BMW in the art 
of engine construction. The Hams Hall Engine Plant has the highest standard of automation within the entire BMW plant network, that 
is 100 per cent in machining operations, 70 per cent in logistics, and 50 per cent in assembly. Thanks to the data network with BMW’s Engine Development Division, the Group’s suppliers and all BMW car production plants receiving the new engine from Hams Hall, 
the new engine plant combines a high standard of flexibility with consistent maintenance of minimum stock levels. 

Mechanical production of engine components such as the crank-case, crankshaft and cylinder head is on fully automated transfer lines with integrated quality and process control. With tolerances being limited to a mere 8/1000ths of a millimetre, the demands 
for precision in the assembly of the cylinder head with individually matched parts and components for the VALVETRONIC mechanism are very high indeed. To ensure an absolutely smooth production processs free of any friction in the production and assembly of BMW’s high-tech engines, each associate is responsible him- 
or herself for the quality achieved in production. And in the process associates are supported by integrated function tests making sure that only absolutely perfect parts and components are able to go on to the next assembly station.

The most advanced measuring, laboratory and test technologies 
are used furthermore to ensure consistent quality throughout – for example fully automatic measuring machines for geometric data, 
the electronic analysis of materials in chemical and metallurgical testing, and fully automatic performance and output tests for product audits. All assembly and test data possibly critical to proper engine functions are recorded in this process on an electronic engine datasheet available for further perusal whenever necessary. Before an engine from Hams Hall can leave the plant for one of BMW’s car production facilities, all essential engine functions are checked once again in a low temperature test. The focus in this case is on friction and drag forces, pressure standards and electronic connections, as well as a full range of tests to eliminate any leaks. The particular benefit of these cryogenic tests is that the engines are able to run under very environmentally compatible, 
cost- and time-efficient conditions, without any heating and coolants being required. This clearly provides a good insight into all essential engine functions. The new engines built in Hams Hall finally go 
to BMW’s car production plants in Munich, Regensburg, Dingolfing, Spartanburg (USA), and Rosslyn (South Africa).

The workforce as a guarantee for success.

The complex processes and technologies performed and used 
in Hams Hall call for a highly qualified workforce, which is precisely why BMW picks the associates very critically and conducts 
a comprehensive training programme for all members of the workforce. Efficient exchange of experience and know-how with BMW’s other engine plant in Munich and the Steyr sister plant serves furthermore to provide a high-quality information network. And thorough, intensive exchange of personnel, finally, serves 
to integrate all associates into the BMW production network and 
the cultural world of BMW.

To support associates as efficiently as possible in their work and, 
at the same time, to avoid any health impairment, particular attention has been given in Hams Hall – as in all BMW Group plants – 
to the need for ergonomic working conditions. Driver-less transport systems, for example, taking engines in the assembly area to 
the individual worker’s operating stations, adjust automatically to the work level required, depending on the height of the worker involved. Handling units for the installation of heavy engine components, in turn, also help to make conditions more favourable for the workers.

Investments in the future.

The BMW Group has already invested DM 1.2 billion (approximately GBP 400 million) in the new production plant near Birmingham 
and will be creating approximately 1,500 jobs in Hams Hall once production starts at full swing. Starting operations at Hams Hall, 
the BMW Group is furthermore securing many additional jobs with suppliers and at the BMW plants in Berlin, Landshut, and Steyr. 
The vast majority of parts and components supplied to Hams Hall come from Germany, followed by Great Britain, Austria and France. Production of engines at the Hams Hall Plant in the year 2001 
will amount to no less than 60,000 units from the start, an annual production volume of approximately 400,000 units being quite possible in the years to follow.

BMW’s engine plants within the BMW Group’s plant network.

Apart from the new engine plant in Hams Hall, where all of 
BMW’s four-cylinder petrol engines will be produced in future, 
the BMW Group has two additional production facilites for 
BMW engines, one at the Munich Plant, the other in the Austrian town of Steyr. With the production curve of the new four-cylinder petrol engines moving up in Hams Hall, production of the former engine at the Steyr Plant will be cut back step-by-step. The capacity provided in this way will be used in Steyr mainly for expanding the production of diesel engines in order to cater for the great demand for these engines in the market. Apart from four- and six-cylinder diesel engines, BMW also builds straight-six petrol engines in Steyr. The same engines are built in Munich, where the Special Engine Production Shop at the Munich Plant manufactures the high-performance power unit for the BMW M3. The Munich Plant is also the Group’s competence centre for the construction of all 8-cylinder power units, that is the V8-diesel and the V8-petrol engine as well 
as the high-performance version for the M5. And last but certainly not least, the BMW 12-cylinder engine is also built in Munich.
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N42B18 Status

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



175 Nm @ 3750min-1

85 kW @ 5500min-1
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