

3.   Drive train

Engines and transmissions

BMW traditionally focuses attention on engine technology as much as styling, ergonomics or driving dynamics at the launch of a new model.  Not content to simply present a brand new 3 Series – a story in itself and a major headache for the car’s competitors – BMW is also providing the car with three engines new to 3 Series that perfectly complement the car’s character.

The revolutionary six-cylinder petrol unit recently unveiled in the 630i and two new four-cylinder engines, unveiled in the 1 Series, make their 3 Series debut.

	Model
	Power  (bhp)
	Torque (Nm)
	0-62mph (secs)
	Top speed (mph)
	Combined (mpg)
	CO2
(g/km)

	BMW 320i 
	150
	200
	9.0 (9.7)
	137
	38.2 (35.8)
	178 (190)

	BMW 320i ES
	
	
	
	
	
	

	BMW 320i SE
	
	
	
	
	
	

	BMW 320d 
	163
	340
	8.3 (8.6)
	140
	49.6 (42.2)
	153 (179)

	BMW 320d ES
	
	
	
	
	
	

	BMW 320d SE
	
	
	
	
	
	

	BMW 325i SE
	218
	250
	7.0 (7.7)
	153
	33.6 (31.4)
	203 (218)

	BMW 330i SE
	258
	300
	6.3 (6.6)
	155*
	33.2 (31.4)
	210 (216)


(* Electronically limited to 155mph, figures in brackets refer to automatics)

The new six-cylinder petrol – a revolution in engine technology 

· Intelligent use of lightweight technologies 

· The world’s lightest six-cylinder in volume production

· World’s first volume production engine featuring magnesium 

· Improved fuel economy and cleaner emissions

· VALVETRONIC technology now on six cylinder engine

The new three-litre six-cylinder petrol engine featured in the 330i has the highest output per litre, the best power-to-weight ratio, and the lowest level of fuel consumption of any car in its class.  The key to its success is the use of magnesium in its construction.  Magnesium is 30 per cent lighter than aluminium and has never before featured in a volume production engine.

The 330i sets a very high standard in terms of performance and efficiency.  Acceleration to 62mph takes just 6.3 seconds and is 0.2 seconds faster than the previous 330i.  It accelerates from 50–75mph in fifth gear 0.3 seconds faster in only 8.5 seconds. At the same time fuel consumption is down by 12 per cent averaging a remarkable 32.5mpg. Top speed is limited electronically to 155mph.

Weighing just 121kgs, the 3.0-litre straight-six engine demonstrates BMWs belief that an engine’s performance is critical to a car’s overall behaviour.  Low nose weight, power and a smooth high-revving range with a flat torque curve for in-gear flexibility all ensure that the 330i offers performance car responses when the situation allows, and stress-free motoring whilst motorway cruising or round-town manoeuvring.

Compared to the outgoing 3.0-litre unit, power is up 12 per cent while fuel consumption is down by the same amount.  The result of this engineering excellence is an engine with 258bhp (up 27bhp), which at 86bhp per litre represents the highest specific output per litre in its class. 

Conceived and designed to appeal to enthusiastic drivers, it excels through higher engine speeds and its fast-revving response.  Second-generation VALVETRONIC technology is the key to the improved performance and allows the six cylinder unit to run smoothly to almost 7,000rpm (up from 6,500rpm). 

The new six-cylinder engine marks the first time both BMW’s innovative VANOS and VALVETRONIC technologies have been fitted to a six-cylinder engine, adding new levels of refinement and performance.  VANOS determines when the valves open while VALVETRONIC determines by how much the valves open.  These electronic systems work in tandem with driver throttle inputs, ensuring that, no matter how heavy-footed or tentative is the driver’s right foot, the car’s engine can adapt to compensate and deliver the ideal performance for the situation at hand.  The new 330i Saloon actively flatters the day-to-day driver yet delivers all that would be required by Mark Webber, Nick Heidfeld or Andy Priaulx.
Peak torque of 300Nm remains the same as the previous engine but its delivery has been improved.  At a barely idling engine speed of 1,500rpm, 270Nm of torque is on hand for quick and smooth acceleration from standstill, yet with peak torque at 4,000rpm, in-gear acceleration is exemplary.  The torque curve is flatter with a peak now starting at 2,500rpm and running through to 4,000rpm (was 3,000 to 4,000rpm).  A new three-stage resonance intake system replaces the former two-stage unit and also contributes to this increased torque at lower engine speeds.
Weight reduction is also a key factor in increased engine efficiency.  The ’diet’ imposed on the six cylinder engine focuses on the use of aluminium and magnesium for the first time in a volume production engine.  Magnesium forms the engine block and several of the moving parts and the engine features the world’s first composite aluminium and magnesium crankcase.  Put into context, a comparable cast-iron block would be 43 per cent heavier than the composite unit used in the 330i.

The cylinder head cover is made from magnesium, which is also featured in a revolutionary process forming the bedplate  - the engine’s load-bearing structure – providing increased levels of torsional stiffness and the structural reliability usually reserved for motor sport engines.

Weight is also pared with the intelligent use of other lightweight materials and processes:

· Two lightweight camshafts are constructed from steel and then formed in a high-pressure water system, producing smooth and accurately machined units that between them reduce weight by 600g over a conventional engine. 
· The exhaust manifold now has a wall thickness of 2mm, compared to 12mm previously, with no detriment to the longevity of the engine. 
· Aluminium chain tensioning of the maintenance-free timing chain, and the use of a maintenance-free single-belt drive (rather than two) for all ancillaries, also saves weight. 
In the drive to increase fuel economy, both for environmental reasons and in order for petrol engines to remain competitive at the fuel pumps compared to diesel cars, another world first sees the 2,996cc engine receive an electric-powered water pump.  With the pump entirely independent from the drive train, and thus negating the need for a second belt drive, fuel consumption is improved thanks to the lack of friction and the need for just 200w of power to drive it, rather than a more typical figure of 2Kw.  Engine cooling is also made more efficient. 

Finally, engine sound is very important to enthusiasts.  The six-cylinder obliges by using an exhaust emission flap.  Operated by the engine management it gives the engine a throaty and sporting sound under full load and part throttle. 
The new BMW 320i

Apart from the legendary M range, the most powerful naturally aspirated four-cylinder petrol engine that BMW has ever placed in a standard production car makes its debut in the 3 Series. 

Unveiled in the BMW 120i in the autumn of 2004, the 1995cc unit produces an impressive 150bhp at 6,200rpm and 200Nm/147lb-ft of torque at 3,600rpm.

Power and torque improvements give the new 320i Saloon a character unique in the four-cylinder executive car market and the difference in performance is clear over its predecessors.  Six cylinders were required to produce the same power just two generations ago in the E36 BMW 320i, whilst peak torque is available at 3,600rpm rather than the 3,750rpm in the outgoing four cylinder saloon, which equates to an increase of approximately 23Nm available at lower engine speeds.  

These power and torque increases have been achieved by improving the intake and exhaust systems while a new electronic control unit provides a more instant throttle response to a level only previously achieved on engines with individual throttles such as M3 and M5.

Made exclusively at BMW’s Hams Hall plant in Warwickshire, power is up in the four cylinder petrol by 7bhp, whilst fuel consumption and emissions have improved by 0.2mpg to 38.4mpg on the combined cycle and two g/km to 178g/km respectively (36mpg and 190g/km for the automatic).  Top speed is increased to 136mph and the car meets the EU4 emissions standard.

Variable valve timing incorporating VANOS variable camshaft control on both intake and exhaust sides, as well as VALVETRONIC valve lift, contribute to these impressive figures and ensure a strong engine response through the gears. 0 – 62mph takes just 9.0 seconds, whilst 50 – 75mph in fourth is achieved in just 8.9 seconds.

The BMW patented VALVETRONIC system made its debut in the new generation of BMW four cylinder engines in the 3 Series range in the summer of 2001.  The system is directly responsible for improving fuel consumption in BMW’s petrol engines and following its four cylinder debut has been employed in the new generation of six, eight and 12 cylinder engines, making a valuable contribution towards a reduction in CO2 emissions across the BMW range.

Finally, the engine and exhaust system produce a sporty note, more akin to a six cylinder petrol.  This is due to the air movement within the unusual asymmetrical cross-section of the exhaust manifold (traditionally this would be circular), and the way the silencers are geared to the valve and ignition timing.

The new 320d: “Performance diesel”

Up to a few years ago, ‘performance diesel’ was the ultimate oxymoron. BMW’s recent six and four cylinder diesel engines have buried such jibes forever. 

Since the company’s first diesel engine, the 1982 six cylinder, 115bhp 524td - a car that was immediately best-in-class for performance - BMW has understood that its customers would not simply be satisfied with great fuel economy.  Saving the pennies at the pumps is obviously a key benefit for diesels, but BMW diesels must also deliver dynamics and performance that would not shame a petrol car.

This drive to offer the world’s best combination of frugality and performance in its diesel engines is now reflected in the sales charts.  The outgoing two-litre diesel 3 Series Saloon overtook the 318i Saloon as the best-selling BMW in the UK in 2004, taking 50 per cent of all Saloon sales.  As the 320d in Compact, Coupé, Convertible, Saloon and Touring models, the engine accounted for 35 per cent of all 3 Series sales.  These figures are repeated across the model line-up with diesels being the most popular of the 5 and 7 Series ranges.

The 1,995cc four-cylinder diesel unit in the new 320d Saloon was unveiled on the BMW 120d in September 2004 and features four valves per cylinder, direct-injection and second-generation common-rail technology.

With 163bhp available at 4,000 rpm, the 320d beats all competition in terms of output, whilst 340Nm of torque (251lb-ft) at 2,000 rpm is the highest output of any 3 Series bar the 330d, offering over 10 per cent more torque than the six cylinder petrol 330i.

A 0 – 62mph figure of 8.3 seconds is impressive enough for a four-cylinder diesel, and best-in-class, but the real demonstration of a car’s flexibility is its acceleration between 50 and 75 mph in fourth – a far more realistic test.  More drivers will benefit from this benchmark than simple ‘off-the-line’ sprinting ability.  Again the 320d excels, covering the distance in just 6.5 seconds, a time that cannot be beaten by the 330i or any other three-litre petrol cars in the class.

On the road these figures translate into a performance far superior even to the 320d it replaces.  When that was launched to critical and customer acclaim in 1998, it offered 280Nm/206lb-ft of torque, 136bhp and a 0 – 62mph figure of 9.9 seconds.  Top speed was 128mph, compared to today’s 140mph.  Performance figures improved (150bhp, 330Nm/243lb-ft) when second-generation common rail diesel technology was introduced onto the outgoing model in 2001, but with the new 320d, BMW has raised the standard in four-cylinder diesel engine technology yet further to appeal to both the conservative and the enthusiastic driver.

The EU4-rated engine produces a lowly 153g/km of CO2, placing it in the 16 per cent tax bracket for company car drivers.  Again, better than the competition and a clear and rational benefit.  Fuel consumption is efficient with well over 60mpg expected on the motorway and an achievable combined figure of 49.7mpg.

The technology behind these impressive performance figures percolates through the whole engine.  Fuel economy, the combustion process, cold-weather ignition, emissions regulation and the virtual obliteration of the diesel ‘rattle’ are all key engine technologies that BMW’s engineers have improved:

· A new volume-controlled high-pressure pump atomises the fuel more finely and precisely, developing pressure up to 1,600 bar.  This increases power, reduces noise and improves fuel economy. 

· Multiple fuel injections aid the combustion process, filling the combustion chambers faster and with exactly the right amount of fuel in a more highly atomised state.  Fuel injection up to four times per operating cycle (double-pilot, main, and after-injection) solves the conflict between engine output and noise control.  The double-pilot process reduces the delayed, and unnatural, power surge suffered by some diesels, while the after-injection stage improves the oxidation of particles and reduces emissions. 

· The exhaust gas turbocharger features electrically variable turbine geometry, a major contributor to the car’s best-in-class engine output per litre.  Referred to as VNT (Variable Nozzle Turbine) technology, it adjusts the requirements of the exhaust gas turbocharger to the engine’s current running conditions.  The electrical adjuster instantly modifies the angle of the turbine blades, allowing them to spin at the most desirable speed. 

· Blade geometry and intercooler technology have also been improved to increase turbine and compressor efficiency.  The intake system comes with a connecting duct, deactivated on demand, in order to optimise engine output, fuel consumption, and exhaust emissions.

· Balancer shafts housed in the oil sump and driven by the crankshaft suppress the vibrations and oscillations that plague many four-cylinder diesels, improving the engine’s smooth running.

· Optimised exhaust gas recirculation means that the 320d outperforms the strict EU4 emission standards.  Controlled by the oxygen sensor (positioned at the front of the catalyst close to the engine) and swirl flaps (in the intake manifold), this system contributes to the engine being one of the cleanest and most economical diesels in the world. 

Starting the engine at the touch of a button

The engine starts smoothly without any noticeable delay – even at 20°C below zero.  Rapid-action six-volt spark plugs support the start-up process in cold weather, warming only the tip to peak temperature as soon as the driver opens the door.  This Comfort Start process allows BMW to introduce the sporty starter button to the 3 Series range as standard. 

At normal running temperatures it is virtually impossible to distinguish the petrol and diesel engine by sound.  Even at low temperatures, BMW has virtually eliminated the typical ‘rattling’ noise characteristic of a conventional diesel. 

Six-speed transmission on all models

For the first time in the history of the 3 Series, all models come as standard with a six-speed manual gearbox. 

Shifting gears in the new 3 Series remains as crisp as ever, perfectly in synch with the car’s dynamics.  The additional gear produces closer increments between gears, and a wider gear range between the lowest and the highest gears.  With the same final drive ratio on the new 320i and 320d as the models they replace, gear ratios are therefore even more closely tuned to engine and road speeds, and to the driver’s requirements.
These transmission tweaks contribute effectively to the car’s dynamic behaviour, as they have been fine tuned to the new engines’ performance levels.  Acceleration is improved in all models, with the 320i and 330i covering the 0 – 62mph sprint 0.3 and 0.2 seconds quicker respectively than their predecessors.  The most dramatic impact however is on the 320d that knocks half a second off its previous best. 

Fuel consumption has been improved across the range, but on the petrol models specifically, BMW’s engineers sought to reduce fuel consumption at lower engine speeds through the car’s transmission settings.  A reduction of approximately four per cent has been generated via the availability of top speed in fifth gear, with sixth gear serving as an economy overdrive function (reducing engine speed and noise).  Finally, new technologies serve to keep the overall weight of the transmission the same as before – despite the addition of a sixth gear and extra power and torque. 

Automatic transmission with Steptronic

All new 3 Series models are offered with a six speed automatic transmission as a £1420 option. The automatic gearbox features Steptronic manual selection and Adaptive Transmission Management, which adapts the gearbox response to the driver’s own driving style.

Top speed comes in sixth gear.  The entire transmission is 10 per cent lighter than the outgoing version (even with an extra gear), contributing a four per cent improvement in fuel consumption (depending on the configuration of the car).  In Steptronic mode, a driver merely has to slide the gear stick into the left hand gate then push forwards to drop down a gear and pull back to move up the gearbox.

Saving fuel and weight – BMW’s attention to detail

BMW’s engineers have developed a new double-helical ball-bearing concept as the key technical highlight of the aluminium final drive, resulting in a significant increase in efficiency and improved fuel consumption.  The double-helical concept reduces operating temperatures and oil flow losses, which enhances the bearings’ function and service life, and contributes to a 10 per cent increase in the torque capacity of the final drive without any increase in weight. 

Finally, to reduce noise, the new BMW 3 Series comes (for the first time) with propeller shafts connected to the final drive by a universal disc. 




































