

3.    Drivetrain

Invigorating performance, frugality and environmental compatibility are among the many strengths of the new 6 Series.  At its heart beats the 4.4-litre V8, already seen in the revised BMW X5, 545i and 745i, giving the 645Ci Convertible all the power and refinement one could need.  This engine’s performance credentials, already endorsed by winning the International Engine of the Year Award 2002, are put to good use in the new Convertible and operate in perfect harmony with the car’s lightweight body technology, six-speed gearbox and nimble, aluminium chassis. 

As with the 5 Series and 7 Series, the 645Ci’s maximum power output is 333bhp (245kW) at 6,100rpm while its maximum torque of 332lb/ft (450Nm) peaks at a relaxed 3,600rpm.  Clearly, this kind of power – more than rivals such as the Jaguar XK8, Porsche 911 and Mercedes SL500 offer – is a recipe for truly exhilarating performance on the road. 

A manual or SMG-equipped 645Ci Convertible can accelerate from 0-62mph in 6.1 seconds, or in just 6.2 seconds with STEPTRONIC automatic transmission.  In fourth gear the manual version can cover the 50-75mph sprint in 5.5 seconds – further proof, if it were needed, of this engine’s irresistible urge.  And yet, on a long continental cruise, it achieves an impressive EU combined fuel consumption figure of 22.1mpg (12.8 l/100km) with manual or SMG gearboxes, or 24.6mpg (11.5 l/100km) with the automatic.  This allows a range of 350 miles before replenishing the 70 litre tank. 

That the conflicting demands of performance and economy have been so well met can be largely attributed to the virtually infinite adjustment of vital engine functions such as valve lift (VALVETRONIC), valve timing (Bi-VANOS) and the ‘differentiated, fully variable intake manifold’ (DIVA).

VALVETRONIC is a BMW-developed and patented system that removes the need for a throttle butterfly.  It ensures that each valve only lifts as much as necessary (between 0.3 and 10mm) and was pioneered in 2001 on BMW’s four-cylinder petrol engines produced at Hams Hall in Warwickshire.  Apart from VALVETRONIC’s fuel-saving benefit, the reduction of valve movement also affords a quieter, smoother-running engine.

Bi-VANOS is a further development of BMW’s camshaft adjustment system that allows for infinitely variable valve timing.  It manages exhaust emissions, engine output and torque to optimise the idling quality and fuel economy of the engine.  The bi (or ‘double’) element of VANOS signifies that this adjustment applies to both the intake and exhaust camshafts and ensures that valve timing is adjusted to meet the precise load requirements determined by the driver. 

DIVA, the variable intake manifold system, continuously adjusts the air intake pipe length to match the required power and engine speed.  This ensures that optimum power and torque are available over the entire engine speed range aiming to deliver perfect response. 

The twin-chamber, welded exhaust system is fabricated in stainless steel for an extended service life.  The exhaust gases exit through two flat-oval, chrome-sleeved tailpipes.  These are not only visually appealing but also treat occupants and bystanders to the resonant rumble that only a V8 engine can deliver.

In addition to the fully automated valve control and intake manifold systems, BMW’s advanced Dynamic Drive Control (DDC), or Sport mode, can be activated at the touch of a button.  Among its myriad functions DDC monitors the car’s on-board power management and can switch off power-consuming items not currently needed.  At the same time it re-prioritises energy as required to other power consuming systems, ultimately improving and indeed maximising, throttle response. 

By activating DDC via the Sport button by the gearlever, the driver is able to sharpen the dynamic characteristics of the car with increased throttle response and weightier steering (NB: steering is unaffected by DDC with Active Steering option).  The system also offers gear changes at higher revs in the Automatic or Drive function on the SMG.  

The sensors feeding information to DDC also control the innovative variable intake ducts located just behind the front kidney grille intakes.  Six moving ‘wings’ automatically control the channelling of cooling air to the engine and ancillary systems, improving aerodynamics when closed and enabling speedier engine warming from cold.

The 645Ci Convertible comes as standard with a six-speed manual gearbox by ZF.  Despite weighing just 53kg (30kg less than its five-speed forebear) and being 50mm shorter, this gearbox is designed to handle a maximum torque of 442lb-ft (600Nm) at 6,500rpm.  These parameters make it one of the most robust gearboxes in use.  With sixth gear serving primarily to ensure smooth, fuel-efficient motoring at higher speeds, the lower gear ratios furnish the 645Ci with immediate, vigorous acceleration.

Available as an option, the six-speed Sequential Manual Gearbox (SMG) can shift gears in just 150 milliseconds, either via paddles on the steering wheel or by flicking the gearlever in the required direction – pulled towards the driver for up and away for down.  As the name indicates, gears are shifted in sequence thus avoiding the risk of changing to the wrong gear.  However, gears can be skipped if desired by pushing the lever or paddles several times.  There is no clutch pedal since the clutch is operated automatically and, should the driver choose not to change gear manually, the task can be left to the gearbox’s control system in Drive mode.  Once selected, gears shift automatically. 

Also available as an option is a ZF six-speed automatic transmission with Steptronic.  Featuring Adaptive Transmission Management (ATM) this gearbox adjusts to driving style and conditions for a smoother or more responsive drive in either normal or Sport mode, while the Steptronic function allows ratios to be shifted manually.

4.    Chassis and running gear

BMW prides itself on delivering the very best in chassis technology and suspension, and the new 645Ci Convertible continues confidently in that vein.  Furthermore, there is no other 2+2 convertible offering the same athletic agility and dynamic performance, notwithstanding its excellent levels of luxury and refinement. 

The foundation for the poise and agility of the 645Ci Convertible lies in its all-aluminium, wide-track suspension, its near-equal front/rear axle weight distribution, the lower unsprung masses and responsive steering unpolluted by drive forces courtesy of rear wheel drive.  But the new 6 Series also offers customers the opportunity to fine tune handling to their particular requirements with patented innovations such as Active Steering and the Dynamic Drive anti-roll system.

With the exception of a few components frequently subjected to high loads (such as the tie bars, wheel bearings and bearing pivots), the double joint spring-strut front axle of the new BMW 6 Series Convertible is made entirely of aluminium.  This front axle subframe accommodates the steering rack, anti-roll bar, wishbones and control arm.  The U-shaped front axle subframe is reinforced by a thrust plate to ensure a higher standard of lateral stability and, as a result, more precise responses to loads and forces.

The Integral IV rear axle is the ideal configuration for primary chassis and suspension functions as it is engineered to feature rubber mountings at all joints rather than bolted parts.  The four control arms per wheel on the integral rear axle are not fastened directly to the body, but instead rest elastically in an axle subframe that also supports the rubber bearing-mounted final drive.  The subframe, in turn, is connected elastically to the car’s body by four extra-large rubber mountings.  Bumps and vibrations transmitted from the road first have to pass through these absorbent mountings before being able to reach the passenger compartment.

Another reason for the 645Ci Convertible’s comfort is that the rear axle flexes longitudinally as well as laterally.  A swinging arm at the front of the rear axle with bearings on the rear axle subframe allows additional longitudinal suspension on the entire rear subframe.

Steering

The Servotronic power assisted steering on the new 6 Series is based on the hydraulic rack and pinion principle, but masterminded via a computerised map operating independently of road speed.  This renders the steering smooth and manageable while reducing the risk of excess input at high speeds.

Active Steering 

Active Steering is available on the 645Ci Convertible as an option.  It provides a far more agile and precise steering response up to speeds of about 75mph.  Faster than this and Active Steering gradually reduces both the steering angle and steering assistance for improved straight-line directional stability.  At much lower speeds, for instance while parking, steering ratio is increased so that turning from lock-to-lock can be accomplished in under two revolutions of the wheel, or about one turn less than the already-optimised standard rack and pinion set-up. 

Active Steering is based on the principle of a superimposed steering angle; a step motor on the steering rack increasing or reducing the driver’s steering input.  In practice this means that the step motor rotates in the same direction as the steering wheel position up to medium road speeds, thus turning the front wheels somewhat further and reducing the steering forces required.  But, at high speeds, the step motor acts against the predetermined steering position, reducing steering lock on the wheels.  This then makes the steering’s transmission ratio more indirect while Servotronic simultaneously reduces the level of power assistance to ensure improved directional stability.

So, Active Steering combines steer-by-wire technology in the flow of information to the system’s control unit with a mechanical hydraulic steering system that effects the changes on the steering ratio.  This combination provides good feedback to the driver with electronic assistance that offers increased convenience and safety. Importantly, with the steering wheel and steering rack mechanically linked to each other, the steering would still maintain full response and control in the unlikely event that the electronics should fail. 

Another important element is that Active Steering communicates with the Dynamic Stability Control (DSC) control unit, intervening via the steering angle on the front wheels to provide extra stability and modify the yaw angle when required.  This steering intervention is faster and less noticeable in the lower DSC response range than when DSC applies braking itself and effectively reduces the number of DSC interruptions under enthusiastic driving.

Dynamic Stability Control (DSC)

A wide range of standard control systems fitted to the 6 Series Convertible interact with one another under DSC control.  Permanently monitoring driving conditions, DSC and its sub-functions can instantly reduce drive to the rear wheels or activate the brakes as soon as it detects a loss of traction or oversteer, thus stabilising the car within fractions of a second.

One contributory component to DSC is ABS (anti-lock braking system), which in turn incorporates CBC (Corner Brake Control). CBC can apply the brakes lightly on the inner rear wheel in a bend at medium to high speeds in order to enhance or preserve stability. 

Automatic Stability Control (ASC) can also intervene, electronically controlling engine torque and enabling the car to set off smoothly on slippery gradients without the rear wheels spinning.  In practice, ASC acts in much the same way as a limited-slip differential.

A further element is Dynamic Traction Control (DTC), which can be activated manually by pressing the DSC button. This has two effects. Firstly, it improves slow speed traction in wintery conditions by allowing some slip before intervening.  Secondly, DTC slightly raises the response threshold of the DSC’s brake intervention, permitting a more sporting driving style.  DTC does not, however, detract from the safety functions maintained by DSC.

Dynamic Brake Control (DBC) helps build optimal stopping power in a potentially dangerous situation should the driver fail to press the brake pedal hard enough.  Finally, Electronic Brake Force Control (EBC) monitors the function of ABS and, if required, releases braking power to those wheel(s) without sufficient grip, while increasing brake force to those which do. 

Dynamic Drive

As an option the BMW 6 Series Convertible comes with the Dynamic Drive chassis and suspension control system.  First seen on the current 7 Series, it maintains occupant comfort by actively suppressing body roll during cornering. In the process it improves both steering precision and balance, which in turn delivers an even higher standard of active safety.

Dynamic Drive largely eliminates the conflict of interests between handling and ride quality, since it allows the springs and dampers to be tuned for a high standard of comfort while providing exactly the right shock-absorption characteristics.  A car fitted with Dynamic Drive can absorb up to 80% of body roll at up to 0.6 lateral g.

The key elements of Dynamic Drive are two active anti-roll bars integrated in the front and rear axles in place of conventional mechanical anti-roll bars.  These active units are made up of a hydraulically operated swivel motor with the motor’s shaft and housing each linked to one half of the anti-roll bar assembly.  Their job is to convert hydraulic pressure into a torsional, stabilising force.  But when driving in a straight line, the two halves of the anti-roll bars are released to avoid swaying movements on asymmetric road bumps.  All this differs significantly from a conventional anti-roll bar that is constructed from a solid rod of metal.

Brakes

The 645Ci’s patented extra-large swing-calliper brakes with inner-vented discs ensure excellent, fade-resistant braking.  The discs (348mm diameter front, 345mm rear) have friction surfaces made of carbonised grey-cast iron while the rest of the disc and the callipers are made of aluminium, so contributing to the important reduction of unsprung weight.  The carbonising process also reduces the possibility of disc distortion caused by constant heat expansion and contraction, so increasing their service life by up to 20%.

Run-flat tyres

The new 6 Series Convertible is equipped with Run-flat tyres obviating the need for a spare or emergency wheel.  Reinforced outer walls with additional inserts and a temperature-resistant rubber compound enable them to run a distance of at least 90 miles under full load at a maximum speed of 50mph, even when completely deflated.  With a lighter load or with some air left, the mileage increases significantly.  ABS, ASC and DSC remain fully functional in all cases, and thanks to a special double-rim design, the Run-flat tyres cannot come off the rims even during a sudden and rapid loss of pressure.  An additional benefit is that, by not carrying a spare wheel, weight is reduced and luggage capacity increased.

Puncture warning

Fitted as standard, the Tyre Puncture Warning System consistently monitors tyre air pressure by comparing wheel rotation speed from the ABS sensor signals.  The system immediately recognises any significant loss of pressure by a change in tyre circumference, giving the driver both visual and audible warning signals.  This happens automatically above 9mph and with a pressure loss of more than 30 per cent.

5.    Body configuration and safety

As customer expectations for improved safety, economy, comfort, performance and driving dynamics justifiably rise, weight plays an ever more critical role in the development of new models.  Only by trimming weight to the minimum wherever possible can these conflicting criteria be satisfied. 

The development of a new convertible is an even more ambitious engineering challenge.  The inherent torsional rigidity and body stiffness of a fixed-head saloon or coupé is lost when the inflexible hard-top gives way to a folding soft-top.  And the heavier the car, the greater the potential for flexing.

So, for the 645Ci Convertible, BMW designers and engineers have opened up a new chapter in the engineering lexicon entitled ‘Intelligent Lightweight Technology’.

The basis of this philosophy is that, wherever feasible, less material is used thus reducing weight.  Yet, despite using less material, components either retain or have increased strength by intelligent reinforcement.  And wherever possible, conventional materials are replaced by modern lightweight products. 

An example of this technology can be found in the 6 Series Convertible’s unique Weight-Reduced Aluminium Front End (WRAFE); significantly lighter than a conventional front end constructed largely from steel, WRAFE makes a valuable contribution to the car’s near equal front/rear weight distribution. 

Meanwhile, the 6 Series Convertible’s front wings are made of thermoplastic, which is lightweight, non-corroding and durable, resisting minor bumps better than steel or aluminium. The boot and convertible roof tonneau lids are in SMC (sheet moulding compound), a strong, but lightweight, duroplastic material.

A further advantage of these special materials is the greater flexibility and freedom it gives the designer.  The boot’s SMC outer skin, for example, is made of one single piece comprising the aerodynamic contour lip.  SMC allows concealed integration of the aerials for the audio, communication and navigation systems within the rear bootlid – an impossible feat on a conventional lid made of steel. 

Weight is also pared to the minimum on the Convertible’s rolled parts and panels.  ‘Tailored’ rolled blanks are used, with body panels specially rolled at exposed points to give precisely the right thickness for the specific loads and forces placed on them.  In the 6 Series these parts include the transverse and longitudinal supports on the seats as well as supports under the footwells.  Apart from additional weight-saving this advanced process is tailored to enhance passenger safety in a crash.

BMW’s mixture of materials is known as ‘hybrid design’ and using four materials (steel, aluminium, SMC and thermoplastic) on the bodywork is an industry first for volume production. It results in a low weight for a genuine 2+2 at 1,890kgs, (or just 1,815kgs without driver or luggage weights specified in EU standards, but including a 90 per cent full fuel tank).  Hybrid design also ensures the car is stiffer and stronger than conventional convertibles.  This stiffness is aided by specially developed load-bearing structures such as the tie bars and thrust rods, as well as double-walled sills.  As a result, the 6 Series Convertible’s vibration control is not only best-in-class, but its bodyshell ranks alongside even the most torsionally rigid two-seater roadsters.

Passive safety

The 6 Series Convertible also meets the highest passive safety standards.  The car features high load-resistant bearing structures so front and rear deformation in a crash is both progressive and very safe.  The car’s unyielding passenger cell creates a survival area essential for safety in a severe accident. 

The lightweight WRAFE frontal structure offers optimum protection in a collision with its combination of high- and ultra-high-strength steels, aluminium and thermoplastics.  For example, two extruded V-shaped aluminium bars in each door significantly reduce intrusion in a side impact.  Other features adding to the car’s stiffness are found in the windscreen frame and the A-pillars, which are made from a strengthened steel alloy.  Together with the pop-up rollbars located behind the rear seat headrests, the A-pillars and entire windscreen frame form the survival area, while high-strength steel reinforces the side frames and front side-sill extensions.

Active roll-over safety

Another objective in developing the new 6 Series Convertible was to raise the already high standard of roll-over safety achieved with the 3 Series Convertible.  The 645Ci’s roll-over safety system uses an ultra-strong, aluminium alloy module almost as wide as the car.  This features a large, transverse reinforcement bar that supports the roll-over bars and joins the rear bulkhead.  It increases body stiffness while at the same time forming the partition to the luggage compartment, reducing the usual double bulkhead to just one layer. 

Interacting with the restraint systems and the A-pillars, the safety system secures the passenger survival area in the event of a roll-over accident.  Should this occur, twin      roll-over bars are propelled upward and lock firmly into position in 180 milliseconds.

Should there be any significant, abrupt change in the car’s dynamic behaviour the roll-over bars are triggered by the Advanced Safety Electronics (ASE) system which transmits a signal to activate them as well as the seat belt tensioners.  Should the car not roll over, the bars retract to their original concealed position and belt tension is eased.

Advanced Safety Electronics (ASE)

ASE supports the individual safety components by networked airbag control.  Lightwave conductors and decentralised satellites pinpoint the exact location of impact and instantly activate only the required restraint systems.  This means that airbag deployment no longer depends on just one central control unit, rather a sensor monitoring that part of the vehicle affected.  Information from the control module and ancillary sensors is passed around the system by a ‘byteflight’ optical network, allowing much faster data transfer and reaction times than was previously possible. 

In the event of an accident, the system protects occupants in a number of ways:

· Shuts down fuel pump

· Disconnects alternator

· Automatically activates BMW Assist Emergency Call (if fitted)

· Automatically unlocks doors

· Activates interior lighting and hazard warning lights

· Disconnects the battery terminal

Seatbelt systems

All seat belts are equipped with belt force limiters while the front seats feature integrated belts and also have belt latch tensioners.  The front seat backrests are specially reinforced to transmit forces to the floor assembly while the upper belt pivot points are connected to the headrests for more precise adjustment.  This ensures optimum belt geometry and fit for occupants of all sizes.

ISOFIX

The new 645Ci Convertible has ISOFIX child seat mountings specified as standard in both rear seats.  The twin brackets are located between the rear seat backrest and base and, in conjunction with an ISOFIX child seat, provide the safest and most secure way of transporting younger members of the family.

Airbags

Both driver and front passenger have an intelligent two-stage frontal airbag.  These inflate according to the severity of the impact and so minimise the risk of injury.  The front passenger airbag is housed behind an invisible rupture line in the dashboard.

The driver and front passenger also have side airbags that reduce the risk of injury at chest and hip level in a side-on collision.  To prevent unnecessary deployment, the 6 Series is fitted with an occupancy sensor for the front passenger seat.  Only when there’s a weight of approximately 12kg or more, will that airbag be deployed. 

Adaptive Headlights

The optional Adaptive Headlights can improve visibility by up to 90 per cent.  More of the road ahead is illuminated because the headlamp units are designed to swivel by up to 15 degrees.  When the car is cornering, the lights turn to face the direction of travel rather than being fixed to a point in the distance where the car is currently pointing.  A simple analogy can be found on motorbikes where headlamps do not point in a fixed direction, but work with the handlebars, illuminating the road ahead when cornering.

Adaptive Headlights work in conjunction with the car’s standard bi-xenon headlamps (which by themselves offer brighter and broader low beam road illumination and up to 200m increased high beam range).  It uses the yaw rate and steering angle sensors to adjust headlamp projection angle.  To conform with legislation, the speed of the car is taken into account so that when stationary with the steering on full lock (e.g. when preparing to turn across oncoming traffic), the headlamps are fixed straight ahead, to avoid dazzling oncoming drivers.

Adaptive Headlights are activated when the car’s light switch is turned to Automatic (switch turned left).  They are not engaged when the lights are activated manually (switch turned right), nor should they be engaged when a right-hand-drive car is driven on the Continent, or vice-versa.

Parking Distance Control (PDC)

While the primary function of Parking Distance Control is to help drivers manoeuvring in tight spaces, it also offers an important safety benefit.

PDC uses four ultrasonic sensors in both bumpers. A clear and graded on-screen display as well as acoustic warnings alert drivers to any objects or persons in close proximity to the car while it’s moving at low speed.  The sensors at the front and the rear corners have a width range of about 50cm while the centre rear sensors have a range of about 150cm.

With PDC engaged, a plan pictogram of the car appears on the dashboard display, either automatically when selecting reverse, or manually if the PDC button is pressed at speeds below 15mph.  Proximity to objects is shown by firstly a green followed by a yellow shaded area on the plan diagram accompanied by a broken acoustic warning.  On approaching within 20cm, the shaded area turns red and the acoustic warning becomes constant.

BMW Assist

A potential life-saving function of BMW Assist is Emergency Call.  In the event of an emergency, occupants simply press a button in the roof lining to connect automatically to an emergency service call centre that, with the information supplied by the navigation system, can pinpoint the exact location of the car.

In the event of a more serious accident, airbag sensors automatically activate the Emergency Call.  This means that even if occupants are incapacitated, they can be confident that emergency services have been contacted, know where they are, and are sending assistance without delay.  (BMW Assist is specified as part of the BMW Online option and must include optional in-car telephone and Professional navigation.)





































