

3.   New seven-speed transmission

Ultra-fast shifting with Sequential M Gearbox

A superlative engine needs a superlative transmission in order to showcase its abilities.  The seven speed sequential M gearbox (SMG III) is exactly the right gearbox for the BMW M5’s new V10 engine.  BMW is the first and only manufacturer to offer a seven speed sequential gearbox with Drivelogic.

This gearbox is not an expanded version of the previous car’s six speeder: it is completely new and was designed to handle torque of up to 550Nm and engine speeds of up to 8,500rpm giving sufficient reserves to provide reliable service throughout the M’s entire lifecycle.

It’s all about thrust

Seven speeds offer closer ratios than six – in other words there are smaller steps between each gear.  This allows reduced torque and power drops as each higher gear is selected.  The transmission therefore matches the torque to the prodigious power output and translates it into optimum forward thrust – thrust being closely related to high engine speeds.

This combined with a short overall transmission ratio explains the amazing acceleration of the new M5.

Changing gear is a sublime pleasure with SMG

The seven speed SMG is a true manual gearbox but the changes are handled by super-fast electronic programmes.  Gears can be changed using the gear lever – forward to change down, backwards to change up – or by using the paddles behind the steering wheel.  There is no clutch to press and SMG efficiently matches engine speed, even in the case of full throttle upchanges.  SMG offers all the benefits of a manual gearbox – engine braking and lower fuel consumption for example – and does not require the energy-sapping torque converter of an automatic.

How it works

Gears are shifted electro-hydraulically using shift-by-wire technology, a product of the aerospace industry.  This new third generation SMG system has the hydraulic unit and actuators integrated into the gearbox casing.  When a change is called for the control unit actuates magnetic valves controlling the system’s hydraulics.

The hydraulic oil, operating under 90 bar pressure, flows via a magnetic valve into the clutch master cylinder to open the clutch.  Then, using solenoid valves, four hydraulic cylinders in the actuator are switched effecting the gear change process by means of four rods.  When shifting down the engine and transmission double de-clutches automatically, including giving a throttle blip.

Warp speed changes ….. smoothly

The second generation SMG system featured in the current M3 is already a very effective and fast shifting system.  The new seven-speed SMG is, however, 20 per cent quicker.

To put this into perspective the new gearbox changes gear in 50 milliseconds.  Compare this to even a seasoned driver using a normal manual gearbox who will take around half a second.

This speed also reduces the jerkiness sometimes felt in earlier systems because the forward thrust is so seamless.  It is also safer.  Not having to concentrate on matching engine speed to gear changing allows more driver focus on the road, while enthusiastic down changes at overly high engine revs are an impossibility with the SMG system watching over the driver.  The driver is also informed of optimal up-change points when the rev band in the HUD flashes.  HUD additionally shows the gear in mesh, a tachometer graphic and road speed.

Drivelogic – a gearbox of many possibilities

An essential feature of the new seven-speed SMG system is Drivelogic.  This function offers no less than eleven gear change options that are determined by the driver.  Each programme differs from the others in gear change time – the higher the programme selected the shorter are the shift times.

There are six manual gear change programmes in S mode and five in automated or D mode.  These are selected using a button beside the gear lever or a preferred mode can be permanently programmed via MDrive Manager and then simply activated by pressing the MDrive button on the multi-function steering wheel (see body section).

Automatic mode

Each of the five automatic programmes will change gears up and down according to the driving situation, car speed and throttle position.  For example, with D1 programme selected the gearbox sets off in second gear and ensures delicate smooth clutch engagement.

The driver can influence this process by, for example, releasing the throttle to encourage an up-shift.  Alternatively, pushing the accelerator hard calls up a down change.

Launch control

The whole idea of a sequential manual gearbox comes from motor sport.  Fast, accurate and foolproof changes ensure the best progress from start lights to chequered flag.

So, as an indulgence, BMW M engineers have included launch control within the new SMG gearbox – a system very similar to that which we see at the start of each Grand Prix.  The system is honed to ensure that the rear wheels transmit the maximum power to the road without spinning excessively.  In other words it provides the absolute optimum in straight-line acceleration.

Launch control is activated by first switching off DSC and then selecting the ‘S6’ manual gear change mode. The driver then needs to push and hold the centre gear lever forward and depress the accelerator pedal fully. When the optimum engine speed for take-off is established by releasing the gear lever the SMG system takes over. By keeping the accelerator pedal fully depressed the car rapidly accelerates with the gearbox continuing to up-shift and go on to the car’s maximum speed.

Launch control is not a function for regular use on the public roads but on a track it is a lot of fun and perfect for the quick get away.

Oh …. and three more bonuses with SMG

For safety and comfort, the new SMG transmission offers a hill start assistant that almost completely eradicates roll back when stopping on a gradient.  Application of the footbrake activates the system that then holds the car when the brake is released and before the throttle is re-applied.

Hill recognition allows SMG to change gear change points on gradients and descents.  It holds lower gears for longer when going downhill to make use of engine braking.  Going uphill the system prevents gear ‘hunting’.  In ‘D’ automated mode gear selection is adjusted to the steepness of the gradient.

Finally, if the system detects wheel slip it controls clutch operation to stabilise the M5 in the event of high drag torque on the rear axle.

These many functions of the new system are possible because the SMG control unit and the engine management system communicate with each other in a very powerful CAN databus.  The SMG system receives data from the sophisticated MS S65 engine management system on the accelerator position, wheel and engine speed, temperatures, steering angle and key memory.  SMG and DSC also communicate directly with one another.

4.   A chassis from heaven

Agility and poise to complement the 
M5’s performance

One of the guiding principles when designing an M car is that the suspension must always be ‘faster’ than the engine.  With such a high performance engine this presented the engineers at BMW M GmbH with a considerable challenge … but one to which they rose admirably.

These engineers did have a head start, of course.  The chassis of the 5 Series Saloon is widely recognised as the most able in the executive segment.  The high torsional rigidity of the bodyshell, well-balanced 50:50 front/rear weight distribution, long wheelbase, wide track, aluminium suspension components and, of course, rear wheel drive all coalesce into a fine springboard.

If you start with a pearl it’s not too difficult to end up with a diamond.  This is how they did it.

Front and rear suspension

The familiar BMW double joint strut front axle is made largely of aluminium to reduce unsprung weight and deliver both poised handling and a smooth ride.  The front axle subframe is reinforced for the M5 with a special thrust plate.  This features NACA air intakes (used in aeroplanes and racing cars to reduce drag) to direct cooling air to the gearbox without adversely affecting under body aerodynamics.

This aluminium thrust plate ensures maximum lateral stiffness for the subframe that aids precise, responsive handling.  Bearings on the subframe ensure accurate wheel guidance due to the use of separate bearings for suspension and dampers.

The rear axle, which is also made almost entirely of aluminium, is based on the integral axle of the 7 and 5 Series.  It was adapted for the needs of the M5’s higher demands by fitting additional supports, links and joints to optimise the elastokinematics.

For example, rigid links have replaced rubber joints to ensure even more accurate guidance and centring of the wheels.

The M5’s final drive has been substantially modified to keep weight down and convey the huge power potential to the rear wheels.  Cooling fins on the aluminium differential case have enabled the engineers to reduce rear axle temperatures by 15°C.  The final drive is connected to the seven speed SMG gearbox via a two-piece cardan shaft featuring a Hardy disc at the front, a constant velocity joint at the rear and a central bearing.

The drive shafts are lightweight and have a torsionally stiff tubular design to keep moving masses as low as possible.

Steering

The power-assisted steering is controlled by Servotronic mapping.  This means that the assistance is related to both road- and engine-speed, thereby resolving the problem of obtaining a balance between the need for light steering at parking speeds and more ‘feel’ at speed.

The M5 features two different Servotronic maps that relate to the prevailing EDC (Electronic Damper Control) mode.  In the sporty EDC mode steering is very direct giving the driver an immediate precise response.  The comfort mode has a higher ratio for an easier, more comfortable steering reaction.

The variable M differential lock

Like the M3, the M5 features a differential with a variable, torque-sensing differential lock developed by M GmbH.  This provides the vehicle with a high level of driving stability and optimal traction, especially when driving out of bends.

Unlike a normal limited slip differential with a 25 or 50 per cent locking capability, the variable M differential lock can, in extreme conditions, provide up to 100 per cent locking.  This means that when one of the rear wheels loses traction on a more slippery part of the road, or when the inside wheel spins on very tight bends, the M5’s differential will ensure that the drive shafts send the correct amount of drive to the wheel that can transmit it to the road.

The system works by either driven rear wheel threatening to lose traction that, in turn, generates pressure in an integrated shear pump.  This pressure is transferred to a multiple-disc clutch via a piston.  In this way drive forces are directed to the wheel with better grip as determined by the difference in rotational speed of the wheels.  When the difference in rotational speed decreases the locking action diminishes.

The advantages of the variable M differential lock are:

· 0-100 per cent drive force can be delivered to either driven wheel.

· On snow, gravel or ice a conventional torque-sensing differential does not offer enough flexibility.  The variable M differential provides a substantial advantage when the driven wheels are subject to greatly varying coefficients of friction.

· When combined with a finely tuned DSC system and the 50/50 M5 weight distribution, this differential lock helps the M5 to excel in very slippery conditions.

· The system delivers rewarding handling on roads with average to high frictional coefficients.

· It combines safety, stability and driving pleasure.

Only on the M5:  DSC with two dynamic programmes

A new generation of Dynamic Stability Control was developed exclusively for the new BMW M5.  Although DSC can be switched off completely, it has two-stage programming.  The first corresponds to that of the normal 5 Series while the second – the MDynamic mode – will appeal to the sport-oriented driver.  The desired programme is pre-selected using the MDrive menu and can be called up by pressing the MDrive button on the steering wheel.

MDynamic mode (MDM)

MDynamic Mode allows the M5 driver to push the car to the absolute limit in a corner at the touch of a button on the centre console.  In this mode DSC is not activated until the absolute limits of adhesion have been reached.  This means that the M5 can reach almost any slip angle the driver wants before cutting in to save the day.  Understandably, it should not be used on the public road.

The driver is informed of MDynamic mode by the illumination of a light on the driver’s instrument cluster marked ‘MDM’.  Switching DSC off altogether also activates another warning light.

Nürburgring

Extensively tested on the ‘Nordschliefe’ at the Nürburgring the new M5 can lap this most tortuous circuit in under 8 minutes 15 seconds.

EDC – from sportingly firm to comfortable

The M5’s Electronic Damper Control (EDC) allows the driver to adjust the suspension’s characteristics from sportingly firm to a softer and more comfortable setting.  Three settings are available – Comfort, Normal and Sport – and changes can be made via the MDrive Manager and subsequent use of the MDrive button on the steering wheel or by activating the EDC switch next to the gear lever.

EDC is a continuous and infinitely variable electronic damper control.  In ‘Normal’ mode the damping is automatically adjusted to achieve the optimum balance between Comfort and Sport.  In ‘Sport’ mode the damping is firmer and employs higher damping forces, thereby reducing lift.  In ‘Comfort’ mode EDC produces lower damping forces in favour of greater ride comfort.

EDC facilitates an improvement in body control (roll and sway) that provides a greater element of safety.

Brakes

With such prodigious levels of performance and such sublime handling, the penultimate mechanical element in the equation is the brakes.  Here, too, the new BMW M5 has something special to offer.

Drilled, compound brake discs are standard equipment all round.  At the front the discs are 374mm x 36mm while at the rear 370mm x 24mm units are fitted.  The perforations in the discs are the result of stringent testing and motor sport experience.

Low weight, aluminium twin-piston sliding callipers substantially reduce unsprung weight and make a further contribution towards agility, safety and motoring comfort.

Whether it is wet or dry the M5 provides powerful and dependable braking properties.  These are only matched by the most accomplished sports cars.  When the brakes are applied at 62mph the M5 is stationary after just 36 metres.  From 124mph the braking distance is less than 140 metres.

The brakes, too, feature an on-board diagnostic system for pad wear.  A sensor measures wear at specific points and transmits the values to the DSC system.  The system then evaluates driving style and pad condition to determine how many miles to go before the pads need changing.  The information is used by the Condition-Based Servicing module to determine adequate service intervals and to inform the driver in plenty of time before a trip to the dealer is required. 

Wheels and tyres

The final link between the M5 and the road is the wheel and tyre combination.  To accommodate the huge brake discs the M5 is equipped with 19-inch diameter cast alloy wheels of unique design.  These are 8.5 inches wide at the front and 9.5 inches at the rear.

These beautiful wheels are shod with tyres specially developed for the new M5.  The compound and dimensions were designed for precise transfer of lateral and longitudinal forces in both wet and dry and offer an amazingly high degree of comfort.  They are also ‘tuned’ to provide valuable driver feedback so that one can ‘feel’ the limits approaching.

The tyre sizes are 255/40 ZR19 at the front and 285/35 ZR19 at the rear.

Tyre Defect Indicator

Since there is no spare wheel and tyre, the M5 is equipped with a Tyre Defect Indicator (TDI) and a second generation M Mobility System (MMS).  

The warning system provides visual and aural warnings as soon as a tyre’s pressure falls below a certain critical value.  Due to the geometry of the rims, even a completely deflated tyre will not jump off the rim, so the M5 can be brought safely to a halt.

The MMS has been used on M models since the M Roadster and has proved its value time and again.  It uses a sealant that can seal holes of up to six millimetres in length thereby enabling the car to be taken to the nearest garage.  The system can repair almost any type of puncture without having to change the wheel on the spot.

Consequently there is no need for a spare that results in a weight saving of more than 20kgs and brings the attendant benefit of power to weight ratio and driving dynamics.





































