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1.
BMW Core Competence  
Chassis and Suspension: 
Fundamental Aspects 
of Supreme Driving Dynamics. 

BMW’s slogan and creed is no coincidence: Sheer Driving Pleasure is an integral concept more than ever before inherent in the development of 
every BMW. To enjoy such driving pleasure, the driver must always be in the 
middle of things, retaining full responsibility for all driving manoeuvres. 
The crucial factors are the ability to experience and calculate the car’s reactions as well as ergonomic control and operation of the car. In a nutshell, therefore, the driving experience comprises all of the car’s features and qualities.

Sheer Driving Pleasure is not a static phenomenon. Rather, this very special kind of pleasure is interpreted differently by and in each BMW – with a different interpretation in a two-seater open-air Z4 than in a luxurious 7 Series, or with a compact 3 Series Coupé offering a different interpretation than a comfortable X5.

Precisely this is why the driver of every BMW has individual, different expectations of his or her driving experience. And it is why BMW’s development engineers are convinced that one of their fundamental tasks is to offer each and every customer the right kind of appropriate experience 
under all driving conditions: during the day and at night, in rain or sunshine, 
in dense traffic or on an open country road, in each case with the driver’s impression varying significantly. 

Since conventional development strategies reach their limits when facing such diverse challenges, BMW’s paradigm shift in chassis and suspension development is to make the significant change from driving mechanics to the real driving experience.

1.1
From the development of driving mechanics to the development of a complete driving experience.

The usual approach even today in developing the chassis and suspension of a car is to focus solely on the components hidden beneath the body. 
But systems created in this way are largely isolated and self-sufficient, 
with only a few or no interfaces leading to the outside.

BMW Chassis Development, by contrast, has grown over the years into the development of a genuine driving experience: The BMW engineer 
focuses on everything that contributes to giving the driver and occupants an even safer and more superior perception of the car and driving conditions. 
This automatically leads to a holistic focus on the car’s components, forming a highly integrated and complex system with numerous interfaces. 
BMW’s mission in the process is to offer superior driving dynamics for a driving experience destined to thrill all your senses. 

1.2
BMW driving dynamics: 
thrilling and safe. 

To be specific, this means that the driver of a BMW must experience the driving dynamics of his car time and again as a fascinating, attractive 
and desirable asset. After all, it is no coincidence that BMW is acknowledged as the benchmark for driving dynamics.

The formula behind this superiority is the authentic and BMW like harmony 
of each car’s concept offering a perfect balance of sportiness and 
comfort. Precisely this is what creates superior driving qualities characterised by effortless handling and tantamount to exemplary Active Safety.

This enables the driver to experience driving dynamics with optimum control and driving stability. Control and management systems help him avoid accident-prone situations or reduce the consequences of an accident to a minimum. But even without such a system a BMW is easy to handle and control, and at the same time BMW, through the EfficientDynamics 
initiative, seeks to achieve maximum driving dynamics on minimum energy.

The key which makes these visions and targets reality is competence in integration: Applying the right kind of concept, design and construction, 
a manufacturer can achieve more than “just” the sum of all individual features.

1.3
Characteristic: 
the “DNA” of a BMW.

The first point considered in developing a new BMW is to give the car the dynamic character so typical of the brand. This character, in turn, is based on the car’s “DNA” determined in and through the basic concept: 
The weight of the car and its axle distribution, the wheelbase and track, 
the centre of gravity and aerodynamics – and, as the car’s “backbone” – 
the stiffness of the body. All of these factors influence a car’s driving dynamics.

1.4
Drive concept: 
the focus remains on standard drive.

Over and above this basic concept, the next question is what drive technology is appropriate for the BMW being created. And there can be no doubt about it: Standard drive through the rear wheels is and remains the foundation for all 
of BMW’s core models. This drive concept tailored to BMW secures the future of BMW’s leadership in driving dynamics.

All-wheel drive, in turn, is ideal for the customer with increased need for traction. xDrive combines driving dynamics with the traction benefits of all-wheel drive. And ongoing development of xDrive will consistently enhance these driving dynamics typical of the brand to an even higher standard.

1.5
Giving each BMW its authentic character: the basic chassis. 

The next step is to conceive and configure the “basic” chassis providing the desired balance of sportiness, comfort, and safety and giving the driver extremely precise driving behaviour, exceptionally good handling, and a high standard of roll comfort: The driver feels the road, but he does not perceive 
it as unpleasant.

The interface between the chassis and the body must reflect the respective character of the car, but always maintain a clear focus on driving dynamics. The engineer’s job is therefore to achieve optimum harmony of lift, roll and dive motions, that is body movements in a vertical, lengthwise and lateral direction. This creates the authentic character of each BMW model meeting the demands of motorists the world over in terms of driving dynamics, comfort, and safety.

1.6
Keeping in touch with the road: 
the tyres.

Only the right choice of tyres ensures that the sportiness, comfort and active safety of the car are properly conveyed to the road at all times and under all conditions. Precisely this is why BMW focuses increasingly on puncture-proof runflat tyres with reinforced side walls for safe motoring even when the tyre 
is flat.

Through its special structure, a runflat tyre even enhances the car’s agility 
and driving dynamics, while increasing both safety and comfort significantly in the event of a puncture: Even after tyre damage, the driver can still go 
on approximately 150 kilometres or 90 miles at a speed of up to 80 km/h or 
50 mph. And he remains in control of his car even under a sudden loss of 
tyre pressure.

With tyre damage involving a gradual loss of pressure, the distance the driver is still able to cover is often several times the distance just mentioned. 
A further advantage is that the driver is no longer required to change the tyre next to the road, that is on the shoulder next to a motorway in a truly risky situation. And maintaining a minimum standard of mobility also in the dark and at all locations is appreciated as a particularly significant security factor.

1.7
Fuel-efficient and ultra-precise: 
Electric Power Steering.

Precise steering behaviour is just as elementary to safety and perfect handling, that is to the car’s spontaneous and exact response to the driver’s commands. Precision, in turn, calls for tangible feedback and adequate return forces on the steering wheel, giving the driver a direct feeling for road and driving conditions.

This principle applies to hydraulic power steering still to be found on most cars today, and to new steering systems with electromechanical power assistance. For both of these systems are designed to give the driver crucial feedback from the road while suppressing undesired disturbance.

BMW is focusing increasingly on electromechanical steering systems 
even more sensitive and precise in their adjustment and at the same time consuming less energy. Again, an important contribution to 
BMW EfficientDynamics.

2.
Developing new potentials: 
chassis control systems.

BMW’s consistent process of chassis and suspension development covers all details: Each and every chassis component between the driver and the road is carefully set up to provide an authentic driving experience matching the car itself. Hence, the classic BMW chassis uses the full potential of Active Safety in the balance of sportiness and comfort.

Since electronically masterminded control systems are able to further enhance this range of qualities, BMW uses such systems for precisely this purpose, active chassis and suspension management enhancing the strengths of a BMW to an even higher standard. For the driver this means even more personalised Sheer Driving Pleasure offered by a varying range of chassis concepts.

Looking at the interaction of the dampers and rollbars, BMW’s engineers use steel springs on the front and rear axle of the “basic” chassis. The only exception is on cars requiring high load level compensation on the rear axle, where air suspension provides the necessary levelling effect. 

While air suspension on both axles would be conceivable for adjusting ride height on cars with specific offroad qualities, the use of such a system improving dynamic driving qualities for example by lowering the body at higher speeds would not reflect the specific wishes and requirements of the 
BMW customer.

Similarly, the superior dynamics expected of a BMW could not be provided by air suspension both front and rear with its soft spring characteristics. 
So the principle always maintained is to offer precise feedback and a good 
feel for the road without any adverse effects.

2.1
Adjustable driving comfort: dampers with individual control.  

To enhance the experience of well-balanced driving dynamics – that is sportiness and comfort in one – BMW has taken its own approach emulated by numerous competitors in the meantime: Looking at the interaction of springs and dampers, BMW’s chassis specialists have identified adjustable dampers as the main means to enhance both motoring comfort and 
driving dynamics. 

The overall potential of an adaptive damper system in terms of its functions and rate of reaction is far greater than the potentials of conventional suspension control concepts. Precisely this why BMW as the forerunner introduced active damper adjustment in series production no less 
than 20 years ago, consistently enhancing this technology over the years.

2.2
Upgraded driving dynamics: 
fully controlled body roll. 

As the logical supplement to the active damper system, BMW’s engineers have developed BMW DynamicDrive anti-roll stability. Again, the efficiency of this concept depends directly on the “DNA” of a car, for example its high 
body stiffness – it takes a stable foundation to effectively set off side sway of the body and significantly enhance the car’s agility. 

The significant reduction of the body’s “copy” effect achieved in this way also means a higher standard of driving comfort: Should the car, while driving 
in a straight line, cross over an obstacle with only one wheel, a rollbar set too “softly” will give way more and will not convey its upward spring travel to 
the other side of the axle.

This disengagement of the two wheels on an axle opens up greater freedom for an even more comfortable set-up of the suspension, without restricting the car’s driving dynamics.

2.3
Optimum synthesis 
of sportiness and comfort: 
AdaptiveDrive. 

BMW’s current high-end suspension bearing the name “AdaptiveDrive” is 
the combination of both active chassis control systems: AdaptiveDrive stands for the synthesis of maximum driving dynamics and supreme comfort, determining the input signals required and, on this basis, calculating the commands for the actuators in the rollbars and the electromagnetic 
valves in the dampers. Together, both of these units, through a very fast reaction, serve to prevent, say, side sway of the body building up as 
a result of driving conditions.

2.4
Active Safety with freedom 
of choice: 
Dynamic Stability Control. 
The convincing driving experience in a BMW becomes clear in all driving situations, even on difficult road surfaces. Precisely this is why the 
basic configuration and set-up of every BMW is optimised consistently for Active Safety, with intelligent control systems again serving to enhance 
the potentials available. 

The control system to be considered in this case is DSC Dynamic Stability Control serving to stabilise the car when driving to the limit while retaining the driving dynamics so typical of a BMW.

DSC is automatically activated every time the driver starts the engine, 
and may then be varied in its intervention individually by the driver at the touch of a button. This gives him freedom of choice in choosing his own particular standard of stability, agility, and steering control.

In its basic mode, DSC prevents the car from swerving out of control especially on slippery roads, for example in an abrupt manoeuvre, by applying the 
brakes specifically on individual wheels. And briefly pressing the DTC button, the driver is able to switch over to the traction-oriented DTC Dynamic Traction Control mode, raising the threshold for intervention by the brakes. 
This allows slight slip on the drive wheels, enabling the driver to take bends in a controlled power slide.

A further feature of DTC is that it provides improved traction when setting off 
in specific situations. This particular feature of the DTC mode is then cut back successively to the DSC mode once the car reaches the medium speed range, allowing the skilled driver to handle the car in sporting style without completely foregoing the extra safety provided by DSC with its stabilising effect. And here again, he has freedom of choice: All he has to do is press the DTC button somewhat longer to deactivate the car’s driving stability systems with the exception of ABS and, in more recent models, the differential lock function.

BMW has taken new approaches to ensure perfect steering harmony also with all-wheel drive:

In the ongoing evolution of DSC Dynamic Stability Control, BMW has developed two new functions to series production standard, ensuring even smoother and more harmonious transmission of power in a bend. 

The result is even smoother transmission of engine power and torque in bends. Indeed, even in the ongoing series production of the BMW 5 Series with xDrive, smooth and perfectly dosed application of the brakes provides an equally smooth balance of torque, preventing understeer right from the start, as soon as the DSC sensors detect a tendency to understeer. 

To prevent the car from “pushing” excessively out of a bend over its front wheels, the system applies the brakes slightly on the inner rear wheel, at the same time limiting the power developed by the engine to roughly the same level as applied by the brakes in holding back the car.

As a result, the car remains even more safely in a bend, without the driver sensing any restriction of driving dynamics.

A typical case of this kind is driving on a mountain pass with snowbound serpentine bends: The car is able to take bends smoothly and precisely, without requiring the driver to intervene in the steering and without interrupting the engine’s pulling force.

This function is active in all three DSC modes.

2.5
Optimum directional stability ensured by the variation of drive forces: 
Dynamic Performance Control.
BMW’s new Dynamic Performance Control opens up a new dimension in 
the distribution of drive forces, feeding the power of the engine specifically as required at all times to the two drive wheels at the rear. 

In creating this new development, BMW’s drivetrain and chassis specialists have added two supplementary transmissions to the conventional final drive, with these planetary gearsets being integrated in the flow of power whenever required by way of multiple-plate gear packages. So regardless of the drive power currently provided by the engine, Dynamic Performance Control is able to actively build up a difference in torque between the left and right rear wheel of up to 1,800 Newton-metres. 

2.6
Steering by longitudinal forces: specific asymmetric torque distribution.

This technical feature acts virtually like DSC “the other way round”: Instead of applying the brakes on individual wheels in the interest of greater stability, asymmetric torque distribution feeds torque specifically to individual wheels.

Whenever the driver presses down the accelerator hard in a bend, the power developed in this way is spread out perfectly between the two drive wheels as a function of the steering lock. Hence, the phenomenon of the inner wheel in a bend spinning, tantamount to a loss of traction, is now a thing of the past.

A further point is that more torque is fed to the outer wheel, asymmetric torque distribution thus enabling Dynamic Performance Control to initiate yaw forces making the car follow the driver’s commands more directly and with greater stability. This is the case both when giving gas and taking back the accelerator.

Through the enhanced steering precision, good steering response and superior directional stability provided in this way, the car is safer and easier to control particularly in a critical situation. A further point is that DSC Dynamic Stability Control is not required to cut in that often.

The advantages of the new system are clear to all drivers right from the start, with Dynamic Performance Control reducing the steering effort required. 

A particular advantage is that extra directional stability and enhanced driving safety are ensured by this technology throughout the entire speed range. 
And last but not least Dynamic Performance Control significantly enhances traction also on roads with varying surface grip. 

2.7
Networked control 
systems for greater function 
and individual style: 
Integrated Chassis Management.

The active control systems in a BMW already interact as a team, albeit largely independent of one another. In the near future, however, the innovative architecture of Integrated Chassis Management (ICM) will take on the function of an overriding control unit, opening up new potentials in driving dynamics.

Serving as the central control system, ICM connects all individual information and data available in the car and passes on this information to individual systems further downstream. Comprehen-sive analysis of driving conditions based on a wide range of information allows ICM to determine which 
kinds of intervention are most appropriate in which situation, thus ensuring a perfect balance of the driver’s commands and the car’s response. 
The instructions required for this purpose are conveyed to the individual systems and implemented on the spot.

Networking the various systems by ICM will provide new functions in future only made possible by the integration of several control systems and 
their interaction. As an example, BMW’s innovative Dynamic Performance Control interacts closely with Dynamic Stability Control, Active Steering 
and DynamicDrive.

The future structure of ICM will allow the BMW driver to enjoy all the functional benefits of Dynamic Performance Control.

Two further examples: Combined intervention in the steering and the brakes 
is able to ensure even shorter stopping distances and even more stable driving safety when applying the brakes on a surface slippery on only one side. 
The second example is that shifting the distribution of roll forces to the front axle in a bend serves to enhance traction to a higher level.

2.8
Synergy effect: 
perfect behaviour in a bend.

The typical course of a vehicle in a bend clearly demonstrates the 
interaction of individual systems within Integrated Chassis Management: 

–
When steering into a bend, a smooth build-up of steering lock and the appropriate feedback of steering forces as well as steering momentum generated by Dynamic Performance Control turning the car into the bend where necessary are crucial to dynamic driving behaviour.

–
Continuing round the bend, the distribution of roll forces by DynamicDrive as well as the momentum developed by Dynamic Performance Control are crucial to the car’s steering behaviour. The combination of these 
systems ensures unparalleled, neutral driving behaviour all the way to the extreme limit.

–
Slight oversteer – caused, for example, by varying grip on the road surface – 
is set off by taking back the turning effect of Dynamic Performance Control and DynamicDrive. Correction of the steering lock by way of Active Steering significantly increases this effect, with intervention in the brakes by DSC only being required when there is a greater need for extra 
stability. As a result, the car is extremely agile and at the same time very stable, offering a truly new experience.

3.
Summary: 
The paradigm shift in BMW chassis development: 
from driving mechanics to a genuine driving experience.

The “basic” chassis and suspension on a BMW stands out through 
perfect harmony with each vehicle concept and offers an optimum balance 
of sportiness and comfort.

Every BMW has its own authentic character, offering the best combination of driving dynamics, comfort and safety.

BMW has implemented the principle of “precise feedback and connection to the road without any negative effects”.

Scaling the various control function all the way to Dynamic Performance Control ensures perfect smoothness in the driving behaviour of an all-wheel-drive vehicle.

The innovative architecture of Integrated Chassis Management (ICM) will assume the function of an overriding control unit in the near future. 
To ensure optimum driving dynamics and supreme comfort, BMW will consistently implement its competence in the integration of functions, ultimately providing more than the sum of all individual features. 

Controlled damper systems, if necessary in combination with active stability control, are the key to maximum comfort on the road.

The enhanced qualities of DSC with the option to distinguish between several operating modes fulfils the customer’s expectations in terms of driving dynamics and motoring safety.

Growing use of electromechanical steering systems makes a further contribution to BMW EfficientDynamics.

Ultimately, this makes BMW’s mission to offer supreme driving dynamics in a driving experience which thrills all your senses reality once and for all.





































