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MECHATRONICS IN AUTOMOBILES

ESP (Electronic stability programme)
ABSTRACT:
Now a days, technology is very accurate and advanced. But we cannot be depend only on one technology so in the word mechatronics came in existence in 1969. MECHA (nical) + (elec) TRONICS. Due to increase in population no of automobiles has increased.

Due to increase in the vehicles the no of accidents has been increased. The main cause of accident is skidding. According an international survey due to this lakhs of lives are wasted.

Therefore there are electronic systems to avoid accident. ESP is one of them and it is an active system and not of the passive type. It realizes the dangerous situation before the driver. This system controls the co-ordination of the wheels. Due to which the skidding is avoided and the risk of accident is avoided. ABS and Traction Control are another methods but, they are not effective as ESP:

ESP= (ABS + Traction Control) 2

So, in this presentation we will try to explain the aspects of ESP. as accident are biggest threat to mankind. So our slogan is:



“No Car without ESP”
APPLICATION OF MECHATRONICS CAN BE DONE IN FOLLOWING AREAS IN AN AUTOMOBILE:
1. Fuel injection MPFI

2. Braking system- ABS, ESP, PBA etc.

3. Ignition

4. Safety system- TCS, EBS, Airbags etc.

5. Comfort systems

· Due to vastness of the subject we prefer to enforce on ESP

WHAT IS MECHATRONICS ?

The term mechatronics is use to denote a rapidly developing, interdescilnary field of engineering dealing with the design of products whose function relies on the integration of mechnical and electronic components coordinated by control architecture. The primary disciplines important in the design of mechatronics system include mechanics, electronics, controls, and computer engineering.  Mechatronics system are some times refered to as smart devices.  

  Today, practically all mechanical devices include electronic components and some type of computer monitoring or control.  Therefore, the term mechatronic system encompasses a myriad of devices and system.  Increasingly , microcontrollers are embeded in electromechanical devices, creating much more flexibility and control possibillity in system design.  Examples of mechatronic systems include an aircraft flight control and nevigatiion system, automobile  electronic  fuel injictiion and antilock break systems, automated manufacturing equipement such as robot and numarically controlled (NC) machine tools, smart kitchen and home appliences such bread machines and clothes washing machines, and even toys. 

An office copy machine is a good example of a contemperary mechatronic system. It includes anologue and digital circuits, sensors, actuators, and microprocessors. The copying process works as follows: the user places an original in a loading bin and pushes a button to start the process; the original transported to the platen glass; a high intensity light source scan the original and transfers the corresponding image as a charge distribution to a drum. Next, a blank piece of paper is retrived from a loading catridge, and the image is transferred onto the paper with an electrostatic deposition of ink toner powder that is heated to bond to the paper. A sorting mechanism then optionally delievers the copy to an appropriate bin.

Analogue circuits control the lamp, heater and other power circuits in the machine. Digital curcuits control the digital displays, indicator lights, buttons, and switches forming the user interface.other digital circuits include logic curcits and micriprocessers that coordinate all of the function in the machine. Optical sensors and micro switches dectect the presence or absence of paper, its proper positioning, and whether or not door and latches are in their correct positions. Other sensors include encoders used to track motor rotation. Actuators include servo and stepper motors that load and transport the paper, turn the drum, and index the sorter.

  Figure illustrates all the components in typical mechatronics system. The actuators produce motion or cause some action; the sensors detect the state of system parameters , inputs, and outputs; digital devices control the system; conditioning and interfacing circuits provide connections between the control circuits and the input/output devices; and graphical dispalays provide visual feedback to users.

INTRODUCTION

Care safety became an issue almost immediately after the invention of the automobile, when Nicolas-Joseph Cugnot crashed his steam- powered “Fardier” against a wall in 1771. 
One of the earliest recorded automobile fatalities was Mary Ward, on august 31, 1869 in Parson town, Ireland. In the 1930’s, plastic surgeon Clarie L. Straith and physician C. J. Strickland advocated the use of seatbelts and padded dashboards. Strickland founded the Automobile Safety league of America in 1934 GM performed the first barrier Crash test. In the 1940s SAAB incorporated aircraft safety thinking into automobiles making the SAAB 92 the first production car first with a safety cage. In fact Volvo introduced the safety cage in 1944 ( while SAAB did in 1949). In 1942 Hugh De Haven published the classic Mechanical analysis of survival In falls from heights of fifty to one hundred and fifty feet. In the 1950’s Mercedes- Benz extensively crash tested prototypes. Despite technological advances, the death toll of car accidents remains high: about 40,000 people die every year in the US. While this number increases annullay in the line with rising population and increased travel, the rate per capiya and per vehicle miles travelled decreses. In 1996 the US had about 2 deaths per 10,000 motor vehicles, comparable to 1.9 in germany, 2.6 in france, and 1.5 in the UK. In 1998 there were 3,421 fatal accidents in the UK, the fewest since 1926,




Therefore in may 1996 mercedes started research on automoblle safety and found the system known ESP Electronic stability programme, which is an active system.
TYPES OF SAFETY SYSTEMS:

ACTIVE safety refers to systems in a vehicle which utilize feedback, using information about a car’s external environment to change the response of the vehicle and improve the safety of the vehicle in the pre-crash time period, or during the crash event.

PASSIVE safety refers to built-in features of the vehicles such as crumple zones, seatbelts, and airbags, which work passively to prevent injury and do not change their action in response to crash scenario or severito.
TYPES OF SAFETY SYSTEMS:

ACTIVE  safety refers to systems in a vehicle which utilize feedback, using information about a car's external environment to change the response of the vehicle and improve the safety of the vehicle in the pre-crash time period, or during the crash event.

PASSIVE safety refers to built-in features of the vehicle such as crumple zones, seatbelts, and airbags, which work passively to prevent injury and do not change their action in response to crash scenario or severity.

ESC Electronic Stability Control

Today’s electronic safety systems open up new dimensions in driving safety.

After many years of successful development, passive safety systems such as

seat belts and airbags have achieved high standards in today’s cars. Crash

avoidance technologies are now increasingly taking center stage. Electronic

Stability Control (ESC) is a key technology in this respect, and was recently

described by the U.S National Highway Traffic Safety Authority (NHTSA) as the

safety technology with the greatest life-saving potential since the introduction of

seat belts.
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The Evolution of Active Safety Systems

The Electronic Stability Control (ESC) is an active safety system for vehicles,

and was launched into the market in 1995. ESC is designed to help drivers

maintain control of their vehicles in critical situations.

All active safety systems are based on the pioneering ABS technology, which

was launched in 1978. In critical driving conditions, the wheels of a vehicle may

lock during braking, reducing the adhesion between tires and the road surface.

This may mean that the vehicle becomes uncontrollable, since the vehicle no

longer reacts to the steering input of the driver. In a vehicle equipped with ABS,

wheel-speed sensors detect the speed of rotation of the wheels and relay this

information to the ABS control unit. This calculates the degree of slip between

the wheels and the road surface and detects whether any of the wheels are

about to lock. If this is the case, the ABS intervenes to stabilize or decrease

brake pressure. In doing so, it prevents the wheels from locking and the vehicle

remains steerable, allowing the driver to avoid obstacles.

Critical driving situations can occur not only while braking, but also whenever

there is a need to transfer strong longitudinal forces to the contact area between

the tire and the ground: when starting off and accelerating, particularly on

slippery roads, on hills, and when cornering. Based on ABS technology, the

Traction Control System (TCS) was launched in 1986. By adding an enginemanagement

interface to the ABS, TCS prevents the wheels from spinning by

reducing the drive torque at each driven wheel. TCS therefore provides a logical

extension of ABS but in acceleration mode.

The Electronic Stability Control ESC integrates the functionalities of the ABS

and TCS, but has the added feature of a “yaw torque control” – a functionality

that prevents skidding. It is designed to help drivers maintain control of their

vehicles in sudden maneuvers such as rapid steering and countersteering,

sudden lane changes, and obstacle-avoidance maneuvers.

ESC is always active. 25 times a second, it compares whether the driver’s

steering input corresponds to the actual direction in which the vehicle is moving.

If the vehicle moves in a different direction – either understeering or

oversteering – ESC detects the critical situation and reacts immediately. 
To do this, it uses the vehicle’s braking system as a tool for “steering” the vehicle back

on track. Specific braking intervention is directed at individual wheels, such as

the inner rear wheel to counter understeer, or the outer front wheel during

oversteer. These selective braking interventions generate the desired

counteracting force, so that the car reacts as the driver intends. For optimum

implementation of stability objectives, ESC not only initiates braking intervention,

but can also intervene on the engine side to accelerate the driven wheels. ESC

substantially reduces the complexity of the steering process and lessens the

demands placed on the driver. ABS, TCS, and ESC were all introduced to the

market by Bosch.
PURPOSES OF ESP

THE MAIN PURPOSE IS TO AVOID SKIDDING

1. Prevent oversteer and understeer     
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2. Increase safety by providing Stability

It does this by applying the

appropriate brake(s)                                                 

ESC comprises the following components:

Hydraulic modulator unit with attached ECU

The hydraulic modulator has input and output solenoid valves for controlling the

pressure in the individual wheel brakes. The integrated ECU assumes all

electrical and electronic tasks as well as the control functions of the system.

The unit is located in the engine compartment between the brake master

cylinder and the wheel brake cylinders, so that the hydraulic lines to the brake

master cylinder and the wheel brake cylinders can be kept short.

Wheel-speed sensor

The ECU processes the signals from the wheel-speed sensors to compute the

speeds of the wheels. Two different operating principles are used: passive

(inductive) and active (Hall) speed sensors. Active sensors are becoming more

and more widespread. They use a magnetic field for the contactless detection of

wheel speed and are capable of recognizing the direction of rotation as well as

standstill.

Yaw-rate and lateral acceleration sensor

A yaw-rate sensor records all yawing movements of the vehicle around its

vertical axis. Together with the information from an integrated lateral

acceleration sensor, the status of the vehicle ("actual state") can be determined

and compared with the driver’s wishes.
Steering-angle sensor

The task of the steering-angle sensor is to measure the position of the steering

wheel by determining the steering angle. This figure, together with the vehicle

speed and desired braking pressure or position of the accelerator, is used to

calculate the driving maneuver that the driver wishes to perform (“desired

state”).
Communication with engine management

A data bus enables the ESC control unit to communicate with the engine control

unit. In this way, the engine torque can be reduced if the driver accelerates too

hard in a particular driving situation. Similarly, it can compensate for excessive

slip of the driven wheels provoked by the engine drag torque.
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Understeer Oversteer

· Vehicle does not turn as sharply as desired. The vehicle seems to “plow” straight ahead. ESP will brake the inside rear wheel.

· Vehicle turns in more sharply than desired. The rear of the vehicle swings outward. ESP will brake the outside front wheel.
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                                     Figure 1. ESC Sensores (credit: IIHS)
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                    Figure 2. Methods of controlling oversteer and understeer

UNDERSTEER:-

·  Vehicle does not turn as sharply as desired. The 
vehicle seems to “plowing” straight head. 
ESP will brake the inside rear wheel.

OVERSTEER:-

·  Vehicle turns in more sharply than desired. The rear of the vehicle swings outward. ESP will brake the outside front wheel. 

How does ESC work?

ESC has developed from other systems such as ABS (anti-lock braking system) brakes and tractioncontrol.The ABS braking systems sense when a road wheel is about to skid and adjusts the braking individually at that wheel.This technology plus extra sensors and a computerised control unit are used by Electronic Stability Control. The ESC system constantly monitors the signals it receives from the steering, the wheels and a sensor

mounted on the body of the vehicle which gives information about its direction.

The signals are processed to work out whether or not the vehicle is sliding as it negotiates a bend or corner. If the sensors detect the vehicle sliding, the control unit applies a small amount of braking force to whichever wheel is needed to stabilise the course of the vehicle. Some ESC systems also adjust the power output of the engine.

OPERATION

ESC compares the driver's intended direction in steering and braking inputs, to the vehicle's response, via lateral acceleration, rotation (yaw) and individual wheel speeds. ESC then brakes individual front or rear wheels and/or reduces excess engine power as needed to help correct understeer (plowing) or oversteer (fishtailing).
ESC also integrates all-speed traction control, which senses drive-wheel slip under acceleration and individually brakes the slipping wheel or wheels, and/or reduces excess engine power, until control is regained. ESC cannot override a car's physical limits. If a driver pushes the possibilities of the car's chassis and ESC too far, ESC cannot prevent a crash. It is a tool to help the driver maintain control. 

ESC combines anti-lock brakes, traction control and yaw control (yaw is spin around a vertical axis).                              

To grasp how it works, think of steering a canoe. If you want the canoe to turn or rotate to the right, you plant the paddle in the water on the right to provide a braking moment on the right side. The canoe pivots or rotates to the right. ESC fundamentally does the same to assist the driver. 

Steering Angle Sensor (N49)
•N80 – Steering column module

• A45 - SRS &

horn clock spring Signals the desired steering angle to ESP. ESP also recognizes cornering by monitoring input from the 2 front wheel speed sensors.
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Warning lamp flashes when ESP operates.

A

The throttle control portion of ESP can be
switched off with ESP OFF rocker switch.

This will illuminate the warning lamp continuously.
(may provide better traction in deep snow or when
show chains are mounted)
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***Our Contribution

Though the practical use of ESP is less in India we have gathered following imformation from the director of Mercedes benz Mr. Muller

1. ESP is a drivers tool and not an independent system

2. ESp may be inconvenient for the race cars

3. ESP costs about 90,000/- and further extra depending on the generation

ADVANTAGES

• Improved starting and acceleration capability

• Improved stability when:

• braking

• accelerating

• coasting

• cornering

• Shortens stopping distances in corners or on slippery surfaces

• Informs driver of slippery conditions

6 Improved Braking Stability Additional ESP system sensors provide for further enhanced braking stability.

Driving with ESP

• Warning lamp flashes when ESP operates.

• The throttle control portion of ESP can be switched off with ESP OFF rocker switch.

This will illuminate the warning lamp continuously.

(may provide better traction in deep snow or when

snow chains are mounted)

8 Understeer and Oversteer

ESP monitors the vehicle’s traction and handling, using sensors to detect wheel speed, understeer and oversteer

Effectiveness

Numerous international studies have confirmed the effectiveness of ESP in helping the driver maintain control of the car, help save lives and reduce the severity of crashes. In the fall of 2004 in the U.S., the National Highway and Traffic Safety Administration confirmed the international studies, releasing results of a field study in the U.S. of ESP effectiveness. NHTSA concluded that ESP reduces crashes by 35%. The prestigious Insurance Institute for Highway Safety (IIHS) later issued their own study that concluded the widespread application of ESP could save 7,000 lives a year. In June 2006, the IIHS updated the results of their 2004 study by stating that up to 10,000 fatal crashes could be avoided annually if all vehicles were equipped with ESP. ([1] pr061306.html) That makes ESP the greatest safety equipment development since seat belts, according to some experts. However, some people contend (backed up by the theory of risk compensation) that the perception of safety conferred by the ESP will encourage more dangerous driving, as seems to be the case with seat belts. 

Criticism

Some driving enthusiasts, most publicly motoring journalists from enthusiast magazines, object to some of the implementations of ESP. They contend that by making it impossible to explore the dynamic behaviour of their cars, overzealous ESP systems spoil much of the fun of driving. 










Consequently, some manufacturers allow drivers to disable ESP systems, and/or use ESP systems that allow greater levels of under or oversteer before it intervenes. Some even provide a setting so the user can choose whether the system will intervene earlier or later stage. Enthusiasts have also begun to modify ESP systems to suit their preferred driving styles) .

It has also been argued that ESP is being used as a "catch all" for poorly designed cars, whereby the basic mechanical handling of a car is unstable and ESP is used to fix the problem. 
Another point of critique is that in the case of very dangerous drivers, the car will be able to be pushed further (and faster) before the limits of the vehicle and ESP are reached, meaning that should the vehicle become "out of control" this will happen at higher speeds, leading to more severe crashes. 

CONCLUSIONS:

· Electronic Stability Control forms the foundation for new advances on vehicle equipment that will save additional lives and give the driver still more control over the vehicle

· The computing power of ESC facilitates the networking of active and passive safety systems on the car, creating the opportunity to address still more causes of crashes.

· The toll of accidents can be easily brought down using ESP
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