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 Preface

 

 

 


The purpose of this book is to provide an understanding of electronics at a level that is appropriate to the needs of vehicle technicians who are likely to be involved in the maintenance and repair of vehicles equipped with electronically controlled systems. This means just about every vehicle technician, because electronics has featured as a significant part of vehicle technology for many years and the electronics content of vehicles is set to increase for the foreseeable future.

Used vehicles which are long out of warranty need maintenance and repair and vehicle technicians in many different work situations will be faced with electronic fault diagnosis and repair because owners may wish to have their vehicle repaired at their local independent garage rather than having to take it to the nearest franchised garage.

Most of the electronics which are to be found on modern vehicles are there to act in some controlling function as part of a system, and the vehicle itself is an assemblage of systems. This means that virtually all vehicle electronic systems have a corm-non basic structure. That is to say, they consist of sensors, actuators, interconnecting circuits and a control unit. An understanding of this idea is helpful when attempting to select a strategy for faultfinding and maintenance.

Even at this stage (1998) electronics forms a minority part of a vehicle, and predictions (as shown in Figure P.1) suggest that the proportion of a vehicle that is electronic is not likely to grow disproportionately in the remainder of this century.

Experience indicates that vehicle technicians can perform accurate diagnosis and repair of vehicle electronic systems when they have only fairly basic knowledge of electronics; this book aims to provide most of that basic knowledge.

The descriptions in this book attempt to avoid the mathematics associated with the study of electronics. Ideally, some of the principles that are referred to, such as switching, and amplification properties of transistors, would be examined by setting up circuits and measuring the effects of certain inputs, etc., on the outputs of the circuit. Those readers who wish to study electronics in greater depth are advised to take a course of study of practical electronics. Those who are unable to attend a course might wish to consider studying at home: publications that will be of assistance in this respect are: Automotive Electrical Maintenance, by Stewart Robinson; Automobile Electrical & Electronic Systems, by Tom Denton; and Elementary Electronics, by Mel Sladdin and Alan Johnson, all published by Hodder Headline (Arnold).


[image: figP_1_B.tif]
Fig. P.1 Probable growth trend in amount of electronics on a motor vehicle


Vehicle manufacturers offer comprehensive training on their electronic products, and it is essential that use is made of such facilities at every opportunity. It is hoped that this book will assist in improving the basic knowledge of technicians who wish to further their knowledge prior to taking advantage of manufacturers’ courses.

Allan Bonnick
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1
Structure of the vehicle system





 

 

 


Before getting involved with electronics, it is helpful to remember that much of a motor vehicle remains fundamentally unchanged. For example, engines have pistons and poppet valves, brakes have drums or discs, suspension systems have springs, of some sort, and gearboxes have spur gears or epi-cyclic gear trains - as did the model T Ford.


Traditional and electronic skills required

Much of the work that technicians perform is therefore traditional, i.e. checking brake pads and discs for wear, routine servicing such as oil and filter changes, etc. Failure of a petrol engine to start on a wet morning is just as likely to be due to damp leads as ever it was. A persistent misfire may well be due to a spark plug failure, or loss of compression arising from a burnt valve, or some other mechanical failure. Just because a vehicle is fitted with a number of electronic devices does not mean that one should immediately suspect them, or assume that because they are there nothing can be done to remedy a problem.

Figure 1.1 shows part of a list of service tasks for a fairly modern vehicle; it also shows the ‘traditional’ nature of the work that has to be done. If a technician does this work properly, i.e. safely, methodically and thoroughly, with proper checks being performed at appropriate stages, then he/she already possesses some of the important attributes needed for effective work on electronically controlled systems.

It is also important to remember that there are well over 20 million vehicles on the road in Britain, and that the average life of a vehicle is estimated at 10 years. Older vehicles generally require more repairs than newer ones, which means that there will probably be quite a bit of repair work to be done in the future. Much of this repair work is likely to be on systems that have an electronics element and it is important for vehicle repairers to be able to deal with this aspect, as well as the ‘traditional’ aspects. This means that a mechanic needs to have good all-round ‘traditional’ skills backed up by the skills necessary to cope with the ‘electronic’ aspect. Throughout this text, the intention is to show that the ‘average’ well-motivated conventional mechanic is quite capable of acquiring the ability to deal with the electronic element of vehicle repair and maintenance.


[image: fig1_1_B.tif]
Fig. 1.1 A section of a job sheet


It is tempting to believe that the problem of electronics can be ‘got round’ by employing an electronics specialist. This might just about be feasible in a very large workshop, but for the majority of garages it is unlikely to be commercially viable. So it falls to the vehicle technician to extend her/his range of skills to encompass electronics and thus be competent to tackle the full range of service and repair operations required by motorists and vehicle operators. Knowledge of electronics alone, in isolation from the other skills that a vehicle technician needs in order to perform routine work, is not sufficient because very often the failure of an electronically controlled system is not due to the electronics but to some aspect of the conventional vehicle technology, e.g. anti-lock brakes playing up because of a wheel-bearing failure.

It is important to keep this in mind because the competent vehicle technician needs a platform of traditional skills to perform the bulk of his work. In order to cope with modern vehicle systems, however, these traditional skills need enlarging to encompass the electronics that are to be found on current and future vehicles.

Electronic systems contain elements in common and, in the first instance, I think it useful to review some of the systems currently in use on vehicles as this will serve to show what these ‘elements in common’ are.



Petrol injection systems

When dealing with vehicle technology it is common practice to start with the engine; so for this review of electronic systems I shall start with a petrol injection system. The petrol injection system shown in Figure 1.2 is of the multi-point type: that is to say, there is a separate injector for each cylinder of the engine. Petrol injection is widely used, in conjunction with an exhaust catalyst, to provide effective control of exhaust emissions.

At this stage I want to draw your attention to some specific parts of Figure 1.2. Note the inlet valve, above the piston. Just above the inlet valve, and to the right, is a fuel injector. This injector is operated by electro-magnetism in accordance with electrical pulses which are transmitted by the ECU (electronic control unit). The black line with the arrow on it is the cable (wire) that carries the electric current. The injector could be described as an actuator. To the left of the piston is the water jacket and there you will see the coolant temperature sensor. Here the black line, with the arrow pointing to the electronic control unit (ECU), carries the electrical signal that represents temperature to the ECU. The air-flow meter is another sensor.

The ECU is central to the operation of the system because it is here that the computing capacity is held, which enables the system to function.

This brief examination of the fuel injection system shows that it has four basic elements:

• actuators (injectors)

• sensors

• cables (connecting the elements together)

• electronic control unit


[image: fig1_2_B.tif]
Fig. 1.2 An engine management system




Anti-lock brakes

Now let us take a brief look at another commonly used system – anti-lock brakes (ABS). ABS is used to provide enhanced braking in difficult driving conditions. Figure 1.3 shows a three-dimensional diagram of a vehicle equipped with ABS.

Here again, I want you just to pick out the main components: we have wheel-speed sensors, the hydraulic pump and accumulator (actuator), and the ABS computer (ECU), and all of these components are connected together by cable. Thus, this system has the same four basic elements as the fuel injection system, i.e.:

• actuator

• sensors

• ECU (computer)

• interconnecting cables


[image: fig1_3_B.tif]
Fig. 1.3 Anti-lock braking (Toyota)


It seems that the majority of vehicle electronic systems have a similar structure: it is useful to know this because each of these four elements must work properly otherwise the system itself will not work, and this property, i.e. the four basic elements of the system, is a useful concept in fault diagnosis. These systems are often represented by a diagram similar to Figure 1.4.


[image: fig1_4_B.tif]
Fig. 1.4 The basic elements of an electronic system


The system diagram shown in Figure 1.4 greatly simplifies the topic. The actual circuits on the vehicle contain a great deal more detail than is shown here. However, the systems are fundamentally similar and it is useful to be able to hold on to this basic simplicity when one is studying an actual circuit diagram, because it helps to remind you what you are looking for.

Before moving on to consider more detail about systems, it is useful to give some thought to the conventional methods used to repair vehicle electronic systems.



Electronic system repair

Individual components such as the controller (ECU), some sensors and actuators are not designed to be repaired in garages. In most garages the function of the technician is to determine which component of an electronic system is defective and to replace that component correctly. The actual method for testing a system is dependent on the diagnostic system that relates to a particular vehicle. For example, it may be that the vehicle has some built-in diagnostic capacity (on-board diagnostics, OBD) or it may rely on off-board diagnostics, or a mix of both. Whatever the case, these diagnostic systems will generally point the operator to an area of a system in which a defect lies, e.g. ‘coolant sensor circuit fail’. This does not necessarily mean that the coolant sensor is defective. It could be, but it could also mean that any part of the circuit between the sensor and the test point has a defect in it. This is one reason why it is very important to know how the elements of a system are dependent on other parts of the system. Figure 1.5 indicates how, with power switched off, the circuit between the sensor and the ECU may be tested. Similar checks can be performed on the outlet (actuator) side of the ECU.


[image: fig1_5_B.tif]
Fig. 1.5 Testing part of a circuit using a multi-meter (Toyota)


Before moving on to consider vehicle electronics in more detail it is wise to remember that much of the skill required to perform diagnosis and repair of electronic systems is the same as that which is required for good quality work of any type. By this I mean it is important to be methodical; it is unwise to start testing things randomly, or even to try changing parts in the hope that you might hit on the right thing by chance.

Many people do work methodically and they probably employ a method similar to the ‘six step’ approach, which is a good, common-sense approach to problem solving in general. The ‘six step’ approach provides a good starting reference, although it requires some refinement when used for diagnosis of vehicle systems.

We will briefly consider the ‘six steps’ and at a later stage take into account the refinements that are considered necessary for vehicle systems.



The ‘six step’ approach

This ‘six step’ approach may be recognised as an organised approach to problem solving in general. As quoted here it may be seen that certain steps are recursive. That is to say, it may be necessary to refer back to previous steps as one proceeds to a solution. Nevertheless, it does provide a proven method of ensuring that vital steps are not omitted in the fault tracing and rectification process. The six steps are:

1. Collect evidence.

2. Analyse evidence.

3. Locate the fault.

4. Find the cause of the fault and remedy it.

5. Rectify the fault (if different from 4).

6. Test the system to verify that repair is correct.

Just to illustrate the point, take the case of a vehicle with an engine that fails to start. The ‘six step’ approach could be:

1. Is it a flat battery? Has it got fuel, etc.?

2. If it appears to be a flat battery, what checks can be applied, e.g. switch on the headlamps.

3. Assume that it is a flat battery.

4. What caused the battery to become discharged?

5. Assume, in this case, that the side and tail lights had been left on. So, in this case, recharging the battery would probably cure the fault.

6. Testing the system would, in this case, probably amount to ensuring that the vehicle started promptly with the recharged battery. However, further checks might be applied to ensure that there was not some permanent current drain from the battery.

I hope that you will agree that these are good, common-sense steps to take and I am sure that most readers will recognise that these steps bear some resemblance to their own method of working.

I shall refer to these steps again. But for the time being I wish to return to the idea of the common basic structure of vehicle electronic systems, i.e. sensors, actuators, an ECU and the circuits in between them, because this feature helps to impose a structure on the study of vehicle electronics and fault diagnosis.

If any element of the system fails then the system itself will fail. For example, if a loose connection causes a break in the circuit between a sensor and the ECU the sensor data will no longer be transmitted to the ECU. The interdependence of the elements of a system needs to be understood so that a reliable procedure, such as the ‘six step’ approach, can be deployed.

So far we have identified two significant factors: one is a common basic structure for vehicle electronic systems and the other is an organised (six step) approach for diagnosis.

We will put the six steps to one side for the time being and concentrate on the elements of the system, for it is knowledge of this that will permit us to deploy the six step approach satisfactorily.

In the next chapter we will look at a range of examples of sensors, actuators, etc. that make up typical vehicle systems. We will follow that up with a study of the electrical and electronic principles that are known to be helpful to people who perform good diagnostic work on vehicle systems.








2
Common features of vehicle systems



 
 




Having looked at the basic structure of typical vehicle systems, this is a convenient point at which to consider some of the elements in a little more detail. Figure 2.1 reminds us of the basic elements of a system.


[image: fig2_1_B.tif]
Fig. 2.1 The 4 elements of the system (sensors, actuators, circuits, and an ECU)


By taking a look at samples of each of the elements we shall obtain an indication of the type of electronics knowledge that is needed. The treatment assumes a knowledge of principles, such as the effects of an electric current, e.g. electro-magnetic effects, circuit diagrams and the symbols used. Electronic detail is not discussed here because this is dealt with in another chapter.


Basic components of a vehicle electronic system


SENSORS

A sensor is a device that ‘senses’ some physical quantity and produces an electrical response which can be made to represent that quantity. For example, the temperature of the engine coolant, the speed of a road wheel relative to the back plate of a brake, as in anti-lock brakes, and so on.



A COOLANT TEMPERATURE SENSOR

In keeping with the procedure adopted in Chapter 1 I will start with an engine coolant temperature sensor.


[image: fig2_2_B.tif]
Fig. 2.2 An engine coolant temperature sensor


A commonly used device for sensing temperature is the thermistor. A thermistor utilises the concept of negative temperature coefficient. Most electrical conductors have a positive temperature coefficient. This means that the hotter the conductor gets the higher is its electrical resistance. This thermistor operates differently; its resistance gets lower as its temperature increases. There is a well-defined relationship between temperature and resistance. This means that current flow through the thermistor can be used to give an accurate representation of temperature.

Figure 2.3 shows the approximate relationship between temperature and resistance. The coolant temperature sensor provides the ECU with information about engine temperature and thus allows the ECU to make alterations to fuelling for cold starts and warm-up enrichment.

The information shown in Figure 2.3 may be given in tabular form as shown in Figure 2.4. This table shows the approximate resistance to be expected between the sensor terminals for a given temperature. From this it will be seen that it is possible to test such a sensor, for correctness of operation with the aid of a thermometer and a resistance meter (ohm-meter) provided the exact reference values are known. Tools and equipment for use in electronic system diagnosis are covered in a later chapter, but at this point it should be noted that good quality, accurate meters of the correct resistance rating are the ones to use. Test lamps of the 12 V type are not suitable.


[image: fig2_3_B.tif]
Fig. 2.3 Temperature versus resistance characteristics (thermistor)



Fig. 2.4 Table of temperature and corresponding resistance for a coolant sensor









	Temp °C
	Resistance kohm



	20
	60



	30
	32



	60
	10



	80
	4











THROTTLE POSITION SENSOR

The throttle position sensor provides the ECU with data about throttle position and rate of movement. This enables the engine to respond instantly to the driver’s throttle action and run smoothly under acceleration. The actual device is quite sophisticated but, like the coolant sensor, it operates according to well-established electrical principles.

Figures 2.6 and 2.7 show the basic principle of the throttle sensor. The wiper (moving part) of the potentiometer connects to one end of the throttle spindle. An electrical connection is made to a suitable point on the wiper and the voltage Vp measured, at this point, provides the signal that informs the computer about throttle position and movement.


[image: fig2_5a_B.tif]
Fig. 2.5(a) A common type of throttle position sensor



[image: fig2_5b_B.tif]
Fig. 2.5(b) A throttle sensor on an engine


Here, as with the coolant sensor, it is evident that quite basic electrical test equipment, such as a voltmeter, will permit one to test for correctness of operation. Again such testing is subject to availability of precise data such as voltage for a given throttle position.



THE CRANKSHAFT ANGLE SENSOR (ENGINE SPEED AND PISTON POSITION)

The crank position sensor generates a signal to say where the piston is, e.g. top dead centre, 40° before TDC, etc., and speed of rotation of the crank, i.e. engine revs per minute (rpm). The crank sensor is sometimes located near the engine flywheel, so that signals are generated direct, but it may also be located at the camshaft or in the ignition distributor. Wherever it is situated, it serves much the same purpose.


[image: fig2_6_B.tif]
Fig. 2.6 Potentiometer type throttle position sensor



[image: fig2_7_B.tif]
Fig. 2.7 The potential divider principle of the throttle position sensor


The type of sensor shown in Figure 2.8 relies for its operation on the difference in magnetic reluctance that is displayed by iron and air. In very general terms, reluctance is to magnetism what resistance is to electricity. Air has a high reluctance and iron a low reluctance. When the iron segments (poles) are aligned with the armature of the sensor a strong magnetic flux flows and the voltage induced at the sensor terminal is high; when the air gap is fully aligned with the sensor armature the magnetic flux is zero and the sensor voltage falls to zero. As the flywheel rotates the sensor produces a voltage of alternating form and, here again, if the values are known it is fairly easy to see that a suitable voltmeter applied at the sensor terminals, accompanied by activation of the sensor by rotation of the flywheel, would provide an indication of sensor performance.


[image: fig2_8_B.tif]
Fig. 2.8 Crank position and engine speed sensor. 1. Flywheel; 2. Clutch pressure
plate; 3. Reluctor disc; 4. Crank sensor and cable


Figure 2.10 shows how the sensor voltage varies as one pole piece on the reluctor rotates past the sensor armature.

The examples of sensors examined here are representative of many others that are used on vehicles. It should be appreciated that they rely on basic physical principles for their operation, and knowledge of these basic principles is assumed for the purposes of this short survey.

In addition to making this point, I should mention that these sensors generate the information (inputs) that enable the ECU to perform its work. In many cases the ‘raw’ signal from a sensor requires electronic processing before it can be used by the ECU, which is why we will look at some electronics in the next chapter.



ACTUATORS

An actuator may be an electro-mechanical device. Petrol injectors are a common form of actuator. Electrical pulses, of a given duration, energise the solenoid so that petrol is sprayed into the incoming air stream to provide the correct mixture to the cylinders of the engine at a frequency that is consistent with the engine speed. Figures 2.11 and 2.12 show typical petrol injectors as made by Lucas.


[image: fig2_9_B.tif]
Fig. 2.9 Sensor details. 1. Permanent magnet; 2. Coil (voltage induced in here);
3. Armature assembly


The electrical pulses from the ECU that are used to energise the injectors are passed through the solenoid winding. This action pulls the solenoid plunger away from the injector valve seat, against a spring. In this type of injector the valve lift is approximately 0.15 mm The duration of injection, per pulse, varies in the region of 1.5 to 10 milliseconds.

A guide to the condition of an injector may be obtained by measuring the resistance of the solenoid winding. This is far from a complete check, but we will examine testing in more detail later.



A CRUISE CONTROL ACTUATOR

Cruise control automatically adjusts throttle position, so that a predetermined speed selected by the driver can be maintained in suitable driving conditions.
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