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-Figure 1: Mercedes-Benz sedans with and with-out anti-lock braking system
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Abstract

This Anti-Lock Braking Systems comparison report has included the systematic testing of two testing rigs in the University of Wales Trinity Saint David Workshop. The data acquired from testing using the correct methodology and equipment, including oscilloscopes and multi metres supplied sufficient results. After testing and then analysing of results was carried out, a discussion into the steps which are taken to find an automotive diagnostic fault was stated and a fault finding diagnostic chart supplied. All the data displayed has been analysed to evaluate both braking systems to determine any strength or weakness between either braking system.

















1. Introduction

An Anti-Lock Braking Systems (ABS) report will include testing and comparison being performed on two different ABS. The two systems are a Teves Mk IV ABS and a Bosch ABS 2EH, which will be tested using a multi-metre and Bosch Oscilloscope, to produce voltage readings and scope patterns for both ABS rigs. Testing will be performed in the University of Wales Trinity Saint David’s engine room workshop, performing in working-groups of five University students.

Research into both ABS will be carried out, defining the functions of an ABS and the diagnostic techniques that will be applied during testing, to most efficiently and accurately record the data required.

Once research is complete, a methodology with descriptions into how the operations of testing were completed, with reference to why each operational practice is carried out. Reasoning for why these practices and equipment were used and how they made the workshop a safe working environment during testing will then be explained.

The outcomes observed during testing, through physical observations and data obtained through practical testing will be used in the discussion section of the report with reference to the correct procedures used when performing the testing, including the actual readings and signal waveforms recorded by the equipment. A fault diagnostics location chart will be created to investigate and determine the cause for malfunction within either ABS, for example the cause for the warning light ‘on condition’.

Finally, a comparison and conclusion of the two systems will be carried out where appropriate, comparing the main operational differences discovered during testing on both the ABS rigs. Suggestions into what the main strengths and weaknesses of both the ABS are, will be carried out including which system is now thought to be the most effective after carrying out the testing and comparison of both systems.

2. Research

Research and review of the safety equipment needed during testing will be shown, with the correct regulations needed to follow. A review into the background of ABS regarding the two testing rigs, will then be discussed to determine the key functions and how they have been enhanced over time, including literature reviews where appropriate and a brief overview of on board diagnostics.

2.1. Personal Protective Equipment

Before testing can begin in the workshop, the correct research into what creates a safe working environment will be stated, including what the correct Personal Protective Equipment (PPE) is needed during the testing phase of this report, to eliminate any injuries, or damage to students or the two ABS testing rigs.

The correct PPE needed whilst performing the testing in the engine workshop are steel toe cap protective boots and a safety lab coat, as stated by the Personal Protective Equipment Regulations, 2002 (Health and Safety Executive). Both these pieces of protective clothing are needed, to reduce the chances of bodily harm to the working group involved in the testing, or anyone else in the workshop during the testing phase. By following this regulation, a safe working environment is always present in the workshop.

2.2. Testing Introduction to the ABS Rigs

As a group pre-testing was performed on 21st October 2019, running both the ABS rigs in the engine room workshop, to ensure both the rigs were performing correctly and will be functional for testing in separate working groups, to be completed on the 11th November 2019. This exercise was carried out to gain an understanding into the areas of the rigs our team will be performing testing, to come away on the 11th November 2019 with the correct and sufficient data needed, to compare two ABS.


2.3. Anti-Lock Braking Systems Background Research

Braking systems over time have always been developed and improved to make brake control and driver assistance as effective as possible. The key development in the evolution of braking systems, was the introduction of electronic stability program and anti-lock braking systems, most commonly known as ABS. In 1978, after nine years of development with Bosch engineers, the production of the first four wheel electronically controlled ABS was introduced for passenger cars (Bosch, 2019).

Further development and improvements to ABS is always being re-introduced and in 1990, fault memory and ISO diagnosis were used to increase the safety and reliability (ISO, 2019). Following this from October 1991, ABS was compulsory for all heavy-duty commercial vehicles, as stated by WABCO in Anti-Lock Braking System (ABS) and Anti-Slip Regulation (ASR), (WABCO, 2011, p.6).

ABS have constantly been developed to improve its overall function and safety. From 2003 ABS were enhanced with the roll stability control function, known as RSC. From 2008, further development into ABS, with additional functions including; electronic stability control (ESC), automatic traction control (ATC), power line carrier (PLC), (WABCO, 2011, p.4-6). With these additional functions, ABS can “detect if one or more wheels are about to lock up under braking and if so make sure the brake pressure remains constant or is reduced” (Reif, 2014, p.74).

2.3.1. Teves Mk IV Braking System

The Teves ABS was first introduced for passenger cars in 1984, with the new generation of ABS, with the Mk II system which included a range of new features including highly flexible microprocessors and a triple braking circuit (Weiser, 1990).

“This Teves Mark 2 ABS was the first ABS of optimum weight and volume in which the braking function, boost of braking force and hydraulic ABS regulation are combined in a constructive and functional manner in a compact unit”
(Weiser, 1990)
The statement by Weiser is over 20 years old but nevertheless is still believed to be up to date, due to the systems being tested in this report are from this era. The Teves Mk II system was an innovative ABS unit for all passenger cars, however because of the advance performance of the system, the price was too high to be fitted to low spec or bottom of the range vehicles. This was addressed by Teves with the cheaper less effective system, introduced as the Teves Mk IV ABS, which is one of rigs being investigated in this report.

2.3.2. OBD I and OBD II

OBD stands for ‘On Board Diagnostics’, which is fitted to both ABS testing rigs, the Teves is fitted with an OBD II which is the newer version with more features than the OBD I, which is fitted to the Bosch 2EH system. OBD allows for the automotive system to carry out a form of self-monitoring to scan the electrical sensors and system. It also allows for external electronics to connect to the cars on board computer system, to diagnose and fix any present issues. (Denton, 2000, p.20).

In the early 1990’s the OBD II was introduced after the ‘Society of Automotive Engineers (SAE)’ and ‘International Standardization Organization (ISO)’, set new standards which stated all automotive vehicles had to use standardised connectors. This meant the OBD I would not fit within the set standards, so the new OBD II was fully introduced in 1994 vehicles. By 1996 it had become a requirement for all vehicles and light trucks to be fitted with them to increase safety and reliability (OBD Solutions, 2020).

OBD I is very similar to OBD II, it is an earlier generation, first introduced in the early 1980’s, these did not use universal standardised connectors which meant the repairing price was expensive and difficult if not taken to a main dealer. These were replaced by OBD II in all cars within two years of the OBD II being introduction (OBD Solutions, 2020).





3. Methodology

To determine the main operations strengths and weakness of the two ABS, testing for both systems must be carried out, producing and recording scope patterns and readings for voltage and resistance for both the ABS, with ignition on and ignition off mode. Testing will be performed in the UWTSD engine room workshop, during which the ABS rigs will be separately tested in an open space with the oscilloscope next to the rig, to eliminate tripping hazards. As stated previously in section ‘2.1. Personal Protective Equipment’, the correct PPE will be worn at all times whilst performing testing in groups.

Whilst testing, the equipment chosen to record the data required is a multi-metre and a Bosch oscilloscope. A multi-metre is essential for working on vehicles electrical systems to produce the most accurate readings for measuring voltage and resistance with an overall accuracy between 0.3% and 0.5% (Denton, 2000, p.29). This will be used to produce readings for voltage and resistance for pins within each of the ABS rigs.

An Oscilloscope has been the chosen equipment to record the signal patterns, due to the effective operational functions present to be able to record, freeze, save and print wave forms produced, to highlight and look for any intermittent faults present. Oscilloscopes are a very useful piece of equipment, becoming increasingly popular because of the transient capture feature allowing for fast spikes to be captured and displayed (Denton, 2000, p.30-33).

Data produced for both rigs using the multi-metre will be recorded within excel, for ignition on and off to produce a table for each testing rig to compare results found. Waveforms created using the oscilloscope, will be paused and saved for further analyses of both testing rigs, to determine how each rig functions under ABS intervention.

Finally, the data recorded will be used to compare the main operational differences between both the ABS rigs, with suggestions into the main strengths and weaknesses of the ABS discovered after testing.

4. Results / Analysis

To lead the results and analysis section of this ABS comparison report. The data has been collected and arranged in data tables using Microsoft Excel showing the readings of voltage and resistance for both testing rigs. Previous expectations will be stated for both testing rigs sets of data, for the readings when ignition ‘on and off mode’ are engaged. Some readings for pin numbers shown will be highlighted in grey, to show that they are not used or not present within each of the ABS testing rigs provided by the UWTSD. Data to be shown for each pin number on the testing rigs, were only collected once due to time and workshop availability restraints, but more testing would be suggested in future comparison testing reports to be able to validate the data collected.

The data collected could be used to successfully determine and diagnose an automotive fault within an ABS. The data will be shown in a similar way, to the steps you would use to test the system to produce readings and scope patterns to discover any possible spikes or intermittent faults within both ABS to cause the warning light ‘on mode’ condition to be present.

4.1.1. Teves Mk IV Data

The data table below shows the pin number, function and the voltage readings for ignition ‘on and off mode’ of the Teves Mk IV testing rig. The expectations of these results were that the ignition ‘off mode’ would be a typical and if not the same value as ignition ‘on mode’. This was thought due to the rig being fitted with an OBD II sensor which has a constant live, causing voltage to be present with both ignition ‘on and off mode’ feature engaged as previously spoken in section ‘2.3.3. OBD I and OBD II’ during the research phase.

	Pin Number
	Function
	Ignition off
	Ignition On

	1
	Pulse Generator Earth
	2.39
	2.4

	2
	Pulse Generator Earth
	2.39
	2.4

	3,4,5,6
	 
	 
	 

	7
	Permeant Live
	12.6
	12.5

	8
	Earth
	0.01
	0.02

	9
	Ignition Live
	0.2
	12.6

	10
	Pulse Generator Earth
	2.39
	2.4

	11
	Pulse Generator Earth
	2.39
	2.4

	12
	Live
	0.2
	12.5

	13
	OBD
	10.83
	10.78

	14
	 
	 
	 

	15
	Switched Live
	0.12
	12.4

	16
	N/A
	0.12
	12.4

	17
	Pulse Generator Supply
	2.35
	2.35

	18
	Pulse Generator Supply
	2.35
	2.35

	19
	Pulse Generator Supply
	2.35
	2.35

	20
	Pulse Generator Supply
	2.35
	2.35

	21,22,23
	 
	 
	 

	24
	Earth
	0.01
	0.02

	25
	Permeant Live
	12.61
	12.6

	26,27,28,29
	 
	 
	 

	30
	Permeant Live
	12.45
	12.45

	N/A
	Pulse Generator Resistance
	1090
	N/A


-Figure 2: Teves Mk IV Data Readings

The data shown in figure 2 constantly shows that the expectations stated before testing, are proven to be correct from analysing the data obtained. To highlight this, take pin number 10 from figure 2, which shows ignition off voltage as 2.39 volts and ignition on as 2.4 volts, these values are the typical and very similar values to be expected from a testing phase of this system.

The values obtained would be useful when using a fault diagnostics chart, step by step, to resolve a present issue within the ABS. The readings recorded would be used in step 2 and 3 of a fault-finding diagnostic chart, including checking the battery condition voltage and readings of fuses/supplies to ECU. The readings recorded from the testing rig show no present issue with any pin numbers voltage or resistance readings.

The multi metre readings can be used for steps 6 and 7 also, checking the resistance of the pulse generator and modulator valve, which from the data recorded also shows no present issue. Due to the data shown, only being collected once for each pin number, the data cannot be sufficiently trusted as a reliable source of testing for the rig because an intermittent fault may be present that was not shown in the readings recorded (Denton, 2000, p.207).
4.1.2. Bosch 2-EH Data

The data tables below show the pin numbers, function of each pin and the voltage and resistance readings for ignition ‘on and off mode’ of the Bosch 2EH testing rig. As expected all the readings for ignition ‘off mode’ are O volts due to the system being fitted with an OBD I which does not have a permanent live, causing the readings to be zero when off.

	Pin Number
	Function
	Ignition Off
	Ignition On

	1
	ABS Warning Lamp Indicator
	0
	12.43

	2
	N/S/R Wheel Speed Sensor (Ground)
	0
	0.22

	3
	 
	 
	 

	4
	N/S/R Wheel Speed Sensor Signal
	0
	0.33

	5
	O/S/F Wheel Speed Sensor (Ground)
	0
	0.22

	6
	O/S/R Wheel Speed Sensor Signal
	0
	0.33

	7
	N/S/F Wheel Speed Sensor (Ground)
	0
	0.22

	8
	 
	 
	 

	9
	Brake Light Switch Feed
	0
	12.4

	10
	O/S/F Wheel Speed Sensor Signal
	0
	0.33

	11
	 
	 
	 

	12
	Serial Data Wire
	0
	11.23

	13
	N/S/F Wheel Speed Sensor Signal
	0
	0.33

	14
	O/S/R Wheel Speed Sensor (Ground)
	0
	0.22

	15
	Diagnostic Excitation Lead
	0
	0.24


-Figure 3: Bosch 2EH Data Readings
	Pin Number
	Function
	Ignition Off
	Ignition On

	1
	N/A
	0
	12.39

	2
	N/A
	0
	12.55

	3
	Earth
	0
	0.01

	4
	Stopping ABS Light Coming on
	0
	12.37

	N/A
	Solenoid
	0
	12.53

	N/A
	Pulse Generator Resistance
	1090 ohms
	N/A


-Figure 4: Bosch 2EH Data Readings

The Bosch 2EH system did not show voltage when the rig was on ‘off mode’ as pre-determined before testing, examples of this to prove this expectation are shown in figures 3 and 4 in the ignition off column.

The data obtained from testing on the Bosch rig can be used when using fault diagnostic techniques, and step by step charts to resolve present issues within an ABS to cause the warning light ‘on mode’ condition. The data acquired shown in figures 3 and 4 can be used for steps 2, 3, 6 and 7, to check battery condition voltage, readings of fuses/supplies to ECU and checking the resistance of the pulse generator and modulator valve (Denton, 2000, p.207). As shown in the data tables, there are no present issues with the Bosch ABS.

4.2. Scope Readings
[image: ]










		-Figure 5: Bosch 2EH Speed Wheel Sensor Scope Pattern

The scope pattern shown above in figure 5 shows the wave form from pin numbers 4 and 2, the wheel speed sensor of the Bosch 2EH testing rig. This pattern shows that the sensor is working well and is not picking up any faults. By following a fault diagnosis list this operation of using an oscilloscope to check the wheel sensor operation is step 5 in a diagnostic chart to make sure it shows a clean regular sine wave output proportion to the wheel speed (Denton, 2000, 207).
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		-Figure 6: Teves Mk Iv Speed Wheel Sensor Scope Pattern

[image: ][image: ]The scope pattern shown in figure 6 is for pin numbers 2 and 19, the speed wheel sensor of the Teves Mk IV system. This waveform shows a similar pattern that of figure 5 previous, except less proportional to the wheel speed and not a smooth pattern. More scans of the system would be appropriate and will help to diagnose and check the system to resolve.
-Figure 7 and 8: Bosch 2EH Pump Modulator Scope Pattern

Figures 7 and 8 above show the scope pattern for the solenoids of the pump modulator of the Bosch 2EH system. The waveform on the left shows the pressure hold and the waveform on the right shows pressure release. Using an Oscilloscope to check these waveforms would be step 8 during fault diagnostics and the values collected can be compared against manufactures specifications.
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		-Figure 9: Bosch 2EH Brake Light Switch Scope Pattern

The scope pattern shown in figure 9 shows pin number 9, the brake light switch from the Bosch 2EH system. The waveform shown in figure 9 shows the pump motor priming when the system switches on, shown as the sharp spike in the scope pattern. Checking resistance of pump motor is step 9 in a fault diagnostic chart which should show typical values of 0.3 to 0.5 ohms which the data collected was within tolerance (Denton, 2000, 207).

5. Discussion

Validation, to be able to validate all the data recorded by our team during testing, more testing in the workshop, being performed on both the testing rigs would need to be carried out. This would have then given enough efficient data to be able to validate and compare different sets of readings recorded, to produce more accurate results to analyse.

The data and scope patterns discussed previous in the results section and the practices and equipment used, can now be successfully adopted to create a flow chart style diagram, to create a full automotive fault finding diagnostics chart. The chart will enable an investigation into an ABS warning light ‘on mode’ fault, to then show step by step points on how to resolve any present issues found, including any spikes or intermittent faults present within the ABS.

[image: ]5.1. ABS Fault Finding Diagnostic Chart





















-Figure 10: ABS Fault Finding Diagnostics Chart (Smith, Drawio, 2019)
The fault-finding diagnostics chart has been created in a flow chart style using ‘Drawio’ diagram programme, due to the many options and simple user interface. The diagnostic chart presents steps to follow to diagnose a fault within an ABS. The fault chosen was an ABS warning light ‘on mode’ fault. The diagnostic chart shows how you would verify the symptom, collect further information, carry out logical testing, rectify the problem and check for any symptoms.

The ABS pump for an Alfa Romeo 156 is a Bosch 2EH and a common fault for failing and then evidently causing the warning light ‘on mode’ to illuminate (ECU Testing, 2020). This factor makes it clear that the fault-finding diagnostics chart created is needed for all automotive vehicles and especially these two systems tested. By following the diagnostics chart, you can successfully use advanced diagnostics on an ABS to determine the cause for the warning light ‘on mode’ feature to illuminate and resolve the issue.

6. Conclusion

After testing and comparing both ABS rigs, the strength and weakness are clear, both systems still work within todays parameters, having a three-stage phase but neither system is fitted with the newest European on Board Diagnosis (EOBD) function now fitted to vehicles.

The strengths of the Bosch system are a simpler design and therefore cheaper as less components are included. The weakness of this are having no constant live, less channels and a single solenoid valve which operates all three stages of pressure build, hold and release, causing for a less effective system.

The benefits found of the Teves system, having an OBD II allows for easy on board diagnosis and external checking. The system also has separate solenoid valves for pressure build, hold and pressure release, but this caused the price to be high at the time it was first produced so was not fitted to lower end automobiles. Neither of these systems tested are as effective as the newer modern ABS constantly being re-design.

To conclude, down to pre-test planning, to prevent for poor performance, the whole team performed very well during testing to collect all the data needed. But due to only performing one test session, we cannot fully validate the data collected. More testing sessions collecting more sets of data to compare and analyse, would have allowed for more accurate final data to be obtained.
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