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Section 1.

1.1. Aims and Introduction of Assignment

The purpose of this assignment is to analyse and evaluate the operation of two types of Anti-Lock Braking Systems (ABS), the Teves Mk IV ABS and Bosch the ABS 2EH. 
Working as part of a team, research will be carried out to understand how an ABS system works. To recognise the fundamentals and identify the mechanical, electrical and electronic systems for fault diagnosis. The team will investigate a fault that has occurred on a vehicle fitted with both systems where the ABS warning light stays on.


1.2      Brief history of ABS

‘ABS’ was originally derived from the German term - "Anti- Blockier-System” or Anti-Lock System.  (http://www.atss.planet.ee/kolaladu/ford/Scorpio/veakoodid/teves.pdf)
Invented by Gabriel Voisin. ABS was developed as far back as 1929 when it was first widely used on ‘threshold’ braking on aircraft to lessen ‘lock up’ of the brakes that caused the tyres to skid. In 1966 the features and benefits of ABS brakes were widely announced on the Jensen Ferguson Formula or FF, four-wheel-drive car. 
An ABS braking system works by preventing the road wheels from skidding or locking-up under heavy braking. The system enhances directional stability and maintains steering. ABS systems are constructed using digital technology and precision hydraulics. 
Since 2004, ABS has been a legal requirement on all new European cars and road safety has significantly improved since its introduction. 


Section 2.0.


2.1      Purpose and Function of Anti-lock braking systems (ABS).

ABS is a safety device that works within a vehicles standard braking system to prevent wheel lock-up and skidding under braking. Eliminating wheel lock-up assists in maintaining steering response and the overall control of the vehicle. Road wheel lock-up can often cause loss of steering control and extend the overall stopping distance with disastrous consequences.
The available grip of the tyres on the road is dependent on both the load on the tyres and the friction characteristics of the road surface. The braking force is set so that there is still a sufficiently large amount of cornering force because the task of the ABS is not to shorten the braking distance. It is more about driving stability to prevent the dangerous locking of individual or all of the wheels when braking. 
The function of an ABS braking system is to enhance the amount of grip to prevent the road wheels from locking up under heavy braking. By providing effective and optimal braking performance to assist the driver to maintain control of a vehicle and steer around potential obstacles. Sudden emergency braking especially on poor contact or slippery wet roads can often result in the road wheels locking up. The locked wheels break or reduce the grip between tyres and the road surface which can result in the vehicle becoming unstable.  The system adjusts the braking force and once control has been gained, ensures that the road wheels are not under-braked. These actions allow the car to steer safely and/or come to rest under braking by preventing slip and locking up. 
The principle aspect of an ABS system is similar to the ‘cadence braking’ technique used by drivers of historic cars, where the brakes are ‘pumped’ to prevent lock up on poor contact surfaces and aid steering response. A peculiar aspect of modern tyres is that they offer maximum retardation just before the ‘break off’ point when grip or contact is lost and they start to slip or skid. Through monitoring the rate of rotation of the tyres and the wheel lock, ABS systems offer a safer and more efficient form of cadence braking.

An ABS system senses any loss of grip and works by automatically fluctuating the brake pressure. By increasing and then reducing the braking force the system maintains the optimum amount of tyre grip. 
“Maximum vehicle retardation occurs when braking force matches the tyre grip available.” (AG powerpoint moodle). 




Freeasestudyguides.com. (2019). Understand ABS Hydraulic Controls Symptoms. [online] Available at: https://www.freeasestudyguides.com/abs-hydraulic-controls.html [Accessed 20 Dec. 2019].


2.2 	Components of an ABS system. 


The main components are the ECU or electronic control unit, the hydraulic pressure modulator, the road wheel sensors and solenoid valves.

The ECU or control unit receives, interprets and acts on the sensor signals from the road wheels to calculate the reference speed, acceleration and rotation of the road wheels. Should any slip occur, the wheel sensor sends an alert to the ECU, resulting in the ECU sending signals to modulate the brake pressure. The unit determines the actions required to address any lock-up when it occurs.
The Hydraulic Modulator Unit acts upon the signals and commands from the ECU to modulate the correct brake pressure as required in response to the conditions. To prevent the road wheels from locking during braking and to gain optimal braking performance, the modulator unit signals the required actions to the solenoid valves that control brake fluid pressure at the brakes of each affected wheel. 
A Wheel Speed Sensor is mounted on each hub, measuring the speed of the corresponding wheel. Consisting of a rigidly mounted ‘Hall type’ magnet sensor and a rotating toothed wheel or cog attached to the inner flange of each hub. The magnetic sensor can measure the frequency of the rotating toothed or cog wheel, which corresponds to the speed of the road wheel and signals the ECU. The wheel sensors provide the ECU with wheel-speed information.
Should the sensor pick up the signal that a wheel is slipping/locking up. The ECU is notified and signals the hydraulic pressure modulator to increase or decrease the brake pressure to optimise traction. 
Solenoid Valves. During activation of the ABS, the valves close to isolate the brake and then hold and release as required. These actions or modulations are requested by the ECU and controlled by the Modulator unit. The solenoid valves may be located within the modulator or may be ‘outboard’ closer to the brake units.
Warning Lamp. An important feature of the ABS system. Should a hazardous fault occur, or an inaccurate signal or low battery voltage occur which could potentially affect ABS operation, then the system will automatically switch off and the warning light will illuminate on the instrument panel. Some vehicles are equipped with an amber warning lamp signalling low brake fluid should the fluid level in the master cylinder or the modulating unit/pump become low. The ABS system is then temporarily switched off and disabled until the level is topped up.
Electronic On Board Diagnostics (EOBD). The ABS components are not activated for a long time but must have various safety options available to ensure that the system functions. The main on board diagnostic security options are a self test of the electronic control unit and a periphery test of the connected modules. When the ignition is switched on, the electronic controller performs a self-test. All electrical connections are continuously monitored while driving. The solenoid valves are periodically checked during driving by means of passive test pulses for ABS suitability. 
On certain vehicles, the ABS components work in conjunction with an electronic diff lock and traction control or anti-slip functions. If the ECU senses that a wheel ‘breaks traction’ and loses grip or spins under acceleration, it notifies the hydraulic modulator unit to gradually apply brake pressure to the affected wheel until traction is regained.


2.3 	Various diagnostic techniques that can be applied. 

Both ABS systems have an electronic fault memory within the EOBD, linked to a warning indicator light. On initial start up the lamp will light up to indicate that a self-diagnostic check is carried out. On reaching full pressure, the warning lamp should switch off. Should it remain lit or flashing, a fault exists in the system. 
A fault memory code can be accessed using a suitable OBD diagnostic code reader, however should one not be available it is possible to test the system circuits using a volt or ohm meter. 
Apparent ABS malfunctions are often caused by other specific system failures or errors and further checks may reveal simple failures and a saving on diagnostic time. These include making sure that the wheels and tyres must be of the same size for the sensors to run at the same speed, sufficient brake fluid level, sticking or seized brake callipers, broken teeth on toothed cog wheels, loose sensor connecting leads, incorrect battery voltage and blown or missing fuses.
The ABS warning lamp can often be a diagnostic tool itself as it offers two clues during fault-finding. The light should illuminate on initial starting and switch off after a brief delay of a few seconds after a self-test is actioned.  Should the ABS light stay on, it signifies that there is a main hardware failure rather than a loss of signal from one of the sensors. 
Should the lamp go out after the initial self-test and then come on again shortly after driving off, this often indicates that a sensor which had passed the start-up test now fails to function adequately.  
Should an OBD diagnostic code reader not be available, it is possible to carry out test readings and observing signal wave forms using a volt/ohmmeter, following a wiring diagram.
Anon, (n.d.). [image] Available at: https://www.flamefast.co.uk/ab-ff2ehr-abs-simulator.html [Accessed 15 Dec. 2019].


Section 3.0 

3.1     Procedure adopted when carrying out test
The equipment used for the test were two Anti-Locking Braking System Training Rigs one fitted with a Teves ATE system and the other a Bosch 2EH system. The rigs were equipped with ABS pumps, ECUs, wheel sensors, master cylinders and diagnostic sockets. 
A period was allocated to carry out an investigation and test on each of the ABS systems. The tests involved identifying the voltage output from designated pins of both systems. An oscilloscope was used to view the different waveforms that occurred to interpret and analyse the reading. Tests were carried out in both static and running modes. The relevant pins were identified and a voltmeter used to measure the output. 
An oscilloscope was connected at various points in the test procedures to the relevant ‘pin’ or terminal numbers of the system and were listed. 

	Checking Voltage, Resistance or Wave Form.

	Switch on ABS test rig to simulate required test conditions. (Power to system components, rotation of road wheels, application of brakes, activation of ABS) 

	Select component to be tested, ECU / Relays /Wheel speed sensor /Solenoid Valves (Teves only).

	Identify corresponding pins. Connect oscilloscope to ECU multi plug points.

	Adjust meter to measure current. 

	Operate test rig to simulate system active, running, brakes working.

	Depending on component being tested - check voltage or resistance if not as specified, disconnect relevant component and operate system.

	Check resistance between component terminals, if not as specified – suspect component failure.








Utilising the above methodology, the following components of both systems can be tested.

Resistance of Front Wheel Speed Sensors. (Ohms)
Resistance of Rear Wheel Sensors. (Ohms)
Voltage of Front Wheel Speed Sensors. (Volts)
Voltage of Rear Wheel Sensors. (Volts)
Supply Voltage to Relay in ECU (Volts)
Supply Voltage to Main ECU (Volts)
Supply Voltage to Pump Motor (Volts)
Resistance of Front Wheel Solenoids (Ohms) (Teves 4 Channel system only)
Resistance of Rear Wheel Solenoids (Ohms) (Teves 4 Channel system only)
Voltage of Front Wheel Solenoids (Volts) (Teves 4 Channel system only)
Voltage of Rear Wheel Solenoids (Volts) (Teves 4 Channel system only)



[image: Image result for Bosch 2EH abs system diagram]Bosch Type 2EH ABS Pin locations.







ABS TEVES MK IV INTERFACE - SIGNAL LOCATIONS 

 1. Ground
2. Valve outlet front left
3. Control of and power supply from main relay        13. Pressure switch for TRACS
15. Pump relay control
16. Pedal position sensor
18. Valve outlet rear right or front right   19. Ground     20. Valve inlet front left
21. Valve outlet front right
23. Diagnosis
25. Switch for TRACS
26. Pressure switch TRACS.      
27. Wheel sensor rear right
28. Wheel sensor rear left
29. Wheel sensor front right
30. Wheel sensor front left
31. Pump sensor signal.             32. Brake light switch
33. Feed from main relay
34. Main relay control signal
35. Battery voltage
36. Valve outlet rear, rear left or front left 37. Valve TRACS
38. Valve inlet front right
44. TRACS-light
45. Wheel sensor rear right
46. Wheel sensor rear left
47. Wheel sensor front right
48. Wheel sensor front left
49. Pump sensor.      52. ABS-light
53. Power from ignition switch (terminal 15) 54. Valve inlet rear, rear left or front left
55. Valve inlet rear right or front right 




3.2       Health and Safety.  

It is important that all testing is carried out in a suitable safe environment with correct supervision. There are risks that high voltage outputs from mains powered diagnostic equipment and ECUs may cause serious harm or injury as the voltages on modern electronic ignition systems can often run as high as 90,000 Volts.  
Serious consideration towards health, safety and welfare was made during diagnostic testing and safety warnings were issued when rigs were switched on. A relevant and appropriate risk assessment was carried out to identify and manage any hazards and risks that may be present during the test procedures. The student groups were advised and protected from anything that would have caused serious harm and the risk of electrocution from live test rigs and ensuring there were no trip hazards on the floor. 




ABS warning light flow chart 


3.3        Fault diagnostic chart. 

With vehicles getting more and more complex there is an increasing need for fault diagnosis systems/methods. Using a flowchart can help detect and diagnose a problem. Apparent ABS malfunctions may often be caused by other specific system failures or errors and further checks may reveal simple failures and a huge saving on diagnostic time.
 



ABS light on when driving 
Pull over, switch ignition off then back on 
Yes

No
Check ECU for fault code 
Plug in OBD 

Rectify fault as specified e.g. Suspect faulty wheel speed 
sensor 
Visually check wires, connections etc





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 wiring connections and fuses 
Fault found, terminal connection loose



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 wiring connections and fuses 

Has fault cleared 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 wiring connections and fuses 
Yes

No
Drive on
Has fault cleared 
Fault code appears  





Yes



















3.4 Test readings and signal waveforms


	Teves Mk IV (10 Solenoids)
	
	

	Pin
	V - Ignition Off
	V - Ignition On

	1
	2.31
	2.32

	2
	2.35
	2.36

	3
	 
	 

	4
	 
	 

	5
	 
	 

	6
	 
	 

	Permanent Live           7
	12.77
	12.75

	Earth                             8
	0
	0.01

	Ignition Live                 9
	0
	12.7

	10
	 
	 

	11
	 
	 

	12
	2.32
	2.33

	Switch                        13
	10.9
	10.97

	14
	 
	 

	15
	 
	 

	16
	0
	12.69

	17
	 
	 

	18
	 
	 

	19
	2.33
	2.34

	20
	 
	 

	21
	 
	 

	22
	 
	 

	23
	 
	 

	Earth                          24
	0
	0






































	 Permanent Live            25
	12.7
	12.7













Bosch 2EH (3 Channel)
	Pin
	V - Ignition Off
	V - Ignition On 
	V - Operation 

	1
	0
	12.32
	12.12

	2
	0
	0.22
	 

	3
	0
	0
	 

	4
	0
	0.33
	 

	5
	0
	0.22
	 

	6
	0
	0.33
	 

	7
	0
	0.22
	 

	8
	N/A
	 
	 

	9
	0
	12.29
	12.26

	10
	0
	0.33
	 

	11
	N/A
	 
	 

	12
	0
	11.09
	 

	13
	0
	0.33
	 

	14
	0
	0.22
	 

	15
	0
	0
	 




	4 Pin 
	
	

	1
	0
	12.49

	2
	0
	12.08

	3
	0
	12.1

	4
	0
	0

	
	
	

	Solenoids
	
	

	1
	
	12.47

	2
	
	12.47

	3
	
	12.47

























Test Readings. Graphs showing Signal Waveforms.
[image: ../Pictures/Photos%20Library.photoslibrary/resources/proxies/derivatives/50/00/5091/lYbMh0v%25T6OoqoIJfEb3Kw_thumb_5091.jpg]

Graph 1.

Bosch 2EH.

Pin 4- signal lead, wheel speed sensor rear left. Ignition on = -0.3 to 1.1

Pin 2 – ground (Earth), wheel speed sensor rear left. Ignition on = 0.2





Test Conclusion - Both channel waveforms show matching fluctuating voltage of rear wheel sensor that interfaces with modulator unit. Showing low speed wheel rotation. System check verifies no fault as there are no anomalies, gaps or spikes.
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Graph 2.



Teves Mk IV ABS. 
Pin 9 – ignition live 
= 11.1 to 6.7 Volts






Waveform shows voltage drop from 11.1 Volts to 6.7 Volts and recovery. 
 System check verifies ignition live, power switched on to ECU, Modulator system. Maintaining 11.1 Volts before and after.
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Graph 3. 

Teves. 
Pin – Rear Solenoid 
Waveform shows Primary voltage 12.5 followed by fluctuations from 1.2 to 9.7
 






Test Conclusion - System check verifies uniform signal with no anomalies. Signifying operation of ABS shifting between two of the stages of Pressure increase – under braking. Pressure hold – holding constant pressure. Pressure reduce – on wheel lock up. Followed by a longer phase where ABS is not operating.

(The solenoid valves are periodically checked during driving by means of passive test pulses for ABS suitability.)
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Graph 4.


Teves. 
Pin
Rear Solenoid  
Waveform shows fluctuations from 1.6 to 5.7. 
 



Test conclusion. Solenoid operation works with the modulator and pump and causes a pulse or “kick back” to the brake pedal. System check verifies operation of solenoid shifting between three modes. Pressure increase – under braking. Pressure hold – holding constant pressure. Pressure reduce.
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Graph 5.

Teves.
Pin 2 Valve Outlet Front Left – 2.3 to 2.4 Volts 

Pin 9 Ground (Earth)





Test Conclusion - Waveform shows matching fluctuations with no recurring anomalies. Graph shows voltage valve outlet solenoid that interfaces with modulator unit. Low speed ABS activation. System check verifies no fault present.


Section 4.0     

4.1 Operational differences / variations.

The Bosch 2 EH ABS or ‘MK II’ system was the first to combine brake function, brake booster, hydraulic control and ABS systems into one compact unit. Offering both cost and weight savings. The system features wheel speed sensors on each wheel. Which are aligned to monitor and sense toothed cog wheels situated on each wheel hub, set at 5mm. The rotating motion of the cog toothed wheels is measured and detected by each sensor as they rotate or stop. The system is set up and calibrated to recognise the number of teeth on each cog wheel per rotation and therefore knows exactly what each wheel is doing. 
On some models, the ABS is also interfaced with the traction control system where the values of the ‘driven’ wheel speed sensors are picked up and the information shared with the Traction Control ECU. Following on from the earlier combined ‘under bonnet’ Bosch 2EH ABS system a later slightly modified version of the 2EH system was deployed. This utilised more robust, stronger and therefore more reliable magnetic hydraulic valves set inside the main ABS unit. 
Type 2EH Image source https://www.clubcalibra.net/v6calibra/abs/images/abs_overview.jpg


The Teves (ate) MK IV system was an important ‘milestone’ in ABS development. 
Introduced in 1989 with the inclusion of compatibility with ‘electronic brake force distribution’. The system was the first to include an electric – hydraulic pump, used to build pressure in the brake fluid after the ABS has functioned during rotation of the road wheels. Differing from the Bosch system, it has 4 channels and where each wheel or brake corner of the MkIV has two valves. 
An inlet valve sits between the wheel cylinder and the master brake cylinder and opens when the ABS-system is passive.  Otherwise closed at the pressure maintenance and pressure reduction stages. 



Teves Image source -https://s3.amazonaws.com/assets.knowyourparts.com/app/uploads/2016/08/KYP8111.jpg

	Phase
	Inlet Valve (stage) (v)
	Outlet Valve (stage) (v)

	Passive
	Open      12V
	Closed 12V

	Pressure Maintenance
	Closed     0V
	Closed 12V

	Pressure Reduction
	Closed      0V
	Open      0V


(Info sourced from - http://www.atss.planet.ee/kolaladu/ford/Scorpio/veakoodid/teves.pdf)






Teves MkIV ABS
4 channel system showing;
                  Integrated   ECU/ Pump. 

          Separate 
    2 solenoid valves per wheel
      



(Info sourced from Continental Aftermarket GmbH, Helfmann-Park 1, D-65760 Eschborn) https://www.continental.com/



On the Teves system an outlet valve is sited between each wheel cylinder and the brake fluid reservoir and is opened to reduce pressure when ABS is activated. Under normal braking, the inlet valves are open and brake fluid passes through to the cylinders if the ABS is not deployed. The outlet valves which release pressure are closed. 
Similar to the Bosch unit, a toothed cog-wheel mounted on each wheel hub is monitored by a fixed magnetic switch mounted 5mm away. When the road wheels rotate, pulses are sent from the magnetic switches to the Control Unit and the timing of the pulse width calculates the wheel speed. This reading is used by the CU to determine the need for the ABS to function. If any of the wheel’s lock-up, ABS is deployed and the outlet valve opens to direct fluid back to the master cylinder reservoir. Once the magnetic sensor recognises that the wheel is rotating, it signals the CU.  While the inlet and outlet valves are opening, and closing, hydraulic pressure in the system is maintained by a hydraulic pump. When activated, a signal is sent from a pump mounted sensor to the Control Module.

Only the Teves system has 2 valves per hydraulic circuit where they are electrically operated by the modulator and situated on a 4-channel circuit. 
Both system shift between three modes. Pressure increase – under braking. Pressure hold – holding constant pressure. Pressure reduce – on wheel lock up. 
Following the Teves Mk IV came the Teves Mk 20. They are identical except the latter is updated with smaller control systems and is lighter in weight.

In both systems, the ECU is the main central control unit, with 4 function areas. An input amplifier for analysing and processing rotational speed signals from the wheel sensors. A computer for processing and sending output commands to the solenoid valves. A power activation trigger mode for activating the pressure control valves and a circuit monitor to check correct overall operations. 
Both systems share three similar main components where their operation is dependent on electrical pulses where the control module or ECU monitors external information such as wheel lock from wheel-cog sensors. 
In both, the hydraulic modulator unit or MU controls the amount of braking force applied to each road wheel by activating solenoids which vent the brake pressure. When the pressure decreases under ABS conditions, brake fluid is pumped from the accumulator or expansion chamber into the main system to build up to the correct pressure. A vibration through the brake pedal and a slight ‘clicking’ sound is experienced during this cycle.
However, they differ slightly in the layout of the components. The Bosch is more compact and an integrated design where the electric pump solenoid valves and controller are housed in one unit/assembly. The Teves MkIV operates with separate valve/controllers. 









4.2    The considered strengths / weaknesses of both ABS systems.


	Teves MkIV 
	Bosch 2EH

	Strengths
True 4 channel system with return pipes.
Vacuum boost actuation.





	Strengths
More compact integrated design.
Lower manufacturing cost.
Less components to fail.


	Weaknesses
Increased weight.
Requires installation space.
Increased manufacturing cost.




	Weaknesses
Slight increase in braking distance compared to Teves unit.
System does not repressurise as rapid as quickly as 4 channel. 






4.3    Conclusion.


Quote-
“Most ABS systems employ hydraulic valve control to regulate the brake pressure during the 
  anti-lock operation. Brake pressure is increased, decreased or held. The amount of time required to open, close or hold the hydraulic valve is the key point affecting the brake 
efficiency and steering controllability.” 
Info source (An Antilock-Braking Systems (ABS) Control:   
A Technical Reviewhttps://www.researchgate.net/publication/267995254_An_Antilock-Braking_Systems_ABS_Control_A_Technical_Review)

Both system shift between three modes. Pressure increase – under braking. Pressure hold – holding constant pressure. Pressure reduce – on wheel lock up. However due to different operation of its ‘true’ 4 channel set up, it would be assumed that the Teves MkIV system would offer superior efficiency and performance when compared to the Bosch 2EH. Due to the Teves’ outlet valves being mounted outside the ECU/Modulator Unit and able to open and direct fluid back to the master cylinder reservoir. The Bosch system has ‘integral’ solenoid valves within the ECU/MU and releases brake pressure back into the accumulator. 
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