LR D3 EPB
Summary

EPB application

The EPB is applied as a 12-volt electric motor (via a gearbox and internally threaded externally splined hollow shaft) applies tension between the two brake operating cables until a strain gauge and circuit board controller system stops the motor at a given brake cable tension.  Anecdotally it is understood that this tension is monitored for some time, and re-applied after 6-7 seconds and if the ABS sensors detect wheel rotation.
EPB normal release
The EPB is normally released by a reversal of the motor, controlled by the circuit board in response to a signal from the operating control lever.

EPB emergency release
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The EPB emergency release consists of a Bowden cable which is connected at the other end (through 180°  via a pulley) to a tension spring and which has a steel ball crimped onto it. The ball lifts a latch releasing the mechanical connection between the two brake operating cable inners; all brake-operating tension is lost.
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Description

The EPB unit is a black plastic box, some 200mm wide by 100mm deep by 70mm high, with three Bowden cables protruding, two are the brake actuating cable and the third, thinner cable is the emergency release.  The box carries a label and the embossed name KÜSTER.  There are 2 mounting bolts and a 27-pin electrical connector.
The lid is retained by 8 No1 Torx ST screws and a very efficient extruded silicone seal.

The obvious elements on opening the box are

· Electronic circuit board at the “top”

· Johnson 12v electric drill motor connected to

· White plastic gearbox through which passes

· Floating splined rod into which passes on the right side

· The threaded end of the right brake cable inner.

· A mechanical connection between the splined rod and the left inner cable which incorporates

· A release mechanism and
· A strain gauge
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The strain gauge is a closed non-demountable unit connected to the PCB via a flexible strip cable and a multipin plug and the head of the tensioning block.
The electronic circuit board is an obviously complex unit and well protected by a heavy coat of water proofing varnish.  It is not a part of this report, it being assumed for this purpose that the board is fully functional.
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The electric motor is a rare earth magnet motor, similar to those used in current (more expensive) cordless drills except that instead of the epicyclic gearbox those are normally fitted with, this has a single helical spur gear.  That gear is the primary drive to the gearbox.  The motor is mounted to the gearbox by four Torx screws as above.

The gearbox is a plastic (ABS?/ nylon?) unit mounted into the case by three (3) Torx screws as above via an (NVH) insulating grommet in each case.  
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The gearbox is a triple reduction spur gear unit with the secondary gear equipped with an overload clutch.  The clutch operates by spring pressure holding a set of radial detents from riding over their 30° slopes.  It will operate in either direction and is intended to prevent electrical or mechanical overload should the system experience excessive loads from the handbrake cables or a jam-up in the EPB casing.
It is also worth noting that there is a ‘bridge’ feeding the output transistors on the circuit board which also seems to provide some protection to the motor in cases of overload.  On the PCB in this investigation, the varnish on this bridge is seen to have suffered elevated temperatures, the varnish having carbonised signifying sub-maximal overload. 
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The gears in the gearbox are all of nylon or similar plastic with the exception of the primary gear which is brass. [image: image8.jpg]


 The tertiary and final gears are unitary mouldings and run on  steel shafts.  The final output assembly is mounted on sealed ball races.  Gearbox ‘sealed-for-life’ lubrication is by manufacturers grease which is possibly of a lithium base.  This was found to be adhering to the gearbox casing having centrifuged off the gear assemblies.  The output gear assembly consists of a large diameter gear (in relation to the others in the case) with a bore of some 20mm to accept a hollow threaded shaft carrying four rectangular section splines set proportionally around the circumference.  It is this unit which provides the axial displacement (effectively the ‘nut’ for the ‘bolt’ of the brake cable) to create the pull on the brake cables.
Operational Sequence

The EPB operation signal comes from the actuating lever via some logic system which assesses road speed to be below a critical figure.  Above that figure the parking brake system is not operated but emergency braking is performed via the hydraulic disc brake system.  If the signal is received at the EPB module the motor turns at about 12,000 rpm resulting in a rotational speed of the splined internally threaded shaft of about 20 r.p.m.  This pulls the threaded end of the right brake cable into the threaded splined shaft, which via a ball-race is connected to the left brake cable.  The two brake cable inners are thus pulled together, the splined shaft floating endways to balance tension in the two cables. The strain gauge informs the circuit board of the cable tension and the electronics control the motor.

According to information from VOSA:- When a tension of 1050 Newtons (105 kg) is reached, the tension gauge / circuit board control system stops the motor.  If motion is detected at the wheels by the ABS sensors, the motor is restarted until a tension of 1250 Newtons is reached.  If no motion is detected, the tension is re-assessed after 6-7 seconds and the motor restarted if necessary.
EPB release is the opposite motor and gearbox function in response to the signal from the operating control lever.

Emergency release is effected by pulling on the emergency cable which passes round a pulley and has a 6mm steel ball crimped on to it before ending at a tension spring.  The pull causes the ball to pass under a latch release which severs the connection between the left brake cable inner and the splined/threaded shaft.  The brake cable inners are (violently) separated and the parking brake system released.  Under normal circumstances the next “normal” operation of the EPB should see the automatic reconnection of the severed link, such that the EPB operates normally once more.
Report

The failure mode of the unit was of a system failure to cease operation during application of the EPB accompanied by a ‘screaming’ noise.  This was occasional, then intermittent and finally consistent, developing from vehicle age one year and failing at vehicle age three years.  The emergency release had to be applied following which the EPB system did not operate.  
The final failure occurred at the Main Agents during testing after further adjustments had been declared to have “cured the fault, sir” and has not been described in detail but was probably a total and silent seize-up.

The  significant symptom of the failure was a ‘screaming’ noise which was not fully comprehensible in that there did not appear to be any components capable of producing such a noise.
Prior to stripping an electrical test was run to see if the system would work with the box lid open.  One of the motor terminals was released and 12 volts applied at random polarity to the motor.  It drew current (a spark at the contact terminal) but failed to rotate.  Opposite polarity was applied with the same result.

On stripping the gearbox unit, an internal spring tension was obvious as soon as the four (4) Torx casing screws were released.  On removal of the box casing, the extension of the overload spring on the secondary gear, its retaining washer and the E clip were obviously loose.  
[image: image9.jpg]


This secondary gear cluster carries the overload clutch.  It comprises two plastic gears, the larger of which engages the (brass) primary gear on the motor shaft.  The gear is hollow to allow the serrations of the overload clutch to be formed inside.   There is a plastic extension shaft as a part of the gear to act as the bearing for the second (the driven) part of the clutch.  The plastic driven part has serrations to match the drive ones in the hollow.  The serrations are held together by the force of a compression spring which is retained by a washer and E clip.  The E clip sits in a groove in the end of the plastic extension shaft.
It was evident on disassembly that the E clip groove on the secondary gear plastic extension shaft had failed and allowed the clip and its associated washer to slip off the end of the shaft but be retained by the inner face of the gearbox casing.  This reduced the tension in the spring allowing the overload clutch to ‘slip’ at a much reduced load.  Because the load was reduced, the motor was able to rotate at an increased speed, the increase probably raising the pitch of the clutch slip noises to a scream, then modified by the spring rubbing on a rotating gear at one end and the casing at the other, and possibly further increased by reverberation through the vehicle frame.
The primary failure was the inadequate strength of the shoulders of the notch (in the plastic shaft) for the E clip to retain the compressed strength of the spring. 
The shoulder thickness is less than 1.0mm (measurement being difficult because of the distortion of the failed plastic)
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The spring has a compression strength rate of 300 grams per millimetre (gm/mm) and a compressed strength of 5.1kg when in situ on the gear assembly.  The shearing of the E clip collar allowed a spring distension of approximately 5mm thereby removing at least 1.5kg from the pre-load on the slip clutch.
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A secondary failing had occurred beneath the secondary input gear.  This section of the gear train are helical cut gears; these produce an end load when operating.  In this instance, and as the motor works both forward and reverse, the end loads will vary considerable.  It is obvious that the designers did not consider it necessary to include thrust washers to cater for these end loads.  The lack of thrust washer on the motor side of the gearbox casing allowed the end thrust exerted by the spring following the E clip failure to erode the thrust faces of both gear and casing.  

When the unit was tested at the start of disassembly, it was found that some part of the system was seized – the motor could not rotate.  The cause was found to be the seizure of the secondary gear to the casing considered to be caused by a combination of pressure and rotational speed melting the material of both faces.  There was evidence of considerable erosion of the working faces of both gear and casing, the debris from which had been left in the residual grease on the casing face.
Conclusions

This section is divided into Conclusions and Observations.

Conclusions are:

1. Poor design.  The materials used and/or the design applied to the materials selected for use have not taken into account the stresses applied to the plastic material by the E clip as well as the vibrational loads applied when the overload clutch operates.
2. Inadequate materials engineering.  The employment of such a fine dimensioned collar to retain a 5 kg load cannot be viewed as sound engineering.  The dimensions used could well be acceptable on a metal component, but not, as in this case, a plastic material which is so easily deformed.
Observations are

1. Screaming (or other mechanical distress noises) from the EPB unit indicate a need for urgent attention.  The unit should operate silently.
2. Attempted repair by untutored service agents by concentrating on the wheel hubs is unlikely to restore handbrake function reliably once the EPB unit has given evidence of such levels of distress as the need to operate the emergency release cable.

3. Repeated operation of the overload clutch is likely to erode the load sensing faces of the clutch and cause a lowering of the sensing torque and therefore a reduction in the EPB’s ability to apply the tension necessary to apply full holding capacity to the brake system.

4. Repeated ‘screaming’ from the EPB unit will cause the damage shown above.

5. It is likely that longer term (measured in years) reliability of the secondary gear/overload clutch unit will be low.  The plastic material used does not have a high tensile strength and prolonged exposure will cause distortion and failure at the E clip retention groove.
6. Gearbox lubrication appears to leave a little to be desired.  The (?lithium based?) grease found within the box investigated was found to have ‘spun-off’ the gears onto the casing sides and to be providing little or no lubrication to the gears.

Solutions

It should be possible to repair the secondary gear system by reaming out the torque-clutch unit and replacing the hollow plastic shaft with a brass insert, notched at the end to take the E-clip without failing, as the soft and inappropriate material has done so far. The spring will sit as designed and exert the designed force, without breaking free and pressing against the gearbox casing.  The insert will be designed so as to also meet the end-thrust forces so inadequately catered for in the design.  These are

1. The 5.1kg thrust of the torque clutch spring

2. The axial loading on the secondary gear assembly consequent on reaction to the bi-directional helical gearing.

Comments and apologies

This work is incomplete and will be polished (a lot) yet, but the main content needs to be brought to the attention of those who have a “screamer”.  

The numbers in the text above may well be approximate (e.g. motor speed) or mis-remembered (e.g. EPB tension in Newtons) but they are in the right ball-park and will be corrected over time.

There are 150 photographs on Flickr for viewing when I can get them copy-proofed and privatised.
Yours in haste

AndrewW

Andrew.taylor@zen.co.uk
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