Investigation Into the Method of Ignition in Ford Brake Pressure Switches
Introduction
This investigation is a follow up on studies and testing done by NHTSA, Ford, Renaissance Engineering, and others into the fires caused by the use of a Texas Instruments pressure switch in Ford stepper motor cruise control systems.  The mode of failure of the switch has been defined and verified in all of the studies.  However, the actual method of ignition and how it affects the timing and circumstances related to fire eruption has not been addressed.

Background
Ford, in the design of their Next Generation cruise control system, incorporated the use of a brake pressure switch to disconnect the source of battery potential from the electromagnetic clutch when the brake was depressed with sufficient force.  The purpose of this switch is to disconnect the cruise control under a condition of unwanted acceleration.  The system design which incorporates this switch has the electromagnetic clutch either energized at all times or, in diesel models only, energized only when the ignition is turned on.  This design condition eliminates the need in the cruise electronics to cope with the energizing and de-energizing of the electromagnetic clutch. 

Ford utilized a brake pressure switch manufactured by Texas Instruments.  This switch is threaded into the master cylinder and is designed in such a way that the brake fluid pressure is used to open the contacts when the fluid is pressurized.  The design of the switch is such that it would, over time and repeated brake application cycles, leak or force brake fluid through the fluid barrier material (Kapton, made by DuPont) allowing brake fluid to enter the electrical contact area above the seal.  This would lead to excessive contamination of the fluid in the switch area with copper produced by corrosion of the contacts.  Data regarding vehicles which have reported switch fires from both NHTSA and Ford indicates that they have had mileage ranging from 18,000 to 250,000 miles.  A low mileage vehicle used primarily in city driving would experience substantially more brake activations than one used primarily in open road driving with higher mileage.

In researching the literature regarding normal brake fluid contamination, information was found regarding testing of corrosion in brake systems (see footnotes).  This data shows that under typical use brake fluid is contaminated with copper, iron and aluminum from the system’s components.  The brake fluid will go from non-conductive to semi-conductive through the course of regular use.  The addition of byproducts from the corrosion of the copper contact material will escalate the transition of the brake fluid into an electrically conductive material.  Further, arcing associated with the opening under load of the switch contacts will contribute to the breakdown of the fluid and dendritic growth of conductive pathways.

The currently available information verifies that the switch develops a path to ground across the contaminated fluid and through normal use and operating conditions is ignited and a fire ensues.

Current Testing
In the current series of tests the purpose was to determine how ignition of the contaminated brake fluid occurs.  The information available from Ford documents regarding their evaluation of the switch fire problem reveals that the contaminated fluid, at the time of fire, is of a “sludge” consistency.  This is information taken from Ford engineering studies in which Ford engineers have dissected switches from fire vehicles that have been only partially damaged.  In these cases the vehicle fire was extinguished before the switch was totally destroyed.  No information was available as to the actual chemical composition of the brake fluid sludge.

It was not the purpose of this testing to simulate the actual conditions of any specific contaminated brake fluid condition.  Rather, the purpose was to determine how a copper contaminated brake fluid in the Texas Instruments switch will ignite.  To do this, brake fluid was mixed with powdered copper into the approximate consistency of “sludge”.  The sludge compound consisted of a proportional mixture of 15 to 20 grains of copper powder mixed with one milliliter of brake fluid.  This gave a stiff solution which readily adhered to solid surfaces.  This sludge could then be coated onto actual plastic pieces from a Texas Instrument switch.  

Prior to the testing of the simulated circuit condition, tests were conducted with the brake fluid and copper powder individually to determine ignition characteristics under voltage application. Neither substance would ignite under application of a 12 volt drop across small amounts of the substances.  The copper powder would produce small amounts of arcing between powder particles and black dendritic growth was evident.  These dendrites grew progressively larger under continued application of 12 volts
The bench test consisted constructing a series circuit from the positive post of a 12V automotive battery to an electromagnetic clutch, then a 20 amp fuse, and then to one side of a puddle of copper sludge solution, and finally back to ground through the opposite side of the copper sludge solution puddle.  A piece of the plastic switch housing was then coated with sludge and perched in the center of the puddle.  
In the in-switch testing a complete switch was opened on one side and the sludge inserted into the cavity to contact the switch contacts.  Positive battery voltage was applied to the copper contacts at the top of the switch, and the negative contact was then made to the sludge trail at the point where it exited the switch body.

Testing results
Both testing scenarios produced nearly identical ignition characteristics.  When the negative contact was placed into the sludge arcing began between the copper powder particles.  As the arcing continued and increased, the sludge became more electrically conductive and began to heat.  The increase in temperature caused the copper to glow orange, which ignited the brake fluid which in turn ignited the plastic.  Upon initial ignition of the plastic piece the negative contact was removed thereby opening the circuit.  Even without the source of energy the fire continued and grew.

During the testing a Fluke 192 ScopeMeter was used to monitor the current draw.  The current was seen to go from the base of 0.5 amps drawn by the electromagnetic clutch alone up to readings in excess of 15 amps in random and short bursts.  These bursts were due to the nature of the changes in the sludge with heating and arcing.

Conclusions
The research and testing confirm the following.

1)
The predominantly copper contaminated brake fluid becomes more conductive over time with increased arcing between the copper contaminate particles.  The increased heating and arcing creates dendritic growth of conductive pathways which heat to the ignition point of the brake fluid.

2)
The ignition of the brake fluid leads directly to the ignition of the plastic switch housing.  Once lit, the switch housing will continue to burn without the presence of applied voltage.

3)
The ability of the switch housing to experience sustained ignition without the presence of applied voltage indicates that it is possible to have a switch-caused fire after the removal of the battery voltage.  This would be the case in a vehicle which has a brake pressure switch that is only energized when the ignition is turned on.  Under this scenario, ignition of the switch can occur while the vehicle is in operation and a fire can continue to propagate after the vehicle is parked.  

4)
When a leaking pressure switch will cause a fire is both time and use dependent.  The propensity for the ignition of the brake fluid to ignite is a function of the arcing in the sludge to create conductive pathways.  The arcing created by the activation of the switch will accelerate the breakdown of the sludge and the growth of conductive pathways.  Thus, it is possible for vehicles with low mileages that are used primarily for stop and go driving to have a switch fail and cause a fire. 

Video of testing and results is being compiled for release with this research report.

Samuel J. Sero BSEE, PE

Jared Rosenthal BSME

[image: image1.jpg]



[image: image2.jpg]



[image: image3.jpg]



[image: image4.jpg]



[image: image5.jpg]



[image: image6.jpg]


[image: image7.jpg]



[image: image8.jpg]ALL INPUTS
600V CAT Il ==
1000V CAT It

192 SCOPEMETER





[image: image9.jpg]



[image: image10.jpg]



[image: image11.jpg]



