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A:
Review of Section 1 – Introduction

This Section says:

“This program was performed at the Vehicle Research and Test Center (VRTC) at the request of the Office of Defects Investigation (ODI) of the National Highway Traffic Safety Administration. ODI opened an Engineering Analysis (EA07-010) on 2007 Lexus ES-350 vehicles to investigate reports of unintended acceleration.”

Note that it is an engineering analysis that is supposed to have been carried out. The report should therefore be reviewed in that context. 

B:
Review of  Section 2 - Objectives

This NHTSA report states the objectives the Engineering Analysis (EA07-010) as being:

· Determine whether reported incidents of unintended acceleration were caused by a vehicle system malfunction or mechanical interference

· Understand and document the effects of unintended acceleration as they impact controllability of the vehicle

· Document potential difficulties experienced by the operator while attempting to regain control of the vehicle
The first objective makes it clear that reported incidents of unintended acceleration are the subject of examination. In my opinion. readers of this report might reasonably assume that the primary focus would be on the analysis of reported incidents, that is to say reported to NHTSA and stored in their  Complaints Database. The analysis would also look at other information gathered, for example, by questionnaire  and by testing. However, this report does not appear to examine the reported incidents in NHTSA’s  ODI  Customer Complaints Database at all. I can see no good reason for this omission and I fail to understand how this report can therefore satisfy the first objective of the Engineering Analysis.

The second objective presumably relates what NHTSA discovered through their own investigation of the effects of unintended acceleration as they impact the controllability of the vehicle. The report discusses: braking against full wide open throttle (3.3.1); the 3 second delay before the ON/OFF button switches off the ignition (3.3.2); and difficulties in getting the gearbox into neutral (3.3.3). 

The third objective would appear to be to document potential difficulties apparently experienced particular by operators while attempting to regain control of the vehicle.  One might reasonably expect the difficulties experienced by owners who have already reported sudden acceleration incidents to NHTSA to be documented in the report. 

However the report does not contain any analysis of existing complaints in the NHTSA database. I find this extraordinary – after all it was the number of complaints in the database that triggered the investigation. 

C:
Review of Section 3 Project Tasks

Review of Section 3.1 Dynamic Instrumented Vehicle Testing

This section explains that a Lexus ES-350 was obtained and fully instrumented to monitor and acquire data – the list of sensors is given. It goes on to say:

“Multiple electrical signals were introduced into the electrical system to test the robustness of the electronics against single point failures due to electronic interference”.

Comment: The report has nothing to say about the nature of the multiple electrical signals that were introduced, or where in the system the signals were introduced, or what system NHTSA were testing. For example, they might have confined their “testing” to the electronic throttle control system, or they might have “tested” the vehicle electrical system as a whole. What NHTSA means by “testing the robustness of the electronics against single point failures due to electrical interference” is not at all clear.

“The system proved to have multiple redundancies and showed no vulnerabilities to electrical signal activities.”

Comment: “The system” - what system is the report talking about? This is not made clear. I note that there is absolutely no mention of the CAN bus. Why not? What is meant by “multiple redundancies”? By no stretch of the imagination could the Electronic Throttle Control be claimed to have multiple redundancy built in. There is some provision for duplicate throttle position sensors, but that is about it. To claim that the system “showed no vulnerabilities to electrical signal activities” is meaningless without defining what you mean by “vulnerabilities” and  “electrical signal activities”. 

· Magnetic fields were introduced in proximity to the throttle body and accelerator pedal potentiometers and did result in an increase in engine revolutions per minute RPM) of up to approximately 1,000 RPM, similar to a cold idle engine RPM level.

Comment: I assume that the potentiometers in question were magnetic potentiometers using the Hall effect to measure changes in throttle and accelerator pedal angles. Almost by definition Hall effect potentiometers would be likely to be upset by strong external magnetic fields. The report gives no idea of what was used to produce the magnetic fields. Did NHTSA place a permanent magnet near each potentiometer in a somewhat ad hoc manner, or did they pass an electric current through the body of the vehicle or a nearby conductor, or  use some other means? If current was passed, was it AC or DC and, if AC, at what frequencies and what magnitudes? No information of any kind is given. 

NHTSA seem to rather downplay the significance of the  rise in engine speed of 1000 RPM observed, presumably on the basis that a 1000 RPM rise is less than the rise expected with a full WOT. However, the main point is that NHTSA managed to disturb sensors by magnetic means and cause a significant vehicle engine speed change. It remains to be shown whether actual stray magnetic fields in a vehicle could produce a rise in engine speed of 1000 RPM or higher.

Section 3.1 continues:

“Mechanical interferences at the throttle body caused the engine to shut down. Mechanical interferences at the accelerator pedal revealed that the one piece, non articulating accelerator pedal assembly was easily entrapped in the groove of the rubber all-weather floor mat (Figures 2 and 3) if the rubber mat was not properly secured with at least one of the two retaining hooks (Fig 4). …. “ 

Comment:  The above statement fails to say that mechanical interferences at the accelerator pedal have dangerous consequences.  In other words, this  report fails to point out a major flaw in electronic throttle control design on the Lexus, namely that the  ETC provides no protection whatsoever against  a jammed accelerator pedal, whereas it does provide protection against a mechanically stuck open throttle. If the possibility of the accelerator pedal jamming had been foreseen by the designers and protected against by the ETC, then, just as in the case of the mechanically stuck open throttle, the engine would shut down.  The report, missing this vital point, narrowly focuses on one possible cause of accelerator pedal jamming in the fully open position, namely the alleged trapping of the accelerator pedal by the floor mat. 

An important rule of scientific or engineering experimentation is to fully describe the experiment that others may repeat it and validate it. This report fails to describe what experiments were carried out to validate the hypothesis of pedal entrapment in the floor mat and is therefore in my opinion highly deficient from an experimental point of view. 

“In many observed ES 350s, the rubber mats were stacked on top of the existing carpeted floor mats, which prevented attachment of the rubber mats and facilitated the interference failure mode. A warning is embossed on the front of the floor mat that reads ‘Do not place on top of existing floor mats”. Very few owners interviewed were able to find or read this warning (see Figure 5).”

Comment: Note that the report does not say how many ES 350s were observed, nor does it say in how many of these cases ” the rubber mats were stacked on top of the existing carpeted floor mats”. I note that no photographs of the stacked mats are provided. In fact, the report is singularly lacking in any details of the exact nature of the supposed accelerator pedal/floor mat interference.

Review of Section 3.2 Owner Surveys

This section  says:

 “…To comprehend the statistical significance of the probability for this event to occur, a survey was sent to a sample size of 1986 registered owners of a 2007 Lexus ES-350 requesting information regarding episodes of unintended acceleration. NHTSA received 600 responses… Fifty nine owners stated that they experienced unintended acceleration. Thirty five of those also reported that their vehicles were equipped with rubber Lexus all-weather floor mats and several commented that the incident occurred when the accelerator pedal had become trapped in a groove in the floor mat.  Interviews with owners revealed that many had unsecured rubber floor mats in place at the time of the unintended acceleration event, which included in some cases unsecured rubber floor mats placed over existing Lexus carpeted mats. ”

Comment: It would appear from the above that NHTSA’s objective was to determine the probability of a sudden acceleration event  in 2007 Lexus ES-350 vehicles. Out of 1986 owners circulated 600 replied of which 59 owners stated that they had experienced unintended acceleration. The report fails to point out that this means that 10% of the 600 owners replying had experienced a sudden acceleration, which is a far higher incidence rate than with the Audi 5000  or the UK 1997 Explorer. The report does not say how many interviews were carried out, nor does it say what questions owners were asked. It gives no indication of how many of the 59 owners who said they had experienced a sudden acceleration were interviewed. Nor does the report classify in any way the sudden acceleration incidents experienced by the 59 owners. NHTSA does not reveal how many incidents were from standstill, how many were when the vehicle was moving and whether the vehicle accelerated or failed to slow down, whether the incident corresponded with some driver action (for example: engaging gear, engaging or disengaging cruise control, braking etc) There is no indication of the number of repeat events and no indication of the number of sudden accelerations when the driver did not have their foot anywhere near the accelerator pedal, and so the list goes on.

Thirty five respondents reported that their vehicles were equipped with rubber Lexus all-weather floor mats, but it is not entirely clear whether they came from within the group of 59 respondents who reported experiencing sudden acceleration incidents or whether some came from outside that group. If we suppose that the 35 came from within the group of 59 respondents who claimed to have had sudden accelerations, then this suggests that 24 respondents did not have rubber Lexus all weather floor mats. The report does not give any explanation of how this sub group of 24 may have come to have sudden accelerations, seeing that they had no floor mats capable, according to the entrapment hypothesis, of holding down an accelerator pedal.

The report states that “several” respondents commented  that “the incident occurred when the accelerator had become trapped in a groove in the floor mat”. The report does not define what it means by “several”. (The Oxford English Dictionary offers amongst it meaning for several: “more than two, or three, but not very many) In the Summary, Section 4, “several” has become inflated to 35, which is the same number as the number of owners who reported sudden accelerations in vehicles fitted with Lexus rubber all-weather floor mats. No explanation is given for this inflation. 

The section concludes by saying: “Interviews with owners revealed that many had unsecured rubber floor mats in place at the time of the unintended acceleration events, which included in some cases unsecured rubber floor mats placed over existing Lexus floor mats”.  Here there is no indication how many owners were interviewed, how many had unsecured floor mats and how many had unsecured floor mats placed over existing Lexus floor mats. Equally importantly, there is no indication how many confirmed that their floor mats were firmly anchored at the time of the incident or incidents. 

It appears that those who had already reported sudden accelerations to NHTSA and whose complaints were on the database were not included in the questionnaire and were not interviewed. One might argue that they would have skewed the statistics, from the point of view of establishing the incidence of sudden accelerations among the population of vehicles as a whole. Nevertheless, in terms of establishing figures for the relative incidence of different types of sudden accelerations these database records would have proved invaluable. It would have been possible to compare the relative incidence of different types of sudden acceleration within the population of incidents recorded on the database with those within the survey.

Review of Section 3.3 Analysis of the Effects of Unintended Acceleration on Vehicle Control

This section begins by saying:

“The safety consequences of an unsecured rubber floor mat trapping the accelerator pedal with the vehicle in gear can be severe. With the engine throttle plate open, the vacuum power assist of the braking system cannot be replenished and the effectiveness of the brakes is reduced significantly.”

Comment: Here NHTSA is finally admitting the possibility of loss of brake effectiveness with vacuum assisted brakes if the throttle moves to the wide open position. This is quite a change from NHTSA’s earlier position, vide the 1989 Sudden Acceleration Report,  that the brakes will always overpower the engine. Presumably they found this out by their tests.

Section 3.3 continues with a lead in to the subsections 3.3.1 to 3.3.4,  as follows:

“During trapped throttle acceleration testing several methods to defeat acceleration proved effective but not necessarily intuitive. These methods included…” 

Four methods follow: 

3.3.1 
Application of the brake; 

3.3.2 Turning off the ignition; 

3.3.3 Placing the vehicle into neutral; 

3.3.4 Activation of Electronic Stability Control.

 I will review these four methods in turn.

Review of Section 3.3.1 Application of the brake.

“Significant brake pedal force in excess of 150 pounds was required to stop the vehicle compared to 30 pounds required when the vehicle is operating normally.” 

Comment: Here  NHTSA is finally recognizing, albeit rather belatedly, that a  potential loss of vacuum power assist may be expected with a wide open throttle condition. The report does not indicate at what speed these tests were carried out. It is pretty self evident that “Significant brake pedal force in excess of 150 pounds.” is an admission that NHTSA found that a suddenly accelerating vehicle is pretty well unstoppable if vacuum assist is lost. We may infer from this result that a driver cannot reasonably be expected to overcome the sudden acceleration by applying the brakes. The report does not elaborate on what might consume the vacuum and cause loss of brake assist, but it is well known from other sources that pumping the brake more than about twice will consume all the vacuum and seriously reduce braking effectiveness.

 The report continues:
“Stopping distances increased from less than 200 feet to more than 1000 feet.”

Comment: This is a further admission that braking capability may be reduced to a dangerous extent in a sudden acceleration incident. Clearly NHTSA has demonstrated to its own satisfaction that the brakes cannot be relied upon to bring a sudden acceleration under control.

Review of Section 3.3.2 Turning off the ignition

This section says:

“In place of an ignition key, the ES-350 uses an ignition button that removes the ability to instantaneously shut off the engine in the event of an emergency while the vehicle is in motion.”

Comment: This is a mind blowing admission that Toyota have eliminated the vital safety function that allows the driver to switch off the ignition instantly in an emergency by replacing the ignition switch with an on/off push button that has to be held down continuously for three seconds. As we will see in the rest of this section, NHTSA seem determined not to discuss  the safety implications of removing the keyed  ignition switch.

“It was found that depressing and holding the button will eventually turn off the engine after three seconds.”

Comment:  Here NHTSA describe the highly dangerous three second delay but fail entirely to discuss its significance in terms of  the potential consequences of a sudden acceleration. A 3 second delay, in a dangerous situation,  is an eternity. In my opinion NHTSA should be down on Toyota like a ton of bricks for incorporating an electronic design feature which may prolong some hazardous situations by at least three seconds and make them much more serious than they need be. NHTSA should be asking  Toyota to explain why they  have abandoned the  conventional electromechanical ignition switch, which would achieve cut off in much less than a second.

“Through the survey it was learnt that the button delay operation is not widely known by owners and because of this, drivers found themselves unable to turn off the engine when the vehicle was in motion. The owner’s manual makes general mention of the operation, but there is no indication of the three second hold requirement.”

Comment: NHTSA miss a very important point that even if the button is pressed for three seconds and the ignition switches off, there has been a three second delay since the start of the emergency. Clearly, if the driver does not know that they have to press the switch continuously for three seconds the likelihood is that they will repeatedly press the button with no effect. Who is going to think, unless they are instructed, of pressing continuously for three seconds? Almost all switches, whether push button or rocker, are more or less instantaneous. You would never be required to push a lift call button or an emergency stop button for machinery continuously for three seconds. Here NHTSA has identified that the  ON/OFF button requires continous depression for three seconds before anything happens. It has also identified that the owner’s manual gives no indication of the hold requirement. Yet the report declares these facts in such an anodyne manner that their true significance remains buried. The fact of the matter is that if it takes three seconds longer to switch off the ignition than with an ordinary ignition switch  sudden acceleration incidents in a Lexus, from whatever cause, are likely to be significantly more dangerous and likely to result in an accident than in a vehicle fitted with a conventional ignition key. Should NHTSA not be requiring a recall for the ON/OFF switch and its replacement with a conventional ignition switch?
Review of  3.3.3 Placing the vehicle into Neutral
This section  says:

“Many owners complained that the neutral gear position in the gated shift pattern was not immediately obvious, leading to unsuccessful attempts to disengage the engine from the drive wheels. On the labeled shift diagram located on the console, the Neutral N marking is in closest proximity to the “Sport” mode upshift gate.”

Comment:  Again a very significant observation by owners is reported by NHTSA. Did NHTSA follow up and investigate whether or not there was any validity in the driver’s complaints? Did they carry out some experiments, if so, with what results? The report does not say. And what is  NHTSA going to do to bring Toyota to account on this matter?

Really what NHTSA is saying in a coded way is that the gear lever and gate arrangement is ambiguous to the extent that it may not be possible to get the transmission into neutral quickly in an emergency. In other words, you cannot necessarily rely on getting the vehicle into neutral as a means of killing a sudden acceleration. So much for the failsafe switch! Should NHTSA not be requiring Toyota to come up with some way of making it easier for drivers to identify the neutral position in an emergency?

3.3.4 Activation of Electronic Stability Control (ESC)
This section says:

“It was discovered that if an emergency maneuver is executed that activates the Electronic Stability Control, such as steering around a sharp curve while traveling at an excessive speed, the electronic throttle is temporarily closed by the vehicle control module regardless of the accelerator position. With the throttle plate closed, vacuum quickly returns to the brake booster and provides a significant increase in braking capability… Additionally, ESC has the capability to automatically apply hydraulic pressure to the service brakes to aid in slowing the vehicle. When the emergency maneuver is concluded however, the ESC system returns to a passive state, and the throttle again returns to an open condition leading to further unwanted acceleration.”

Comment: It isn’t altogether clear what point NHTSA is trying to make here.  Surely not that a driver wishing to get a sudden acceleration under control should drive round and round in a tight circle in order to activate the ESC and close the throttle?  I think what they may be driving at is that:

· the capability to close the throttle electronically in an emergency already exists, witness the throttle closure by the  ESC. 

· in the event of an uncommanded sudden acceleration, the throttle could be closed very quickly by electronic means using other sensors. 

· the ESC could be adapted to provide extra hydraulic brake pressure in the event of a loss of vacuum assist.

D:
Review of Section 4 - Conclusions

At the risk of some repetition, I will now review the conclusions in Section 4:

· “Mechanical interferences at the accelerator pedal revealed that the accelerator pedal assembly was easily entrapped in the groove of the rubber all-weather floor mat if the rubber mat was not properly secured with at least one of the two retaining hooks.”

Comment: The report does not make clear exactly what it means by “easily entrapped in the groove”. What  is it about the alleged mechanism of the entrapping process that prevents the release of the pedal? Why do some mats entrap the pedal and others not?  All the emphasis is on the floor mat, but surely the pedal must play some part in the alleged entrapment process? What is it about the pedal design that makes it vulnerable to entrapment by floor mats? In my opinion the conclusion, by its vagueness, fails to make the case for entrapment by floor mat convincingly. 

The report does not state clearly under what conditions this alleged entrapment might occur. Statements by Toyota elsewhere imply that the alleged entrapment occurs when the accelerator pedal is pushed fully to the floor. However this report leaves this matter entirely open. It provides no indication of the required degree of pedal movement the limiting positions and angular displacements of the mat from its correct position, i.e. it does not define the envelope within which the process of alleged entrapment will occur. 

· “A survey was sent to 1986 registered owner of a 2007 Lexus ES-350 requesting information regarding episodes of unintended sudden acceleration. Of the 600 people that responded, 59 stated that they experienced unintended acceleration and 35 complained of pedal interference with the Lexus rubber all-weather floormats.”

Comment: Roughly 10% of the owners who responded had experienced one or more sudden acceleration incidents. This is a very high figure. But there is no comment on the possible significance of this.  What the report says in the summary is not the same as what it says in the body of the report in Section 3.2
 I assume that section 3.2  rather than the summary reflects the findings of the survey. In other words “several”, not 35, represents the number of complaints of alleged pedal entrapment. Someone who only reads the summary will wrongly conclude that all the 35 owners of  vehicles fitted with  rubber Lexus all-weather rubber floor mats complained of accelerator pedal entrapment, whereas in fact only “several” did. 

· With the engine throttle plate open, the vacuum power assist of the braking system cannot be replenished and the effectiveness of the brakes is reduced considerably.”

Comment: NHTSA is finally admitting the possibility of loss of brake effectiveness with vacuum assisted brakes if the throttle moves to the wide open position. This is significant a change in position from the 1989 Sudden Acceleration Report

· Brake pedal force in excess of 150 pounds was required to stop the vehicle compared to 30 pounds when the vehicle is operating normally

NHTSA appears to have finally recognized, albeit rather indirectly, that the driver cannot reasonably be expected to overcome the sudden acceleration by applying the brakes. In other words, the oft-repeated mantra that “the brakes will always overcome the engine” has been shown not to be true

· ESC activation may restore vacuum to the brake booster, providing a significant increase in braking capability, but only until ESC activity ceases.

Comment: This curious statement about the Electronic Stability control relates back to section 3.3.3 where it says:

”It was discovered that if an emergency maneuver is executed that activates the Electronic Stability Control, such as steering around a sharp curve while traveling at an excessive speed, the electronic throttle is temporarily electronically closed by the vehicle control module regardless of the accelerator pedal position…”

What is the point that NHTSA is trying to make here? Surely not that a driver wishing to get a sudden acceleration under control should drive round and round in a tight circle? The reader should refer back to Section 3.3.3 

· The owner survey indicated that the 3 second delay in the operation of the ignition button is not widely known by owners and because of this, drivers found themselves unable to turn off the engine when the vehicle was in motion.

Comment: A very valid and damning point. However, equally important is the fact that even if the ignition button is pressed and held down correctly  for three seconds, it will be three seconds before the ignition is switched off. This in terms of a critically dangerous situation is an eternity. NHTSA should be down on Toyota like a ton of bricks for incorporating a design feature which may prolong some hazardous situations by at least three seconds. Why are Toyota not using a conventional ignition switch which would achieve cut off in much less than a second? NHTSA do not even ask the question.

· Many owners complained that the neutral gear position in the gated shift pattern was not immediately obvious, leading to unsuccessful attempts to disengage the engine from the drive wheels.
Comment: Again a very valid observation by owners is reported by NHTSA. Did NHTSA follow up and investigate whether or not there was any validity in the driver’s complaints? Did they carry out some experiments, if so, with what results? The report does not say. And what is  NHTSA going to do to bring Toyota to account on this matter? 

I note that nowhere in this report is any mention made of the possible torque multiplication effect of the torque converter with the engine revving at high RPM during a WOT event.

E:
Comments and Conclusions

This report lacks a clear statement of the mechanics of the sliding pedal mat hypothesis. 

NHTSA appear to be hypothesizing a wedging mechanism between the pedal and the floor mat, with the mat lying on the vehicle floor, but misplaced from its anchored position. As I understand it, the alleged pedal entrapment hypothesis excludes the possibility of an over-excited  mat suddenly taking a running jump and embracing the pedal when the pedal is in the closed throttle or partially open throttle position. The  hypothesis  assumes the mat to be on the floor pan lying  in wait for the pedal, which it entraps once the pedal reaches a critical degree of depression at or near the wide open position. Thus, by definition, any sudden acceleration that occurs without pedal movement to the throttle wide open position is not covered by the hypothesis.  NHTSA are not claiming that the mat slips up over the top of the pedal and holds it down. 

In my view, the salient points to observe regarding this hypothesis are:

(a) If the mats are firmly clipped in their correction positions or have been removed from the vehicle then there can be no possible interference at any pedal position. By no conceivable stretch of the imagination can the floor mat hypothesis apply in these cases.

(b) The floormat hypothesis demands the pedal has to be depressed to the near wide open position before there is any interference with the mat. In other words, a prerequisite for the supposed mechanism to come into play is that the accelerator pedal has already been depressed to the near wide open position.  I fail to see how the hypothesis could possibly apply to any cases except those where the pedal is pushed right to the floor. 

(c) The mat must be loose and have moved to just the right position to be capable of interfering with the pedal. 

(d) The mat must then “hold” the pedal, even though subsequently the mat itself may move, otherwise the pedal will release.

It is clear therefore that the pedal hypothesis can at best only apply to a very limited sub-set of sudden accelerations. 

There are a number of complaints in the NHTSA database of delayed throttle response of several seconds. The reaction of a driver to a delay in throttle response will be to depress the pedal further. One can imagine therefore that in some such cases the driver will end up by depressing the throttle well beyond its normal operating position. Then when the throttle operates a surge in engine speed would be expected, normally corrected by the driver withdrawing the right foot to allow the accelerator pedal to relax. It is conceivable that under such circumstances it would be possible to get a mechanically stuck open throttle and a consequential sudden acceleration. In this context pedal mat sticking and throttle body sticking would have much the same effect. But note that in the electronic throttle case, there already has to be a problem with the throttle control – i.e. delayed action – before it becomes possible for the pedal to move to a position where it could, according to the hypothesis, be caught by a moving mat.  If such a scenario were to be proved to match with any sudden acceleration description(s) then this would demonstrate that:

(a) the electronic throttle control was defective, by its delayed response

(b) the pedal design was defective, by its insufficient floor clearance and its capability to become enmeshed in a floor mat 

(c) the floor mat was defective (i) by its capability of moving over time, rather than staying in place (ii) by its capability of  enmeshing with the pedal once it had moved from its designated position.

As an aside, NHTSA makes the floor mat  the scapegoat for the alleged “interference” between the pedal and the floor mat.  Present pedal clearance appears to be insufficient to allow for a slipping all weather mat to pass beneath the fully depressed pedal without interference.  In my view, if  there is an interference problem, for which this report should have provided the evidence, but  fails to do, its root cause must lie in insufficient minimum pedal clearance to the floor.. In my view what is questionable is not the floor mat design or its fixing, but the design of  pedal assembly and its floor clearance that makes it vulnerable, allegedly, to being entrapped by a rampant floor mat. 

Blaming the floor mat allows the pretence that sudden accelerations are not an electronic design problem exacerbated perhaps by poor pedal design,  but are merely an alleged floor mat placement problem that ultimately can be laid at the feet of the driver.

The problem for Toyota and NHTSA is that this threadbare hypothesis collapses in all cases where the accelerator was not pushed to the floor and equally in all cases where the floormat had been removed, or has never been present, or can be demonstrated to have been correctly installed.  

This  report lacks any analysis of the sudden acceleration complaints reported to NHTSA for the 2007 Lexus ES-350. 
 Even a cursory examination of these complaints shows that there are a whole variety of different kinds of sudden acceleration incidents reported. I conclude that NHTSA have not analysed these complaints because of the likelihood that they would show that  a number of  complaints do not fit the hypothesis at all. For example, in the NHTSA  database there are sudden acceleration complaints where either the floor mats had been removed or were confirmed to have been properly located at the time of the incident. This report conveniently ignores all such complaints. One wonders therefore: what is the point of having a complaints database.

The Report seems to visualize “interference” between the accelerator pedal and the floor mat is being in some way different from what they describe as a” vehicle system malfunction”. In my opinion “interference” between a pedal and a floor mat is every bit as much a stuck throttle incident as would be the case if a conventional mechanically operated throttle had stuck open. To pretend that it is not a vehicle malfunction but “interference” is nonsensical. It is a little odd, is it not, that NHTSA make great play with mechanical “interference” any pay next to no attention to the possibility of Electromagnetic Interference (EMI). 

The Report is written in such a way as to give the impression that the alleged pedal entrapment hypothesis has been proven by experiment. Yet  nowhere does it actually say that any experiments was carried out and with what results. In section 3.1, it says that “mechanical interferences at the throttle body caused the engine to shut down”. In the next sentence it does not say, by way of contrast, that mechanical interferences at the accelerator pedal caused the engine to accelerate, but “mechanical interferences at the accelerator pedal revealed that the one-piece, non-articulating accelerator pedal assembly was easily entrapped in the groove of the rubber all-weather flooring mat …if the rubber mat was not properly secured with at least one or two of the retaining hooks..”

Now let us imagine some sort of controlled experiment in which with the engine was running and the transmission was in neutral and the mat was moved forward by small increments of say 1 mm at a time. At each increment the experimenter would fully depress the accelerator pedal and then immediately lift the right foot. Normally the engine would then decelerate. If and when the alleged entrapping mechanism came into play, the pedal would stick in the open position and the engine would accelerate to maximum revolutions. At which stage the ignition ON/OFF button could be pressed for three seconds and the engine would thereafter rapidly come to a halt.  I am of the opinion that had NHTSA carried out such an experiment and had it demonstrated to a sufficient degree the hypothesized entrapment process then they would have fully described the experiment in their report or in an appendix in such a way that others could independently verify the results. . The fact that the report does not describe such experiments,  suggests to me that NHTSA never carried out any experiments, or if they did they  failed to achieve the degree of entrapment that the hypothesis demands.  

The report identifies several methods of defeating sudden acceleration, these being : application of the brake; turning off the ignition, placing the vehicle into neutral.

· The report recognizes that the effectiveness of  application of the brake in killing a sudden acceleration is limited by the possibility of loss of braking efficiency during a sudden acceleration because of loss of vacuum assist. NHTSA appears in this respect to have changed opinion since the 1989 Sudden Acceleration Report. In my view this kills stone dead the oft-repeated mantra that “the brakes will always overpower the engine”.

· The report recognizes the potential effectiveness of switching off the ignition if the switching is done more or less instantaneously as with a conventional ignition switch. However, in this case Toyota have used an electronic  ON/OFF push button switch which has to be held down continuously for three seconds before the ignition switches off. From a safety point of view, a three second delay before the ignition trips is intolerably dangerous.  The report fails entirely to emphasise the inherent danger in having a delayed action ON/OFF switch  rather than a standard ignition switch.

· The report identifies that putting the gearbox into neutral would be an appropriate method of overcoming a sudden acceleration. However it also recognizes in this particular vehicle a serious problem in identifying  the neutral position and getting the gearstick to that position and not some other position that might be dangerous. The report fails to identify the urgent need to replace the present configuration with one that enables the neutral position to be identified and reached rapidly without any risk of confusion with other positions in an emergency. more positively identifies the 

The report fails to analyse the  sudden acceleration complaints already in the NHTSA complaints database and concentrates on a questionnaire sent out to 1986 owners, of whom 600 replied. In my opinion this is little short of scandalous because it was the complaints in the NHTSA database that gave rise to the need for the Engineering Analysis in the first place.

Out of the 600 customers  who replied to the questionnaire, 59 had experienced sudden accelerations, a figure of 10%. This is far higher than the comparable figures for the Audi 5000 and the UK 1997 Ford Explorer. Yet this figure produces no comment whatsoever in the report.

This report claims to be an Engineering Analysis. In my opinion, It is nothing of the kind.

· It fails to examine and thoroughly analyze the sudden acceleration complaints in the NHTSA database that gave rise to the investigation in the first place

· It fails to analyze properly the information relating to sudden acceleration incidents garnered from the 600 owners who replied to the NHTSA questionnaire.

· It fails to critique Toyota’s  pedal mat hypothesis and establish its strong and weak points.

·  The report does not produce any experimental evidence to back its claim that “ the accelerator pedal assembly was easily entrapped in the groove of the rubber all-weather floor mat”.

· The report identifies loss of vacuum at wide open throttle as the potential cause of a loss of braking effectiveness at wide open throttle, but it fails to point out the significance of its findings, namely that the brakes cannot be relied upon to bring the vehicle safely to a halt in a sudden acceleration incident. Nor does it come up with any suggestions as to how this dangerous loss of brake functionality in an emergency stop situation might be overcome.

· The report identifies that the conventional ignition switch has been replaced in the Lexus ES-350 with a push button ON/OFF switch that has to be held down continuously for 3 seconds before the ignition is switched off. The report fails to identify the potential consequences of this 3 second delay, namely (1) in a sudden acceleration a three second delay will allow the vehicle’s stored kinetic energy to build up and hence make the consequences of any sudden acceleration incident much worse than necessary. A three second delay in a confined space is likely to result in a crash. On the open road the vehicle will speed up considerably and the risk of a major accident with other vehicles involved will increase greatly. There is no technical need for a push button ON/OFF switch and a conventional ignition switch performs the safety function much better. 

· The report fails to suggest that reversion to a conventional ignition switch would significantly reduce the risk of a sudden accelerations, from whatever cause, resulting in serious accidents

· The report identifies a significant difficulty that drivers have in putting the transmission into neutral during a sudden acceleration event. What the report fails to say is that the design of  the gear shift needs to be changed so that Neutral can be readily identified and the stick moved to the position without the risk of going into another gear.

· The report completely fails to identify the many sudden accelerations that do not fit the floor mat hypothesis. For example, sudden accelerations in vehicles where: (a) the floor mats have been removed, (b) the floormats are proven to have been securely fixed, (c) where the driver has been traveling along in cruise and the vehicle suddenly ‘takes off’, (d) where the driver is braking and the vehicle takes off (e) any sudden accelerations where the driver did not have their foot on the accelerator pedal.  By failing to define the kind of sudden acceleration incidents to which NHTSA deems that the hypothesis might apply, the report gives a completely unjustified and misleading impression that NHTSA have proved the floor mat hypothesis to apply to all sudden acceleration incidents.

I consider that this report fails on many counts to justify its claim to be an engineering analysis. It uses the hypothesis of floor mat entrapment of the accelerator pedal as a catch all explanation for all sudden acceleration incidents whilst failing to provide solid experimental evidence of the conditions under which pedal mat entrapment could potentially occur.

 It is quite clear that sudden accelerations in Lexus ES-350s, however caused, are rendered potentially far more dangerous than they need be by:

(a) Potential loss of vacuum at wide open throttle which greatly reduces braking effectiveness 

(b) The use of an ON/OFF push button instead of a keyed ignition switch  This introduces a totally unnecessary and potentially hazardous minimum three second delay between first pressing the button and the engine switching off. The requirement to press the button continuously for three seconds in an emergency situation is, in my opinion, intolerable and indeed contributes to an increased risk that any sudden acceleration incident may result in a serious accident with possibly serious injury and death as a result

(c) The use of a gear stick configuration that is ambiguously signed and which is difficult to get into Neutral during an emergency

This report fails completely to point out that these issues need to be addressed by Toyota.

The report exhibits an obsessive preoccupation with the possibility of floor mat entrapment of the accelerator pedal. It fails to point out that any entrapment is  a function of poor design of the accelerator pedal and not of poor design of the mat.  The accelerator pedal should have been designed so that a slipping pedal mat  of whatever design would never come in contact with the pedal even if the latter were fully depressed.  In other words, the real issue is that insufficient clearance has been allowed between the fully depressed pedal and the floor pan to clear any possible configuration of slipping floor mats. 

In my opinion the floor mat hypothesis remains unproven. 

· The proposed recall of 3.8 million vehicles to have their floor mats replaced  is, in my opinion, a diversionary exercise intended to divert attention from the uncomfortable fact that with electronic throttle control there is no effective means of last resort that would enable the driver to regain control of the vehicle. 

The driver cannot rely on the brakes, because they may lose their vacuum assist. 

· The driver cannot rely on being able to  kill the sudden acceleration by switching off the ignition  because Toyota have incorporated a three second delay in the push button ON/OFF switch.

· The driver cannot rely on being able to get the transmission into neutral because of the poor layout of  the gear stick that makes it very difficult to put the transmission into Neutral in an emergency

The result is that Toyota is now putting enormous effort  into the replacement of floor mats which should be going into correcting the three above-mentioned design deficiencies. 

It is in my opinion extremely unlikely that replacement of floormats is going to make the slightest difference to the incidence or pattern of sudden acceleration incidents. If sudden acceleration complaints continue after the removal or replacement of floor mats, as there is every indication that they are doing, it will rapidly become clear how little the mats may have had to do with the incidence of sudden accelerations.

First we had the driver pedal error or foot misplacement hypothesis, now we have a reincarnation of the pedal mat misplacement and entanglement hypothesis first mooted by Audi in 1982. Both these hypotheses divert attention away from the vehicle and the potential of its electronic systems to malfunction towards either the driver’s feet or the floor mat that is underfoot. In both cases, there is an attempt to transfer responsibility for sudden accelerations from the vehicle electronic control systems to the driver. This is in my view totally unwarranted by any evidence whatsoever.

Antony Anderson
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Dr Antony Anderson CEng FIEE
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Newcastle upon Tyne
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E-mail: antony.anderson@onyxnet.co.uk
Website: http://www.antony-anderson.com
Web pages on sudden acceleration http://www.antony-anderson.com/cruise/cruise.htm
� My first reaction was that it would be unlikely that there would be  substantial stray magnetic fields near the throttle or accelerator pedal sensors. Then I remembered that the throttle plate would probably be driven by a DC motor housed next to the throttle and perhaps in quite close proximity to the potentiometer in the throttle body. In which case it is possible that there would be a significant transient leakage field produced by the motor every time the motor was switched on and before the back EMF had a chance to build up.  This matter needs to be followed up.


� “…a survey was sent to a sample size of 1986 registered owners of a 2007 Lexus ES-350 requesting information regarding episodes of unintended acceleration. NHTSA received 600 responses… Fifty nine owners stated that they experienced unintended acceleration. Thirty five of those also reported that their vehicles were equipped with rubber Lexus all-weather floor mats and several commented that the incident occurred when the accelerator pedal had become trapped in a groove in the floor mat.”


� As of 8th October 2009 there are the following complaints: 45 under VEHICLE SPEED CONTROL, 7 under VEHICLE SPEED CONTROL: ACCELERATOR PEDAL and 1 under  VEHICLE SPEED CONTROL: CRUISE CONTROL
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