INFORMATION REDACTED PURSUANT TO THE FREEDOM OF INFORMATION ACT (FOIA), 5 U.S.C. 552(B)(6)

Motor Vehicle Defect Petition to Recall All Tesla Vehicles Due to
Sudden Unintended Acceleration

Ann Carlson, Acting Administrator
National Highway Traffic Safety Administration
400 Seventh Street, S'W.

Washington, DC 20590 4 August 2023

Dear Acting Administrator Carlson,

This letter provides additional supporting information for petition DP 23-002 to reopen
investigation DP 20-001 that NHTSA denied on January 8, 2021. To provide context for
this new information, some previous information provided earlier will be included.

1. The following observations about Tesla’s Model 3 inverter hardware have been made
by R. Belt:

a. Two analog accelerator pedal signals Vsig(analog) are digitized by two different
ADC’s.

b. Digitization requires obtaining the unknown voltage values Vsig(digital) from
the numerical outputs Nsig of the two ADC’s. This requires calibration of the
two ADC’s.

c. Calibration requires digitizing the same known calibration voltage
Veai(analog) by the two ADC’s and then finding their actual numerical outputs
Neal. The ratio Veal/ Neal is then stored in digital memory and used to multiply
the measured ADC outputs Nsig to obtain the unknown voltage values
Vsig(digital) using the equation Vsig(digital) = Nsig (Veal / Neal).

d. The same calibration ratio Vca / Nea is used for both ADC’s until a new
calibration is performed minutes later.

e. The known calibration voltage Vcai(analog) is a fixed fraction of the supply
voltage for the two accelerator pedal sensors. This calibration voltage is used
when the accelerator pedal sensors are ratiometric. Ratiometric sensors,
when processed correctly, reduce errors caused by slow changes in the supply
voltages due to thermal effects.

f. If while digitizing the known calibration voltage Vca(analog), the measured
values of Necal should decrease, then the calibration equation in paragraph c
above shows that the digitized values of Vsig(digital) will increase even though
the analog values Vsig(analog) do not change.

g. When this happens, the digitized signals Vsig(digital) in both ADC’s will
increase by exactly the same ratio because both ADC’s are calibrated using the
same calibration voltage Vca(analog).

h. The two accelerator pedal sensor sensors have outputs A and B that differ by a
fixed ratio of A = 2B.

i. When the accelerator pedal is not pressed, the two accelerator pedal sensors
have non-zero outputs of about a half a volt and a quarter of a volt.

j.  When these two non-zero digital outputs are multiplied by the same fixed
ratio produced by a calibration error in the two ADC’s, then the increased
digital outputs fall higher on the same transfer curves as the original
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accelerator pedal sensor outputs, giving the false impression that the
accelerator pedal has been pressed even when it has not been pressed.

. The result of the above observations is that both digital accelerator pedal
sensor signals Viig(digital) can increase up to the maximum value of 100%
while the analog accelerator pedal sensor outputs Vsig(analog) remain at their
lowest (un-pressed) values. The increased accelerator pedal sensor signals
Vsig(digital) will mimic in every way the digital signals produced by the driver
stepping on the accelerator pedal. This can happen without anyone even
touching the accelerator pedal.

All the above observations are true and have been verified by analyzing the
actual design of Tesla’s Model 3 inverter. This verifies that the change in a
single voltage value Veal can increase both accelerator pedal signals
Vsig(digital) from the two accelerator pedal sensors for a time period that lasts
as long as the same calibration is stored in digital memory until a new
calibration is performed minutes later. Experimental verification of these
observations can be performed by operating the Tesla inverter using a lower
calibration voltage Veal. That all of the above is true is a strong indication that
an error in the calibration voltage is a cause of sudden acceleration in Tesla
vehicles. This establishes a strong need for an experimental investigation of
how the calibration voltage Vca can be changed.

(New Information). If one looks at Exponent’s report entitled
“Analysis of Toyota ETCS-I System Hardware and Software” dated
12 September 2012, it says on pages 125 and 126 that while testing a 2002 V6
Camry and a 2007 V6 Camry at idle, they found that “if the supply voltage for
the circuit generating VTA1 and VTA2 [the analog outputs produced by the
two APP sensors] drops due to a series resistance fault, then since the Hall
effect sensors are ratiometric, a drop in the supply voltage to the sensors
results in a drop in [the analog sensor outputs] VTA1 and VTA2. The
algorithm in the ECM compensates by opening the throttle further.” This
implies that the algorithm in the ECM is acting like a calibration algorithm
that increases the digitized accelerator pedal signals by the same amount that
the analog accelerator pedal sensor supply voltage and outputs decrease,
causing the throttle output to remain constant. This behavior is exactly what
is discussed in R. Belt’s papers as the normal behavior of a calibration
algorithm acting on ratiometric sensor outputs during ADC digitization. If this
is the normal behavior, then a few hundred microsecond dip in the +5V
sensor supply voltage during its digitization for calibration purposes will
cause an increase in the digitized APP sensor voltages that can cause sudden
acceleration while the driver’s foot is off the accelerator pedal, as discussed in
Belt’s papers. This Exponent reference discussing Toyota vehicles provides
further evidence that R. Belt’s explanation of the cause of sudden acceleration
in Tesla vehicles is correct. It also implies that these two Toyota vehicles, and
perhaps all Toyota vehicles with electronic throttles, may be susceptible to the
same cause of sudden unintended acceleration as alleged in Tesla vehicles
according to Belt’s papers.



m. The only thing that has not been verified yet is a cause for why the calibration
voltage Vea might change. This cause has been hypothesized to be a voltage
dip in the 12 volt supply voltage caused by the inrush current of the electronic
power steering motor when it turns on while turning the front wheels. The
following observations, some of which are new, support this hypothesis:

L.
il
iii.

v.

Vii.

viii.

Millions of GM vehicles have had transient voltage dips of less than
eight volts produced by the power steering motor.

Most of these GM vehicles use column power steering with small
motors that have static currents of about 70 amps.

Tesla vehicles are heavier and require larger power steering motors
that have higher static currents of over 100 amps.

The maximum current provided by Tesla’s 12V lead acid battery is only
about 100 amps. This is marginal for supporting the static current
requirement. But it is insufficient for supporting transient current
requirements. Tesla’s DC/DC converter cannot support transient
current requirements because its output impedance limits currents for
times as short as several hundred microseconds.

The transient inrush currents of electric motors are three to five times
higher than their maximum static currents, and generally last for
several hundred microseconds.

The transient inrush currents of electric motors like an ICE starting
motor can cause the 12V supply voltage to dip below 8 volts even with a
fully charged battery.

Tesla’s 12V batteries frequently operate with low SOC values that
produce lower voltage dips on the 12V supply bus. The low SOC values
mean there is less positive charge in the battery to negate a transient
negative current that discharges the battery. This means that with low
SOC values, transient voltage dips much lower than eight volts can be
produced.

This hypothesis is compatible with the operation of the TLF35584
power management integrated circuit (PMIC) chip that supplies the
supply voltages to the accelerator pedal sensors and the ADC’s.

This hypothesis can be verified experimentally by measuring the
amplitude and duration of the transient inrush currents produced by
the power steering motor and by injecting transient currents having a
similar amplitude and duration into the 12V supply line at known times
to determine how the calibration voltage Vea can be changed.

Another less likely possibility is that the drop in the calibration voltage Vea is
caused by a momentary failure of the connector contacts between the voltage
regulator and the two accelerator pedal sensors in which the contacts become
momentarily open. In either case, because a momentary drop in the APP
sensor supply voltage being used as a calibration voltage can cause
sudden unintended acceleration, NHTSA must conduct an
experimental investigation to determine how the calibration voltage
can be changed.












we to believe that the driver never pressed on the brake pedal to try to stop the
sudden acceleration? If we believe that pedal confusion was the cause of these
incidents, are we supposed to believe that the driver was so confused in these
incidents that he never attempted to take his foot off the accelerator pedal to
attempt to step on the brake pedal, which would have caused the brake lights to
turn on? Or are we to believe that the driver was so confused in these incidents
that he never took his foot off the accelerator pedal but didn’t even attempt to let
up on the accelerator pedal even slightly to allow regen braking to take effect,
which would also have caused the brake lights to turn on? It would seem that the
pedal confusion hypothesis forces us to believe that the drivers in these incidents
were so confused that they pressed the accelerator pedal to the floor immediately
and never let up on it for the entire duration of the incidents, which lasted nearly
a minute in time. This does not sound reasonable. It is more reasonable to
assume that drivers in these incidents were attempting to apply the brakes to stop
the vehicles. But the brake lights never came on because they were either
permanently defective or had a delay in coming on. And the reason that the
brake lights have never found to be defective by Tesla or by most drivers is that
most Tesla drivers prefer to use one-pedal driving, in which case the brake lights
are turned on by the regen system and not by the brake light switch. If someone
objects that the brake/throttle override function would have stopped the torque
in these cases if the driver was stepping on the brake pedal — an event that
obviously didn’t happen — then the answer to this objection is that brake/throttle
override is applied in response to the brake light switch turning on. So no brake
lights illuminated means no brake/throttle override activated, allowing the
torque from the SUA-caused high accelerator pedal values to continue while the
brakes were being applied. It is possible that the electric motor in the brake
booster was also de-activated in these incidents by the same voltage dip that
caused the sudden acceleration in the first place, requiring the drivers to press 3
to 5 times harder on the accelerator pedal than normal. This can be explained
further by the author upon request by NHTSA. The sudden acceleration scenario
provided by R. Belt can explain these incidents while the pedal confusion
hypothesis leads to an irrational conclusion.

. Drivers in some Tesla SUA incidents have testified that the drive motor sped up
while the driver was braking or beginning to brake. Yet, EDR logs have never
shown the brake pedal to be applied before the accelerator pedal data increased.
EDR data always shows that the brake pedal was applied 2 to 3 seconds after the
accelerator pedal data began to increase. NHTSA has used this driver’s testimony
as evidence of pedal confusion. But an alternative explanation is that the brake
pedal was actually applied earlier, with the brake light switch signal in the EDR
being delayed by 2 to 3 seconds. This can happen if there is stiction in the brake
light switch. Such stiction has been observed in at least one Tesla and in the
brake light switches of other vehicles. It may not have been observed in Tesla
vehicles to date because the brake pedal is not used much in Tesla vehicles
because of one pedal driving. Can such a stiction-caused delay in the brake pedal
EDR data be ruled out?



10. When citing evidence that sudden acceleration is caused by pedal confusion,
NHTSA must remember that direct observation of the driver’s feet during these
sudden acceleration incidents was not performed. The EDR data can only tell that
the digital accelerator pedal data has increased. It cannot tell us that this
increase is caused by the driver stepping on the accelerator pedal because the
driver’s feet were not being observed. So this is an inference, and not a direct
observation. Being an inference, there may be other reasons why the accelerator
pedal data has increased. One of these other reasons is that sudden acceleration
may have caused the increase in the accelerator pedal data as explained by R.
Belt’s two papers on sudden acceleration in Tesla vehicles. Therefore, as a result
of these papers, it is no longer reasonable to conclude that the accelerator pedal
data can increase by only one cause. Similarly, the EDR data can only tell us that
the brake light switch has been turned on or not. It is an inference whether the
driver failed to press on the brake pedal or not because there may be other
reasons why the brake lights did not turn on even when the pedal was pressed;
namely, a defective brake light switch or a delay in the brake lights turning on.
The situation is similar with brake pressure data, which Tesla has sometimes
reported after getting it directly from the brake hydraulic module. But low brake
pressure does not imply the absence of stepping on the brake pedal or the
absence of braking because there may be other reasons why the brake pressure
did not increase in an incident; namely, that the brake booster was inoperable
during the incident.

11. Have any incidents of SUA ever occurred in autopilot where the EDR data shows
that the accelerator pedal was pressed down? Normally, this should not happen.
But if it did if, it could be explained by the same cause of sudden acceleration as
proposed by R. Belt.

12. If SUA is caused by the accelerator pedal digital signal increasing while the
analog accelerator pedal signal does not change, then the brake pedal would
normally be pressed after the accelerator pedal signal has begun to increase,
because the driver either heard or felt the acceleration. In this case, the brake-
over-throttle function should cause the engine torque to stop, but only after the
brake pedal switch signal is received by the ECM. If the brake light signal is
delayed by stiction in the brake pedal switch, then the engine torque may
decrease while the brake light signal is delayed because the brake pedal has been
applied. This could result in the vehicle slowing down somewhat before the brake
light comes on while the accelerator pedal signal is still near its peak. The sudden
decrease in the accelerator pedal percent signal that follows the peak value may
then be caused by the brake light coming on after a delay, initiating the
brake/throttle override. :

It is requested that NHTSA consider the above information in its review of petition DP
23-002, and, if the petition is rejected, include specific responses to this information in
the written rejection.
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Ann Carlson, Acting Administrator

National Highway Traffic Safety Administration
400 Seventh Street, S.W.
Washington, DC 20590






