Ford Electronic Throttle Control

By Glen Beanard technical contributor
What was wrong with a cable?

Asif asimplecable linking the gas pedal to thethrottle plate wasn’t good
enough, engineer s have now madethat design complicated too. Why do engineers
do these thingsto us? That expensive throttle body can’t cost lessthan a cheap
littlethrottlecable; or can it? Arethereany advantagesto the manufacturer or
the consumer with such a design? Let’s examine the system and see.

IntheFord ETC system, the PCM directly controlsthe position of the
throttle plate by use of a DC motor. A redesigned throttle body, coupled with a
redesigned PCM, aredesigned throttle position sensor (has 2 position sensors
inside of it), and the addition of an accelerator pedal position sensor (APPS) make
up the ETC system directly. The ETC system replaces thethrottle cable and
brackets, IAC valve and it’swiring, cruise control servo, plus somewiring for the
cruise system aswell. The only part of the ETC system that istruly new
(excluding redesigning) to the gasoline vehicleis the APPS, and it hasbeen in
serviceon the DI diesdl for years. So with that considered, what appearsto be
mor e complicated on the surface, is actually less elaborate when viewing the
entire scope. It might cost lessto build too.

The principlereason for using the ETC system is for improved drivability
through itstorquebased strategies, which take better advantage of VCT and
transmission shift strategies. There are however, other benefits. It allowsthe PCM
to limit vehicle speed and enginerev through throttle control, rather than
inducing misfires. Also, adding factory cruise control to a vehiclethat wasn’t
originally equipped with cruise becomesa snap; Simply replace the steering whedl
(in some cases replace the clock spring too) and “tell” the PCM it has cruise, with
a capable scan tool. Nice huh?

The ETC system also helps pavetheway for future design changestothe
vehicle's passenger compartment aswell; such asthe consumer being ableto slide
thevehicle controlsto the opposite side of thedash. ETC also makesit possiblefor
thetraditional throttle pedal to be eliminated all together by replacing it with
hand controlson the steering wheel. That featur e holds obvious potential for
dealer or factory equipped handicap driver applications.

Now that we have talked about the names of the parts, let’s see how they
operate.

AFFS wadrea

o ol
o il
o> e LEAROEN ETC Functional Diagram
s I
PCM o T e
TAE Bl sraiiall
' — ™ TR
Tha attle Mabs
Pty 6 seats aller)
]
L -
Mslajendend -
Plagyidliey Chack (95
R LT Ll
FOM mgnits siach as
[TTERY =N
[ FeeSre———

Mty sson ey (e o sne

Ford ETC Theory and Operation

Based on the APPS input, the PCM changesthe angle of thethrottleplate
by directly actuating the DC motor mounted to thethrottle body assembly. The
TPS, mounted on thethrottle body, provides feedback to the PCM of thethrottle
plate position. The purpose of the TPS has been modified in the ETC system from
that of the cable type system. Rather than being the source of driver throttle
demand information, the TPSis now simply for the PCM to be ableto monitor its
own actionswith thethrottle plate. The APPS sensor is now what representsthe
driver’sthrottledemand. Which is something to keep in mind when reviewing
fault code freeze frame data.

The APPS
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(Figure #1)

The Accelerator Pedal Position Sensor (APPS) mountsto thetop of the
throttle pedal (photo #1). Inside of it arethreeposition sensors and two return
springs. The position sensor s send an analog DC signal to the PCM, asyou can see
infigure#1.

The PCM usesAPPS1 asthe primary indicator of thedriver’sthrottle
demand. APPS1 usesa negative slope. | n the at-rest position, APPS1'svoltageis
high, usually starting around 4.0 volts. Asthe pedal is depressed, the voltage
lowers. With the pedal fully depressed, the voltage valuewill typically read just
under 1.5volts. APPS2 is used to cross-check APPS1 against. The positive slope of
APPS2 provides a moretraditional position sensor behavior when viewed on a
scanner. The voltage readings of APPS2 startslow in therested position, and rises
asthepedal is depressed. In theevent that APPS1 wereto fail, the PCM then
looks at APPS2 as the source of driver demand information. If APPS1 and 2 don’t
agree, APPS3isthen used to cross check APPS1 and APPS2 against. The two
return springsinsidetheunit, help ensurethe pedal will fully returnin the event
one should break or weaken. Trouble codes P2122, P2123, P2127, P2128, P2132,
and P2133 are APPS sensor circuit continuity tests. Those codesall point to an
open or short in the APPS circuits. Codes P2121, P2126, and P2131 are all related
tothe APPS performance or range. These codes ar e set when the PCM “sees” a
signal from one of the 3 APPS that is present and active, but is not in the specified
range. Codes P2138, P2140, and P2139 are APPS correlation codes. These ar e set
when the PCM “sees” a discrepancy between 2 or more APPS readings. All of
these codeswill set a ETC lamp (wrench light or failsafe message), but not aMIL
light (check enginelight). These circuits are monitored continuously. The PCM
will indicate any one of these faultswithin one second from the start of the
condition.

The ETC Throttle Body Assembly

The electronicthrottlebody (ETB) isvery similar to the cable operated
throttle body, with a few notable changes. Among the most noticeable of changes,
isthe addition of thethrottle actuator control motor (TAC). The motor isused to
open and close thethrottle plate based on direct command from the PCM. On
Ford products, themotor is currently located either on the side of thethrottle
body or underneath, depending on application. There areonly 2 wiresto the
motor. Asyou can seein photo #4, rather than simply bolting themotor totheside
of atraditional throttlebody, thethrottle body is specially molded for mating with
themotor. The TAC motor turnstwo reduction gearsinside of the throttle body
that link thedrive gear from themotor tothethrottle plate shaft. Although the
motor can beremoved from thethrottlehousing, it isnot currently considered to
be serviceable separ ate from thethrottle body. Another changetothethrottle
body isthe absence of thel AC motor and thetiny drilled holein thethrottle plate.
Thisis becauseidle speed is controlled completely by throttle plate anglein this
system. Thethrottlebody hastwo springsinside of it. Oneis for throttleplate
return, and theother isa“limp home” spring. Thelimp homespring is set to
open thethrottleabout 8 degreesif the power to the DC motor islost. Thiswill
result in an air flow equal to a high idle and will produce about 30mph constant
speed. However, idle RPM will not be high becausethe PCM will induce misfireto
lower theRPMsat idle.

Onething that doesremain, is Ford’s age old warning not to clean the
throttle body do to the presence of a coating that could be damaged by the
cleaner. However, sincethethrottleplate is capable of supplying a much larger




guantity of air than any | AC valve ever could, this system will not be effected by
carbon inthethrottleborein the same manner as a cable operated throttle body.
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(Figure#2)

The TPShas been redesigned for ETC. The sensor is now actually two
sensorsinside of one housing; TPS1 and TPS2. TPS1 is viewed by the PCM asthe
primary sour ce of throttleplate position under normal conditions. Noticein figure
#2, TPS1 behavesin reverseto thetraditional TPS, it hasa negative slope. In the
at-rest position, thevoltageis near the5 volt reference voltage. Asthethrottle
plate opens, thevoltage from TPSL1 lowers. TPS2 is used to cross check TPS1
against. It is also looked at by the PCM for small throttle angle changes, because it
has better resolution than TPSL. In the event that TPSL1 fails, TPS2 becomesthe
PCM’sprimary source of throttle plate position. The voltage from TPS2 behaves
in thetraditional manner. In theat-rest position, the voltageislessthan 1 volt and
raisestoward reference voltage asthethrottle plate opens.

TPS1 and 2 do not mimic each other in voltage value. Asyou can see, the
slope angle of TPS2 is about twice that of TPS1. TPSL1 provides a signal that
coverstheentire sweep much thesameastheolder version TPS on the cable
operated system. Theonly real differenceisthat it isanegative slope. TPS2,
however, reachesits peak voltage twice asfast. The voltage slopes change at
different ratesto further isolate TPS1 from TPS2 in the PCM’s“ eyes’.
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Asyou can seein photo #2, thereare 4 wiresgoingtothe TPS. Thereisone
5volt reference, 2 signal wires, and one common sensor ground.

Trouble codes P0122, P0123, P0222, and P223 all deal with TPScircuit
continuity problems such as shorted or open circuits. Thesewill set theETC
war ning indicator and the MIL lamp both simultaneously. P0121 and P0221
indicate range and perfor mance problems, such asone of the TPSreadings being
present, but out of spec. They will set only the ETC warning indicator. Code




P2135 points to a correlation problem between the 2 TPS readings. This code will
only illuminatethe ETC indicator aswell. The TP monitor is also continuous and
will set afault in lessthan 1 second from the start of thefault.

The Black Oak Power PC

The PCM hasreceived an upgrade and a new name, the Black Oak Power
PC (photo#3). The Black Oak Power PC isdesigned to run an ETC system and
has some extra computing speed and processor s, some new diagnostic codes, and
some new strategiesinside and out. Refer to the ETC functional diagram.

Insidethe PCM is an E-Quizzer. The E-Quizzer acts asa watchdog inside
the PCM. Itsmain job isto monitor thel PC and the main processor. It also
monitorsthe APPS sensors at idle, comparesthem tothe TPS at idle, and usesthis
information to “decide” if the PCM is making theright “decisions’. The E-
Quizzer can deny fuel and ignition if it “sees” an unexpected value.

Another addition to the PCM is athrottle plate position controller (TPPC).
It'sjob isto control theactual throttleplate position so that it matchesthedesired
position.

The TPPC monitorsthe TPS1 and TPS2 and controlsthe TAC viatheH-bridge.
The throttle plate position monitor runs continuously, and can set afault in less
than five secondsfrom thestart of thefault.

The H-bridge, also called the H-driver, isthedriver portion of the PCM for
the TAC. It is capable of sending a positive and negative polarity voltageto the
TAC.

The PCM hasan independent plausibility check (IPC) that inspects
powertrain torque and comparesit against thedriver’'sdemand. The IPC is a self
examining softwar e that helps to determine the health of the ETC system anytime

the engineis running, and is the primary monitoring function which is on the
main processor.

Rev, vehicle speed, and torquelimiting are not new PCM strategies.
However, theway that ETC PCM achievesthese thingsare. The PCM now has
it’s“choice” of how to control enginerpm. The PCM’sfirst “ choice” isto limit
RPMS and vehicle speed by thethrottleplate position. This producesa smooth
feelingin enginelimitation. Thismay also produce a new description to an old
customer complaint. If the PCM “ sees” wheel slip on traction control equipped
vehicle, over rev, or over speed, the customer will likely not notice a “ skip”.
Instead, they will notice a momentary vehicle slow-down, or the engine not
increasing speed with the pedal, or a“flat spot* in thethrottle In theevent of a
malfunction that hindersthe PCM’s ability to control thethrottle plate position,
the PCM still usesignition and fuel toinducea misfire, or even total engine shut

down asa 2" and 3" option respectively.

There are somefault codesfor the ETC system that only point toa
strategic modethat the PCM entered. In all failure modes, the*wrench” light, or
“enginefailsafe mode’ message will be displayed. In most cases, the* check
engine’ light will also beilluminated.

DTC P2104 - Forced Idle Mode

In thismode, thethrottleplateis limited toidle speed and limited vehicle
speed (about 30mph) only. Thiscan be caused by 2 or more APPS sensor failures
or astuck throttlerelated DTC.

DTC P2105 - Forced Engine Shutdown

In thismode, thefuel injectorsand fuel pump ar e shut off. Thiscan be
caused by internal PCM problems such asRAM, ROM, or E-quizzer faults.

DTC P2106 - Forced Limited Power

In this mode, some customers, may not notice a differencein running,
depending on their driving habits. However, a differencewill exist. The engine
power will be limited to lessthan maximum. There will be no cruise control. Also,
the engine RPM swill be limited, but can still beincreased by pressing throttle
pedal further. Thiscan be caused by onethrottle position sensor out of range or
two that disagree with each other. A mass air flow, output shaft speed, or crank
position sensor out of range can causethis, aswell asa failed turbine speed
sensor. If theactual enginetorque exceedsthe demanded torque, or if thereis an
E-quizzer or PCM failureafter power up thismodewill be set. Thiscan also
happen if the ETB motor circuit has high resistance, or if thethrottle plate doesn’t
fully return to an idle position when thethrottle pedal is at theidle position.

DTC P2110 - Forced Limited RPM Mode

The throttle plate will be set to an idle RPM, however, if the ETB motor
has power, then theengine RPM s can beraised by pressing the accelerator pedal.
The cruise control will also be disabled. Thisfailure mode can be caused by 2
throttle position sensor s out of range. An improperly wired ETB motor or TPS
can set thismode, aswell asa stuck throttleplate. If the TPPC looses control of




the throttle plate, or “thinks” it did for any of the mentioned external reasons, or
for an internal PCM reason, this mode will be entered.

DTC P2110 and P2104 set together - Forced Limited RPM and Forced Idle Mode

With or without power tothe ETB motor, thethrottle plate will be forced
toan idle position. As aresult, thevehicle speed will belimited to a low fixed
speed. Naturally, thecruise control will be inoperative asthe throttle control will
be base on a zero throttle position. This can be caused by TPPC failure, two TPS
failures, or two or more APPS failures. Also, the PCM can experience internal
faults such as E-quizzer and communications faultsto set thismode. Should the
ETB or TPSheimproperly wired, the PCM will enter this mode aswell.

No Effect on Drivability mode

Thismode may be entered if only one APPS sensor fails, or if thereisa
PCM software problem.
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(Photo #8)

Photo #9




(Photo #10)
Asyou can see, a code 2106 doesn’t automatically mean that the fault exists
in a dedicated ETC component. In photo #10, you can seethat this ‘05 Expedition i g
has set a 2106. Check enginelight illuminated and “ Engine Failsafe M ode” ima Ste rte ch
message was displayed on the message center (photo #8). What set the 21067
Noticethe MAF code and thel AT code. Looking at photo #9, we seethat the mass
air flow sensor had been found by the PCM to be out of range at thetime the code
was set. Sincethe ECT system istorquebased and MAF sensor isrequired for the
PCM to calculatetorque, the disconnected MAF didn‘t just set MAF and |AT
codes, but it also sent the PCM in to an ETC failsafe mode, code P2106.

Photo #7

(Photo #5)




(Photo #11)

In another instance, an F150 camein with aforced idle and limited RPM
condition. The wrench light wasilluminated. The engine was not responsive at all
tothethrottle pedal. The throttle plate was defaulted to the 8 degr ee setting.
When the vehiclewas not in motion, the PCM would induce a misfireto bringthe
RPMsdown toidle speed. Then, when in motion, the PCM would stop inducing
the misfireto providea high-idle condition which would provide a top speed of
around 30mph. Codes P2110 and P2104 were both set (see ETC photo #5).
According to thedescription and operation, and considering the most likely, the
suspectsare APPS, TPS, and internal PCM faults. When scanning the APPS and
TPS, both PIDs were normal and resembled the examples shown earlier in figures
1 and 2. Thewiring wasthen checked between the TAC and the PCM asa
precaution by unplugging thelead tothe TAC and measuring at the open ended
harnesspigtail. Thisquick test showsthat at least thewiresare not open (photo #
7). Thisvoltageis normal to be found on both leadsto TAC with key on, engine
off. The cause of thetruck’slack of throttleis found in that funny looking code
back in photo #5. The code PO60B is part of a newer line of trouble codesthat will
be more common in the coming years. PO60B is for “Internal control module
analog to digital processing performance’ see photo #11. Simply put, the PCM
recognized a fault within its analog to digital converter. That PO60B is part of a
new line of codesthat will continue to grow astime goeson. Another of theseis
P060X for “internal processor failure’. Asyou can see, thelittleletter at theend
of the new codes does make a significant difference, because a PO60 is a completely
unrelated description of “HO2S Heater Resistance (Bank 2, Sensor 2)”.

The ETC system is popping up in vehicles everywhere, Volvo, Volkswagen,
Isuzu, Gm, Chrydler, etc. The description and operation of these systemsarevery
similar, but not perfectly identical. Be sureto always consult you infor mation
sourcefor each make and model that you are servicing. Never assume just
becauseit is similar, that it is the same.




