£l T
ALWAYS LEARNING Automot ogy o PEARSON

OXYGEN SENSORS

igure 76-1 Many oxygen sensors are located in the exhaust manifold near its outlet so that the
" sensor can detect the presence or absence of oxygen in the exhaust stream for all cylinders that
feed into the manifold.
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| Figure 76-2 (a) When the exhaust is lean, the output of a zirconia oxygen sensor is below 450
mv.
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"\ Figure 76-2 (b) When the exhaust is rich, the output of a zirconia oxygen sensor is above 450
mv.
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*\ Figure 76-3 Mot conventional zirconia oxygen sensors and some wide-band oxygen sensors use
the cup (finger) type of design.
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“\ Figure 76-4 A typical heated zirconia oxygen sensor, showing the sensor signal circuit that uses
the outer (exhaust) electrode as the negative and the ambient air side electrode as the positive.
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OXYGEN SENSORS

gure 76-5  The oxygen sensor provides a quick response at the stoichiometric air-fuel ratio of
4.7:1.
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Gy AEAL WORLD FiX

The Chevrolet Pickup Truck Story
The owner of o 12998 Chaviolet plckup ruck
complamed that the engine ran leibly. It would
healtate and surge. ye! there were no diagnostic
troubla codes (DTC4). After hoars of trovblestooting
tha chnician discoverad while talking 1o the owner
that the prohiem otarted after tho trarmmisnion had
beoh repalrod, Mowsver. the transmission shop sad
that the problem was an sngine probiem and nat
related 1o the transmission

A thorough visaal inspection revested that the
front and rear oxypen sensor confectons had been
switchod. The PCM waa trying to compensate for an
alr-tusl mixtiire condition that did not exist. Reversing
tha D25 connectors reatored propes oparation of the
truch

PEARSON




OXYGEN SENSORS

®3 | FREQUENTLY ASKED QUESTION

Where Is HO251?

Oxygen sensors are numbered according to their location
In the engine. On a V-type engine, heated oxygen sensor
number 1 (HO2S51) is located in the exhaust manifold on
the side of the engine where cylinder 1 is located. @ SEE
FIGURE 76-6.
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| Figure 76-6 Number and label designations for oxygen sensors. Bank 1 is the bank where
cylinder 1 is located.
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igure 76-7 The OBD-II catalytic converter monitor compares the signals of the upstream and
downstream oxygen sensor to determine converter efficiency.
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+. Figure 76-8 Testing an oxygen sensor using a DMM set on DC volts. With the engine operating in
¥ closed loop, the oxygen voltage should read over 800 mV and lower than 200 mV and be constantly
fluctuating.
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Sl TECH TIP

Do Not Solder Oxygen Sensor Wires

Oxygen sensors must have outside oxygen to compare
with the oxygen content in the exhaust. Most oxygen
sensors breathe through the signal wire and, if soldered,
wouild block the flow of outside air to the sensor. It a
replacement oxygen sensor is used, always use the
factory replacement, using the original connectors or a
crimp-and-seal connector that will seal out any moisture
and still allow air to flow through the connector.

PEARSON

OXYGEN SENSORS

#® | FREQUENTLY ASKED QUESTION

Why Does the Oxygen Sensor Voltage Read
5 Volts on Many Chrysler Vehicles?
Many Chrysler vehicdes apply a 5 volt reference to the
=gnal wire of the axygen sensar. The purpose of this
voltage is to allow the PCM to detect if the oxygen setisor
signal circuit is open or grounded
* | the voltage on the signal wire is 4.5 volts or more, {he
PCM assumes that the sensor s open
* |fthe voltage on the signal wire is zeco, the PCM
assumes that the sensor IS shorted-To-ground
If either condition exists, tha PCM can sot a dingnoatic
trouble code (DTC)
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gure 76-9  Using a digital multimeter to test an oxygen sensor using the MIN/MAX record
function of the meter.
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.~ CHART 76-1 The test results of using a digital meter set to read minimum and maximum values
% while testing a narrow-band oxygen sensor.
* Check for an exhaust leak upstream from the O2S o ignition misfire that can cause a false lean
indication before further diagnosis.
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igure 76-10 Connecting a handheld digital storage oscilloscope to an oxygen sensor signal wire.
U Chbck the instructions for the scope bs some reauire the use of 2 e o b6 netalied in the test lead
to reduce electromagnetic interference that can affect the oxygen sensor waveform.
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el TECH TIP

The Propane Oxygen Sonsor Test

AGding propanm 1o e air inim of & rurning engee m an

wocwtait way 10 chack | th axypen serser s sl to

feact to changse in alr-fusl modre, Folow thess stens n

perfomng the propane tick

1. Connect & digital storags estilloscope to the oxygen
sermr sljral wre

2 Start e operata the engme goll il meches oparting
feergieratien and is o closed o000 Lel contrl

0 Vs wniching the scope display, sdd some propans

10 the e mint. Thiv scope dinplay sholld rnd Sl rich

oo 800 i)

Shust off the propane. The wavwiomn shouid drep 1o

s than 200 mV 02 W

Quickly ackd boerm propate whils 1 oxypen tonsor s

fmausng fow snd witch for 8 rpd traseton 1o nch. The

Trurion steid occur in less than 100 milkseconds (),

-

@

PEARSON

OXYGEN SENSORS

ﬁ REAL WORLD FIX

How Could Using Sliicons Sealer on & Valve Cover
Qashet Afteet the Oxygeh Sensor?

The wiong type of sikcons room ismperatins
vucanization (RTV} ssder on a valve cover gaket
gives of hanmiul silea fumes duting tha curing Divcass.
Thesa funas sntar fhe (/ankeass arsa by way of the ol
demintiack holes in e cyfinder head an wall an through
pusbrod openings and othet pissagns 7 e sogine
Dvring engma aparition, theee fumes are drawn nto the
intake manifois throogh he positive crankcuse verditation
(PEVI systam and s bumed i 2w sngine. The harbs
shion then exits frough the axhaust syalam, whers the
contarmnation wects the cuygen sermor

NOTE: U carwiul net Lo sprey sy uilicoom lubri-
sl Opar the sngine st Whech gt dr
e Nirrws Inte fhe angne and caves siics damags

to the cxygn sensor,
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"+ Figure 76-11 _The waveform of a good oxygen sensor as displayed on a digital storage
* oscilloscope (DSO). Note that the maximum reading is above 800 mV and the minimum reading is
less than 200 mV.
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*\ Figure 76-12 The post catalytic converter oxygen sensor should display very little activity if the
catalytic converter is efficient.
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" Figure 76-13 A conventional zirconia oxygen sensor can only reset to exhaust mixtures that are
richer or leaner than 14.7:1 (lambda 1.00).
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“\ Figure 76-14 A planar design zirconia oxygen sensor places all of the elements together, which
allows the sensor to reach operating temperature quickly.
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? FREQUENTLY ASKED QUESTION

How Quickly Can a Wide-Band Oxygen Sensor
Achieve Closed Loop?

In a Toyota Highlander hybrid eiectric vehicle, the cpera-
tion of the gasoiine engine 1s detayed for a short time
when the vehicle is first driven, During this time of electric
opearation, the oxygen sensor heatars are turned on In
readiness for the gasoline engine starting. The gasoline
engine often achieves closed-loop operation during
cranfing because the oxygen sensors are fully warm and
ready 1o go at the same time the angine is started. Having
the gasoline engina achieve closed loop quickly, allows it
to meet the stringent SULEV standards.
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" Figure 76-15 The reference electrodes are shared by the Nernst cell and the pump cell.
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" Figure 76-16  When the exhaust is rich, the PCM applies a negative current into the pump cell.
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" Figure 76-17 When the exhaust s lean, the PCM applies a positive current into the pump cell.
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"\ CHART 76-2 A comparison showing what a factory scan tool and a generic OBD-II scan tool might
display at various air-fuel ratios.

FACTORY SCANTOOL OB IISCANTOOL  AIR-FUEL RATIO
250V 050V 12.5:1
300V 060V 14.0:1
330V 066V 14.7:4
350V 070V 16.5:1
400V 0.80V 18.5:1
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"\ Figure 76-18 Testing a dual cell wide-band oxygen sensor can be done using a voltmeter or a

" scope. The meter reading is attached to the Nernst cell and should read stoichiometric (450 mV) at
all times. The scope is showing activity to the pump cell with commands from the PCM to keep the
Nernst cell at 14.7:1 air-fuel ratio.
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"+ Figure 76-19 A single cell wide-band oxygen sensor has four wires with two for the heater and
¥ two for the sensor itself. The voltage applied to the sensor is 0.4 V (3.3 — 2.9 = 0.4) across the two
leads of the sensor.
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“\ Figure 76-20 The scan can display various voltages but will often show 3.3 V because the PCM is
controlling the sensor through applying a low current to the sensor to achieve balance.
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