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Catalysers, lean burn and the oxygen sensor

I's some time since this column looked at this interesting subject, so this month I've decided to
do so. Among other things we look at the feasibility of making your own PC-controlled Oz sensor
test meter and signal injector, prompted by the availability of a high grade oxygen sensor.
However | also explain why you have to use some care in interpreting the readings from any of

these simple testers.

In the bad old days before catalyst
rechnology, some of the more adven-
turous vehicle manufacturers attempt-
ed to achieve pollution control by
means of the “Lean Burn® principle.
These engines typically ran mixture
strengths around the Lambda 1.3 mark
(19:1 AFR).

The Lean Burn svilem

Any design that incorporaies protru-
sions into the combustion chamber
must also be redesigned, to eliminate
the chance that the inevitably higher
lemperatures which accompany the
lean burn chemistry could ignite the
mixture al an inconvenient moment
(pre-ignition).

and carbon monoxide, plus oxides of
nitrogen) is clear.

There was an argument that oxides
of nitrogen emitted at that point in the
drive cycle {(between towns) didn't
matter. However the residents of sub-
urbia close to freeways may lake a
different view. don’t you think?

Mow that emissions leg.

was notorious for “flat spot-

ting' and generally behav- 100
ing badly in awkwiard situa-
tions — often from standing
starts or halfway across an a0

intersection! While the con-
cept was good, the emission
of oxides of nitrogen was
unacceptably high, and with
engine management §ys-
lems being in their infancy, “
the precise control neces-
sary to Keep these designs -
running at constant peak
efficiency was simply
unachievable.
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islation has tightened even
Further, the adoption of cat-
alytic converters in the
exhapst stream has meant
== thiat the consumer enjovs o
More responsive engine —
although at a small sacri-
fice of escomomy, As vehi-
cle emissions legislation
| stands at the moment, cats-
' lyst technology is coping
very well and most manu-
i facterer's emissions laby
are pouring their resources
into improving the fuel
economy of their model

To try and convert a con-
lemporary engine to run at
the kinds of airffuel ratios
for Lean Burn is a major
undertaking. Today's
engines simply won't run above
Lambda 1.2 (17.5:1 AFR). However,
some manufacturers are returning 1o
the Lean Bumn pathway (notably
Toyota and Honda), and with special-
Iy designed  combustion chambers
are running mixture strengths of
Lambda 1.4-1.6 (20-22:1 AFR). These
designs require a completely new
approach to the combustion chamber
design, with special attention 1o elim-
inating crevices — such as the sharp
valve clearance “flycuts’ in the piston
crown in some high compression/
vialve angle applications.
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operation, providing the engine keeps feeding bursts
of fuel known as the ‘Lambda Frequency

Ausiralia).

The. Lean Burn concep! has been
revived by our own local manufactiur-
ers for the average vehicle, but when
opgrating under certain conditions.
When the right conditions are met,
such as constant speed over 100km/h
for five consecutive minutes, the
firmware in the ECU begins to reduce
the injector pulse width and operate
the engineg in the ‘Lean Bum' mode.

This gives great fuel savings during
highway driving, but the emissions of
oxides of nitrogen tend to rise dra-
matically and the need for a three-
waty catalyst irestment (hydrocarbons
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line-up.

The purpose of all this
preamble is to set the back-
ground and lead into an
explanation of the function
of the oxygen sensor in more detail.

In the January 1994 edition of EA,
my predecessor Al Younger presented
an article on the ‘King of all Sensors’
— the oxygen sensor, Included in the
story was 8 design for making vour
own 02 sensor tester, with a len-LED
display. In reading back over the story |
couldn’t help noticing a gap in the
information that Al presented, and as a
consequence there seemed 10 be a need
for another anticle that goes into more
depth. S0 here goes!

As Major Al quite rightly pointed
out, the catalyser has a maximum effi-




ciency rating of about 90 to
95% at almost exactly the
stoichiometric point. To run
the catalyser in its best
operating band it most be
fed a small amount of car-
bon monoxide and hydro-
carbon, 1o keep it ‘lit’, The
ECU therefore maintains a
routine of varying the pulse
width of the injeciors very
slightly when in light throt-
tle conditions, to provide *fuel” for the
catalysing process,

In medium to wide throttle condi-
tions, there is plenty of excess fuel
escaping from the combustion cham-
bers to keep the catalyst furnace fairly
roaring. | mentioned a small sacrifice
in fuel economy for catalyst technolo-
gy, and it should be quite plain now
where the extra fuel is going.

Fig.1 shows the conversion efficien-
cy of a three-way catalylic converier
with a Lambda frequency of 0.5Hz,
showing how well the sysiem can
work when the complete engine man-
agemeanl plan comes together.

As some of this column’s readers
may be aware, a pumber of On
sensor testers have recenily appeared
on the market, purporting to inter-
pret the sensor voliage oulpul into the
corresponding percentage of 02 plus
Lambda or AFR values. Furthermore
some testers have appeared with their
own sensors built into a manifold
irather than use the vehicle’s own
sensor}, which attaches into

the wmilpipe. =
It is important to note my

however, that these lesters
must he used in conjunciion
with a Gas Analyser and
some form of Engine
Analyser, before firm con-
clusions can be drawn from
the readings.

Inguiries by yours truly ar
Robert Bosch Australia E
have unearthed a special g
purpose DXygen sensor with
some interesting additional
benefiis. Designed espe-
cially for research, the
DXYEEN SENSOT in guéslion
was built to provide the
input for the Bosch LA2Z
Lambda Analyser.

Unfortunately | only have
the information aboutl the
LA2 Lambda-Anzelge in
German, so | won't reprint it

s sch.
almos! com matal casing sround the sen
{Courtesy Bosch Ausfralia).

fit. (Mavbe Bill Gates will consid-

er a iranslalor as part of the nexi
Word Upgrade?)

Luckily the info on the sensor itself
was in English, and combining this
with a range of source material from
other Bosch publications and notes
from some Society of Automotive
Engineers seminars, 1 am able o pre-
sent a bit more detail here,

Special sensor

The first thing that strikes you aboul
the sensor is its four wires, rather than
just one or perhaps three for a healed
device. The *0 258 104 002 Oxvgen
Sensor’ was designed principally for a
wide range of test applications, with
good resistance to thermal and physi-
cal shock by means of the protective
metal ‘thimble® covering the outer
ceramic electrode. ;

This *full metal jackel’ casing
around the tip (see Fig.2) means that
exhaust-borne contaminanis are less
likely 1o damage the sensor, and brief

exposure  (several dyno
rups) 1o leaded fuel
should be well within its
operating tolerances.

S0 how does il work,
you ask? A small hole
about 1.5mm in diameter
in the ¢nd of the sensor
tip allows sufficient in-
gress of the sample gas o
ensure & rapid response
(50ms a1 BOOD=C),

Given the exhausi gas speed
through most automotive tailpipes
under driving conditions, the reduc-
tion in size of the sampling orifice is
not a significanl impediment to the
speed of analysis when balanced
against the benefits of sensor longevi-
ty and resistance to contamination.

The output from the sensor fits the
standard for all ‘solid electrolyte’
Zirconium Oxide (£r02) 1ype sensors,
with the characieristic “step’ profile
from rich to lean at the Lambda 1
point {Fig.3).

What is lambda?

Al this point perhaps, | should go
into more of an explanation about the
meaning of Lambda (A). Essentially it
is the ratio of the gciual sir-fuel ratio
divided by the /deal air-fuel rato.

For example if the actual AFR was
say 14.5 and the ideal for leaded fuel
is 14.7:1, then the Lambda value
would equal 0.986. Conversely by
working the formula backwards, mul-

tiplying 14.7 by 0.8, for

Voltaga charsctoristc
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example, gives us the rather
rich mixture composition of
' Il.76:1 AFR.

The only thing 1o bear in
mind is that the ideal AFR
is not the same for all fuels.
CNG (compressed natural
! gas), for example, redches
| the siichiometric point at
16061,

Sensor voltage

, Before we start to get 100
far into the nitty gritty of
whal the 02 vollage read-
ings represent, it is as well
o offer a word ol caulion,
At the high end of the scale
(0.7 - 1.0 volts) il gels
increasingly difficult 1o be
certain of the actual oxvgen

0o 098 10 105 1

Excess-uir lactor A

content in the sample gas.
Although the sensor voli-
gge keeps rising 05 the

here just now as my spell
checker will probably have a

t reductions in

Fig.3: Significan poliution levels are
uaﬁlg catalyst technology. (Courtesy Bosch Ausiralia).

fucl mixture gels richer, the
pxygen concentration hov-
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ers around the 0.2 - 0.3% mark before
the catalyst.

Generally speaking, at rich mixture
concentrations, the hydrocarbon con-
tent rises. This cools the sensor and
has a significant effect on its out-
put of the sensor. Despite the heat-
ing element altempting to Keep it
above the minimum operating tem-
perature, variations occur that make
it hard to be sure of the actual per-
centage (see Fig.4).

Not only that, but at the rich end of
the operating spectrum for petrol
engines, the exhaust oxygen concen-
tration changes very little from exces-
sively rich (A<0.85) to the lean end of
best power (A=0.95), Taken in isola-
tion therefore, the 02 readings alone
can be a bit misleading, as there are
many contributing factors that come
into consideration.

The more expensive exhaust gas
analysers on the market today go inta
a great deal of software contortions 1o
come with a meaningful Lambda and
AFR figure, based on measuring more
than just one gas. So that's why some
discretion/experience must be used
when diagnosing your car with the
oxygen sensor only. Specialist vehicle
repairers use expensive equipment for
the very good reason that their reputa-
tion depends on it giving them the
truth, the whole truth and nothing but
the truth!

Having said that, there is nothing
o stop you from checking that
your vehicle is in a good state of
tune, including an exhaust gas test
(preferably with printout) on a
dynamometer at your local tune-up
specialist, to establish a starting point

from which to ‘take off and land’ with
your DIY diagnosis.

The voltage curve

If you look at my chart in Fig.5, you
will observe the linear *Oxygen ver-
sus Lambda' response of the sensor
from Lambda 0.95 to 1.4. Out of
necessity | have reduced the chart to
fit the magazine; however you can see
the six plot points making up the
curve, and as we don’t really care
what happens after Lambda 1.3, |
think we can ignore the rest.

The voltage output from the sensor.
on the other hand, is not so obliging
when it comes to nice clean linear
responses. Looking at the chart in
Fig.3, the characteristic stepped volt-
age output from Lambda 0.92 o 1.1
looks the same as other zirconium
oxide sensors.

Twin sensors

| was recently made aware of a new
design using one sensor before and
one sensor after the catalyser, on 2
sophisticated system fitted to an
imparted exotic. Now I'm only sur-
mising about the implications here,
but it seems to me that the only expla-
nation can be & sort of ‘double check’
by the ECU 1o see if the catalyser is
functioning properly.

If the oxygen level before and after
the catalyser is the same, then it is
safe to assume that there was no
change in the levels of CO, HC and
NOx concentrations, and the ECU
needs to ‘relight’ the catalyser, When
the ‘cat’ is hot and functioning cor-
recily, the excess air left over from
combustion is used up within the

catalyser monolith during the conver-
sion process, leaving a close to zero
level of Oz.

By monitoring the ‘before and
after” difference in oxygen, the ECU
can more accurately control the effi-
ciency of the conversion capability of
the catalyser.

Planned project

The staff designers at Elecrronics
Australia have very generously
offered to describe the electronics and
programming required to build your
own digital oxygen sensor analyser
for use with a laptop computer, based
on the heated oxygen sensor from
Bosch mentioned earlier (part number
D 258 104 002). Having said that, any
automotive oxygen sensor will do, but
the accuracy depends on the sensor
being fully hot, and therefore a heated
SEnsor is best.

An interesting feature of the project
will be the ability to ‘inject’ an accu-
rately known voliage level into the
ECU's O2 sensor port, to simulate
rich, lean or perfect values. The
advantage of this additional capability
is to check the response of the ECU at
the injector, and it also provides a sta-
ble setting for base adjustments.

If you already own or have access to
a laptop (or desktop computer if you
don’t wish to test a mobile vehicle),
the cost of the project will depend
largely on whether you are going to
use the sensor already fitted to vour
vehicle or take the project further and
build a ‘tailpipe tester’ complete with
manifold and clamp.

Continued on page 50
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Fig.5 (above): On the ‘lean’ side of the oxyden sensor's output,
there’'s an almos! linear relalionship between axygen level and
Lambda. Fig.4 (left): A voltagetemperature chart
the error that can creep in when only one gas is measured using
an unheated oxygen sensor. (Courtesy Bosch Ausiralia).
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| base idle speed “hy the book’,

Continued frowm page 16
purpose sensof is S428.00 plus tax,
Bur rade prices vary, so il's worth
shopping around for the best deal.

Useful tool

Earlier this vear | had the task of
resetiing Ihe miniure and base dle
seltings on an Audi 2.0 with KE
letronic — Le., & mechumicalfelec-
tronic hybrid system that wses an
electro-magnetic actuator (o vary the
fuel pressure in response to the oxy-
KN SCRKOF,

Having resel the ignition timing and
it wins
just nol possible, using the prescribed
factory method, o achieve anvihing
like an acceprable result for smooth:
ness combined with low emissions.
Finally, in desperation, | used my
‘Mew Age DEFIA 1o inpect (045 volis
inte the ECU {after first disconnecting
ihe oxygen sensord, and | was then
ible 1o sel ihe correct miniure values
and idle speed.

When the wehicle's awn oiygen

ELECTRONICS Australia, December 1995

sensor  was  reinstated, the ECLU
seemed quite happy with the result
and the Auwdi lefl the shop running
smoothly and cleanly without the
‘ramping’ effect.

This procedure, of course, raises
the prospect of lesting the integrity of
the EFl system in still more detil.
When the mid point oxygen level is
injected into the ECU, the resultani
exhaust gas emissions should be in
the stoichiometric ‘window® belore
the catalyser,

Referring 1o Fig.3, it will give you
an idea where the gas levels iflﬂl.ttd e
if the injectors and spark plugs are
clean, the fuel pressure is perfect and
all the relevant filtration and ignition
timing is OK. From thar standpoint, it
shiouldn 't be oo difficull o fgure oul
which ingredient is causing the prob-
lems in the resultant gas mix.

Well, that's about it from me for
another month, Hopefully the new
EA 02 Sensor TesterfInpector pro-
ject won't be oo far away. Cheers
for foe! 4



