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Exhaust Emission Testing Part 2 - Written by Clive Ward & Robert Prudius

Welcome back to the continuing 
series of articles relating to the 
effect that air fuel ratios have on the 
combustion efficiency of spark ignited, 
internal combustion engines.

Although air fuel ratios can be used 
to determine whether or not an engine 
has received the correct amount of fuel, 
they do not guarantee that, a) all the 
fuel has been completely burnt and b) 
that each cylinder received the right 
amount of fuel required for correct and 
efficient combustion.  

It therefore must stand to reason, that 
if the exhaust system of an engine is 
gas tight and does not allow the ingress 
of post combustion gases into the 
exhaust gas stream, then all of the gas, 
vapor and solids present in the exhaust 
gas stream must have either passed 
through the combustion chamber or be 
a product of the combustion process.   

By analysing the exhaust gas stream 
of an engine with an analyser that can 
not only measure the exhaust gases 
present in the stream, but process 
and present that information as a 
collective summation of those gases 
into the air fuel ratio and combustion 
efficiency of the engine, then the 
service technician will have the 
best possible insight into potential 
problems with that engine in the 
shortest possible time.

Air Fuel Ratio Requirements.
When an engine is IDLING or 

CRUISING, regardless of the fuel 
being used in the engine, petrol, LPG 
or a petrol/alcohol blend, for correct 
combustion, the engine requires an 
air fuel ratio that will yield a Lambda 
or excess air value of one. (See 
previous article).  

Any air fuel ratio that produces 
a Lambda value greater than 1.05 
or less than 0.95 is deemed to be 
unacceptable.  If the Lambda value 
is greater than 1.05, Firstly test for 
air leaks, of course if there are no 
faults found in the air intake system 
or with intake manifold vacuum levels, 
then the cause of the lean air fuel 

ratio will be in the fuel delivery system.   
Engines that run for prolonged periods 
with Lambda values in excess of 1.05 
will suffer burnt exhaust valves, piston 
crown fatigue and excessively high 
combustion temperatures that will 
facilitate the excessive formation of 
Oxides of Nitrogen  (NOx).

If the Lambda value is less than 0.95, 
then the fault is in the fuel delivery 
system, which of course would warrant 
further investigation by the service 
technician.  

Engines that are allowed to run 
for prolonged periods of time with 
Lambda values less than 0.95 will suffer 
premature engine wear, excessive fuel 
consumption, fuel contaminated sump 
oil and will be highly prone to catalytic 
converter failure.

Spark ignited engines, should idle 
with an air fuel ratio which yields 
a Lambda value of 1.00, produce 
maximum torque when Lambda equals 

0.90 and yield best fuel economy when 
Lambda  is 1.03.

when using exhaust emission 
analysers, it is important 
to establish the true air 
fuel ratio rather than view 
the different exhaust gas 
concentrations as the first 
diagnostic reference point.   

Once the air fuel ratio of the engine 
has been established, the service 
technician can quickly determine whether 
a) a problem exists or, perhaps more 
importantly, not, and b) in which area the 
problem lies.  i.e. Fuel delivery, Ignition 
energy or Mechanical integrity.

Using the Exhaust Gas Concentrations 
for Advanced  Diagnostics.

Now that the engine’s air fuel ratio 
has been established, you can use the 
various exhaust gases present in the 
exhaust gas stream to determine the 
cause/s of various engine performance 
complaints.   
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A new concept to grasp is engine 
combustion efficiency.

Just because an engine is receiving 
the correct air fuel ratio does not mean 
that all the fuel is being totally burned.  
Unburnt or partially burnt fuel will 
always comprise some percentage of 
the exhaust gas stream. Combustion 
efficiency is not that easy to determine 
as it is influenced by many factors.  
Combustion chamber design, engine 
temperature, ignition spark energy, 
ignition timing and of course air fuel 
ratio all affect combustion efficiency in 
some way or other.

Another aspect of combustion 
efficiency is the effect the catalytic 
converter has on the exhaust gas 
stream.

The oxidising elements of the 
catalytic converter further promote the 
combustion process of the exhaust 
gases.   What is not consumed or 
is only partially consumed by the 
engine is often completely consumed 
by the catalytic converter, resulting 
in an exhaust gas stream, which 
after analysis reveals a combustion 
efficiency of close to 100%.  This can 
be deceiving if it is the engine only 
combustion efficiency that you wish 
to examine.   To view the engine’s 
combustion efficiency independently 
of the catalytic converter, simply bring 
the engine to operating temperature, 
and then turn it off for 10 minutes.   
The convertor will cool down and stay 
cool long enough to allow the exhaust 
gases to pass through unconverted, 
for a sufficient period of time to allow 
analysis.   Another benefit of this 
testing procedure is to ensure the 
effective operation of the catalytic 
converter.

Testing for combustion efficiency 
without the converter alight. 

Carbon Dioxide (CO2) will always 
be at its highest value when no further 
increase in combustion efficiency can 
be attained.   This does not mean 
that there is a set value for CO2 that 
will indicate a pass or fail status of an 
engine’s ability to correctly burn fuel. 
eg If an engine has low compression, 

it does not matter how well set up 
it is (ideal air/fuel, ignition, ignition 
timing & surplus ignition energy), the 
simple fact of the matter is that the 
combustion efficiency of the engine 
will be less than that of the same 
engine, under the same conditions 
but with good compression.   Engines 
that have low compression but no 
other problems usually have low CO2, 
(10% to 11%); high CO, (2% to 4%); 
slightly high O2, (1.5% to 3%) and low 
HC, (100 to 450 ppm).   Nox will be 
almost non-existent due to the lower 
combustion temperatures found in low 
compression engines.   

When determining the combustion 
efficiency of an engine, firstly ensure 
that the engine is at Normal Operating 
Temperature (NOT) and ignition timing 
as well as the air fuel ratio are correct.   
Then view the CO2 concentration in the 
exhaust gas stream.  When the engine 
is idling or at cruise, the CO2 should be 
in the 13.0 to 15.5 percentile range. 

 When under load CO2 should not be 
below 9.5%.   Any value below these 
readings, indicate that the combustion 
efficiency of the engine is below 
expectation and must be deemed 
suspect.

Smart exhaust emission analysers 
will automatically plot combustion 
efficiency for their operators, thus 
alerting the technician to mechanical 
and other problems within the engine 
ignition and fuel systems.

The next article will discuss the 
effects that ignition problems have on 
engine combustion efficiency and the 
resulting pollutants, ignition problems 
cause.

I would like to take this opportunity 
to wish you all a very merry Christmas 
and a safe, prosperous New Year. 

Written by Clive Ward, National 
Sales Manager for Coda Products 
& Robert Prudius CEO. www.coda.
com.au or Phone: 1800 039 092.
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Brand	  Advertiser
Aprilla	 John Stamnas	
Athena	 Bikes & Bits Importers	
Athena	 BK Performance	
Baroni 	 VMI	
Berenger	 Sportsbike	
Bike Grab	 OMP	
Blingstar	 Hardiman Auto	
BMW	 Sportomuffler	
Boss	 Boss Toolboxes	
Brisk	 Brisk Spark Plugs 	
Douglas Wheels	 Hardiman Auto	
Draggin jeans	 Draggin Jeans
Eazy Rider	 OMP	
Electrosil	 Electrosil
AutoElka	 Hardiman	
Brand	  Advertiser

Ferodo	 Link	
GP Crono	 Sportsbike	
Hagon	 Proven	
Heli Modified	 AMC	
Honda	 BK Performance	
Ikon	 Proven Products	
Kazuma	 VMI	
Kymco 	 Kymco
Lonestar	 Hardiman Auto	
Maier	 Hardiman Auto	
Motul	 Link	
North west	 Bikes & Bits Importers	 
Odes	 VMI	
Otc	 SPX	
Period 5	 Sportomuffler	
Brand	  Advertiser
Planet Knox	 Draggin Jeans	

Polisport	 Link	
Pro X	 Bikes & Bits Importers	
Puig	 AMC	
PVM	 Sportsbike	
Race Tech	 Shock Treatment	
Rivet	 R & R Speedsports 	
RK Chain	 Link	
Scotts	 Shock Treatment	
Sherco	 Moto Central	
Ship my Bike	 Ship my Bike
Speedo Healer	 AMC	
Sportomuffler	 Sportomuffler
Strong Arm	 OMP	
Suter	 Sportsbike	
Brand	  Advertiser
Synergy	 Shock Treatment	

Tecnotest	 SPX	

Texa	 OMP	

The Chifley 	 The Chifley

Tommy Jack	 OMP	

Two2Cool	 Shock Treatment	

Typology	 Typology

VeeRubber	 Link 	

Warana	 Warana

WileyX	 Topace	

Windorisa	 Bikes & Bits Importers	

Wossner	 Bikes & Bits Importers	

XXX	 VMI 	

ADVERTISERS BY BRAND 

ADVERTISING INDEX

Product	 Advertiser
A-arms,axles,swingsarms 	
	 Hardiman Auto
Accessories	 Moto Central
Accommodation	 The Chifley
Advertising 	 Typology
Alloy wheels	 Hardiman Auto
Aluminium welding 	 Electrosil
Apparel	 Draggin Jeans
ATV’s 	 Kymco
Bike grab wheelstand/chock	 OMP
Bike lifts	 Warana
Braied brake lines	 John Stamnas
Brake & Clutches	 John Stamnas
Brake discs	 Sportomuffler
Brake pads	 John Stamnas
Brake pads	 Link
Brake shoes	 John Stamnas
Catalogue design	 Typology
Chains	 Link
Chrome plating	 Electrosil
Clutches	 Sportsbike
Connecting rod kids	
	 Bikes & Bits Importers
Control cables	 BK Performance

Product	 Advertiser
Cramp control	 Donald Motorcycles
Crash protectors	 AMC
Cruise control	 Donald Motorcycles
Cylinder recoating	 Electrosil
Digital dashboards & Lap timing	 	
	 Sportsbike
Engine parts	 Bikes & Bits Importers
Engine parts	 BK Performance
Eyewear	 Topace
Fork seals	 Shock Treatment
Freight moves	 Ship my Bike
Gas analyser	 SPX
Gasket sets 	 Bikes & Bits Importers
Gaskets	 BK Performance
Gloves/boots	 R & R Speedsports
Gold valves 	 Shock Treatment
Graphic design	 Typology
Grinding	 Electrosil
Heated grips	 R & R Speedsports
Helmets	 R & R Speedsports
Huggers	 AMC
Jack-lubricate bike chain	 OMP
Labscope	 SPX
Leathers	 R & R Speedsports

Product	 Advertiser
Logo Development	 Typology
Product	 Advertiser
Motorcycle enduro	 Moto Central
Motorcycle lifts	 OMP
Motorcycle trials 	 Moto Central
Motorcycles 	 Kymco
Motorcycles 	 VMI
Mufflers	 Sportomuffler
Multi meters	 SPX
Nerf bars & bumpers	 Hardiman Auto
Oil	 Link
Oil seals	 BK Performance
Piston kits 	 Bikes & Bits Importers
Plastics fenders	 Hardiman Auto
Precision boring	 Electrosil
Race spares	 BK Performance
Racing discs	 Sportomuffler
Radiator mesh protection	 Sportsbike
Rotors	 John Stamnas
Scooters	 Kymco
Scooters	 VMI
Screens	 AMC
Sets	 Sportsbike
Shock Absorber repair	Proven Products 

Product	 Advertiser
Shock Absorbers	 Proven Products
Sleaves	 Bikes & Bits Importers
Sparkplugs	 Brisk Spark Plugs
Special service tools	 SPX
Speedo healers	 AMC
Springs	 Proven Products
Sprockets	 Link
Steering dampers	 Shock Treatment
Portable control stand	 OMP
Suspension	 Proven Products
Suspension & dampers	
	 Hardiman Auto
Suspension modification 	 	
	 Proven Products
Suspension tools	 Shock Treatment
Tail tidies/Undertail	 AMC
Texa diagnostic tools	 OMP
Textiles	 R & R Speedsports
Toolboxes	 Boss Toolboxes
Tyre Warmers	 Sportsbike
Tyres	 Link
Web design	 Typology
Wheels & Brakes	 Shock Treatment
Wheels & Brakes	 SPX
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Australian Motorcycle Components	 17
Bikes & Bits Importers	 24
Boss Toolboxes	 31
BK Performance	 27
Brisk Spark Plugs 	 25
Donald Motorcycles	 21
Draggin Jeans	 19
Electrosil	 29
Hardiman Auto	 15

John Stamnas	 26
Kymco	 1
Kymco	 7
Link	 2
Moto Central	 8
OMP	 30
Proven Products	 22
R & R Speedsports	 14
Ship my Bike	  9

Shock Treatment	 28
Sportomuffler	 21
Sportsbike	 16
SPX	 36
The Chifley	 9
Topace	 18
Typology	 11
VMI	 12
Warana	 32
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For more information, demonstrations and your nearest stockist, please call (03) 9544 6222 or email: sales@spx.com.au

READ AnD CLEAR CODES, DISPLAY “LIVE DATA”, 
TEST FUEL InJECTIOn AnD IGnITIOn SYSTEMS, ADJUST FUEL MIXTURE, IDLE SPEED AnD THROTTLE POSITIOn;
REFLEX MOTORCYCLE SCAn TOOL IS InSTALLED wITH FULL FUnCTIOn MULTI-BRAnD SOFTwARE, InCLUDInG:

Japanese Motorcycles:
HOnDA, YAMAHA, SUzUkI AnD kAwASAkI

KawasaKi 2005 > and Honda 2007 >
now witH Full Function integrated diagnostics

european Motorcycles:
FULL FUnCTIOn InTEGRATED DIAGnOSTICS On ALL APRILIA, BMw, CAGIVA, DUCATI, GAS GAS, 

GILERA, LAVERDA, MALAGUTI, MOTO GUzzI, MV AGUSTA, PIAGGIO, SHERCO AnD TRIUMPH 

including engine unlocK, iMMobilizer and service ligHt reset

aMerican Motorcycles:
FULL FUnCTIOn InTEGRATED DIAGnOSTICS On HARLEY DAVIDSOn

REFLEX ENHANCED MOTORCYCLE SCANTOOL

YOUR wORkSHOPS COMPLETE DIAGnOSTIC SOLUTIOn – 
SCAnTOOL, LABSCOPE, GAS AnALYSER – 

FROM A SInGLE HAnDHELD TESTER

truck software 
and cables

car software 
and cables

plug-in
Flight recorder

plug-in
4 channel labscope

plug-in
5 gas analyser

Technotest reflex enhanced scan 1   1 7/11/2008   9:53:23 AM


