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Introduction  
First and foremost I would like to thank you for purchasing my product. As you would already be aware, 
these units are significantly cheaper than any other that is currently available. This is not to say that they are 
any cheaper in design or construction, just that I am able to offer a product at a lower price.  
 
I am an electrical Engineer with a background in Data Acquisition, Meteorology and Instrumentation.  I have 
a passion for all forms of motor racing – especially Karting. I saw an opportunity to offer the average karter a 
product with a significant saving and hence this product was developed. 
 
This unit is personally guaranteed by me for 2 years from date of purchase. (Excludes Sensor) 
The unit will be free of defects in materials and workmanship. This guarantee does not include damage 
caused by accident, unreasonable use or modification. I will repair or replace the unit ( at my option) without 
charge and reimburse you for shipping costs if the unit should prove defective. 
 
To date (Sept 2006), I have not had a single unit fail.  
 
If you have any suggestions for future changes, please let me know. This product has been developed with 
the assistance of many experienced karters and I believe everyone’s opinions are worth listening to. 
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Overview  
 
The Supa-Tuna System comprises a Display unit, and an Oxygen sensor.  
An automotive oxygen sensor measures the amount of oxygen in the exhaust gas. 
The amount of oxygen present is directly related to how efficiently the motor has burnt the available fuel. 
The more efficient, the more horsepower. 
The display unit gives the driver a visual representation of “the mixture” via 9 LED’s. 
The colour of the LED’s and their position on the display gives a fast, visual reference to work to. 

�
From Left to right, there are 2 x Amber LED’s, 4 x Green LED’s and 3 x Red LED’s – The colour of the LED’s 
were chosen to replicate the standard traffic light conditions. 
 
Amber   = SLOW   =  Too Rich 
Green  = GO    =  Optimum  
Red = STOP   =  Too Lean 
 
Obviously you want to achieve an optimum tune, so aim for the green. 
 
You will also notice that the LED’s are positioned in a sweeping arc. The higher the position, the better the 
performance. Ideally the top Green light will provide the BEST power, either side of that and the power is 
slightly reduced.  
Interestingly, as 2 stoke Kart motors, depend on the Air fuel mix to cool the motor, in addition to lubrication, 
the best prolonged performance can be gained by running the motor slightly richer than Optimum. This 
means having one of the first two GREEN LED’s illuminated.  
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Note: If you have a colour blindness issue, a Custom set  of colours can easily be manufactured 
to your requirements. 
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What to look for  
�

The basic principle is that the air fuel ratio – which YOU control by adjusting your Low speed and High 
Speed jets on your carby – has a theoretical OPTIMUM tune. This Optimum tune WILL be different on 
any given day due to changes in Air Temperature, Humidity (water content), Atmospheric pressure, Fuel 
Temperature, Fuel Type, etc.  What IS constant is the OPTIMUM air fuel ratio of 14.7:1 required to 
make maximum horsepower. The tuning lights are set up to display, at this optimum ratio, the top  
green LED.  
 
This is all assuming that you have not changed any facet of the motor – i.e. compression ratio, carby, 
spark plug timing etc. These will all effect how much fuel the engine needs and hence horsepower you 
engine makes – however the 14.7:1 ratio is still the optimum.  
 
We have found that kart motors maintain hp for longer if run at a slightly richer setting too.  
 
 
 
So before we start lets cover some carby basics. 
With the Walbro carby (and most others) the are 2 main fuel routes each with a corresponding “TAP” 
referred to as a mixture needle or jet. The Low speed jet is used to control fuel flow to the motor from 
idle to about 9000 Rpm. The High speed from 11000 rpm upwards. You will notice that there is a 2000 
Rpm gap which is taken care of by the “transition jet”, this is not adjustable. These Rpm figures are 
arbitrary only, depending on the weather on the day, and manufacturing tolerances, they will vary. Also it 
is important to understand that they are not absolute figures. By that I mean that the low speed, while 
effective up to 9000 rpm – will still continue to operate and deliver fuel well into the High rpm rev range. 
The same is applicable for the high speed jet – it does have some effect at low rpm. 
 
What this means is that the carby must be tuned on both the high and low, and your carby will display 
unique characteristics when compared with another seemingly identical carby. This is where the tuning 
lights become an invaluable tool for getting the best performance from your engine / carby combination. 
 
If your carby had been modified (also sometimes referred to as blueprinted or drilled). It is likely to 
display vastly different characteristics than a standard carby. Most engine builders will offer this as an 
option and what works on a S will not work on a J, because of the different rpm / fuel requirements. 
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KT100J– These motors don’t utilize the Walbro carby to its fullest potential. By this I mean that the 
carby is actually oversized for the J and is really not making enough RPM to activate the HIGH speed 
fuel delivery circuit. This is why 99% of J drivers crack the High jet (1/8 – 1/4 turn) and tune off the low 
jet – until now !!!  
 
Initial tuning… 
For the beginner, the “only” time that a tuning correction should be made is at the end of the straight, 
with MAX RPM and full throttle. At all other times, the lights may be difficult to read due to inconsistent 
air/fuel mixture to get an accurate reading of Exhaust Gas. This does make it easy for Juniors, as the 
end of the straight, while fast, is usually uneventful and they tend to have a little time on their hands. 
 
What you should see is, as you enter the straight, the lights will indicate rich(er), and continually move 
towards the right until a “peak” mixture is reached.  
 
IF at peak RPM, the display is showing AMBER ( #1 or #2 ) – lean off the low speed jet a little, and then 
wait for the next lap, check the display, then make another adjustment if required.  
 
IF at peak RPM, the display is showing RED (#7 - #9) – The motor is too lean, and needs to be given 
MORE fuel immediately.  
On the next lap – check the display and adjust as required. 
 
 
IF at peak RPM, the display is indicating GREEN ( #3 -#5)( #5 being the peak) – the tune is good, no 
adjustment is necessary – re check on the next lap and adjust as required.  
 
IF at peak RPM, the display is indicating GREEN #6 – the tune is still ok, no adjustment is necessary – 
re check on the next lap and adjust as required.  
 
Typically the as the motor heats up, it becomes more efficient at burning the fuel charge and hence will 
trend towards lean if left unchecked. Depending on the individual characteristics of the motor 
(compression, head shape, timing) this may happen far quicker in a blue printed RACE engine than a 
stock engine. At most race meetings, my experience has been that the carby will need adjusting up to 
the 5th  - 8th lap, then stabalises for the remainder of the race.  
 
 
Advanced tuning… 
As previously discussed, both mixture needles work together. This means that a combination of settings 
can deliver the same fuel load at a specific rpm. 
 
For the purposes making things simple, lets look at an examples. 
 
5000rpm – low speed mixture needle is very effective, high speed mixture needle is ineffective  
10000 rpm – low is effective, high is starting to become effective 
15000 rpm – low is ineffective, high speed is very effective. 
 
Now – lets assume that your carby is set at 1/8th on the high and 1 1/2 on the low. 
At the end of the straight, 10800 rpm, the lights are slightly lean – the first RED LED is lit. 
You have 2 options. – both of them are to increase fuel delivery to the motor – i.e. RICHEN 
But – which one !!! 

1. Richen the Low or  
2. Richen the high.   
 

To make a better decision, we need to now look at the lights during the slower speed corners. 
 - If in the majority of the slow speed corners, they are indicating LEAN, giving the motor more fuel on 
the LOW speed needle is the answer.  
 - If in the majority of the slow speed corners, the lights are indicating rich, the motor obviously has 
enough fuel down low and hence richening the high speed mixture is the answer. 
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Also it is important to understand that at high rpm, a tweak of the high speed needle can have the same 
effect as a big turn of the low speed jet AND at low speed – vice versa. ( you need to make big 
adjustments of the high speed needle to make the same change as a small turn of the low speed 
needle.) 
  
So… in theory you need to look at how the motor is performing over the whole track before making 
adjustments… keeping in mind that Motors seize at HIGH rpm – and very rarely at low rpm 
 
 
Extensive testing has shown that the spark plugs “seem” to read much leaner than would normally be 
the case. This has proven to be no problem and in fact, the spark plug while indicating what the engine 
is running like during the roll down, has little to no true indication of what the engine is running like 
DURING the race. To prove this, we have performed a technique that is used in Motocross racing – A 
PLUG CHOP. 
 
This consists of driving the kart at maximum RPM down the straight, then breaking as hard as possible, 
locking the rear tyres and sliding to a stop. By then inspecting the plug, this shows what the tune is like 
at high RPM and does not allow contamination of the plug during the overly rich roll-down. 
 
This has been performed not only on the track, but also during dyno testing. What we found was that 
the plug was indicating what you would normally consider a VERY LEAN condition – however with the 
same mixture settings, and allowing the usual roll down lap, the plug reads good. 
 
Next time your at the track, have a look at the exhaust of your kart after crossing the finish line. On the 
way back to the pits, without touching the mixture, you will be running rich – smoke puffing this is 
generally what coats the plug and gives a person that “warm fuzzy” feeling that the motor is running on 
tune. 
 
What this means, in my opinion, karters who only read the plug after a slow roll-down lap, risk 
interpreting their plug as too rich, while in fact, it is only due to the excess air-fuel during the roll-down. 
 
 
 
One thing I will add here is that PULP fuel contains lots of impurities. Its these impurities that are left on 
the plug and the internals of the motor. 
If you have the budget, ELF BFK107 is a far better fuel to use, it is (almost) completely combustible and 
leaves almost zero residue behind. While this is good for you engine, it make reading the plug 
impossible and tuning lights are just about mandatory. 
 
After approximately 3 hours of racing, a brand new iridium plug still looks “white” on the electrode 
insulator. White to the point that IF I was using PULP, I would have been very worried !  
 
[ Now I have been racking my brain trying to come up with a way of describing just how white…and the 
best possible analogy I could find is white like that of newspaper. Sort of a dirty off white…] 
 
My point is that reading a plug, at the best of times, is great if your working on your mower, but useless 
as a tuning aid especially if you want to be at the front of the pack.   
 
 
KT100S / ARC/ Leopard  /Rotax etc – These motors display different on track characteristics. Because 
of the different carby setups, they seem to hold more consistent tune across the rev range.  
 
Drivers have reported that the lights remain much steadier than with the J, even in the slower parts of 
the track. The experienced drivers can easily tune the low speed mixture needle at low to mid RPM and 
then the high speed mixture needle at the end of the straight. The theory is exactly the same as 
described above.  
 
Again, tuning lights allow you to accurately tune for “ON TRACK” conditions and not after the event, by 
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having a stab at what the plug is indicating!  
  
 

During race indications  
 
While not discounting the indications detailed above, the unit does serve a valuable second function 
and that is of a simple mixture monitor. 
 
If a situation occurred whereby the fuel supply was restricted or reduced (i.e. pinched fuel line, carby 
blockage or even as I have had myself – the fuel line rubbing through and leaking), the sensor would 
start to read lean. This is obviously needs to be treated seriously otherwise an expensive rebuild could 
be just around the corner. 
 
So, during a race, it is important to understand what the lights are telling you and what to expect them 
to do.  
 

- Every time you snap open the throttle, the lights should indicate no change or trend towards the left – 
i.e. richer. 

 
 - Every time you close the throttle, especially at high Rpm, the lights should go to the right – ie leaner. 
 If you open the throttle and the lights indicate lean, there may very well be a mixture roblem – certainly 
add fuel to be on the safe side and keep a close eye on what happens next.  
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Detailed theory of Operation  
 
There have been a number of articles written on how an O2 sensor works but unfortunately, none of 
these really cover the details applicable to 2 stoke race engines. 
 
The Oxygen sensor is a very simple automotive sensor, also known as an O2 sensor, lambda probe, 
lambda sensor, or EGO (exhaust gas oxygen) sensor. It is a small sensor inserted into the exhaust 
system of a petrol engine to measure the concentration of oxygen remaining in the exhaust gas. 
 
 

 

 
 
The sensor element is usually made with a zirconium ceramic bulb coated on both sides with a thin 
layer of platinum, the whole assembly normally protected by a metal gauze (as pictured above), 
however this is removed when used in karting applications. It operates by measuring the difference in 
oxygen between the exhaust gas and the external air, and generates a voltage depending on the 
difference between the two. The sensors only work effectively when heated to approximately 300°C, so 
most lambda probes have heating elements encased in the ceramic to bring the ceramic tip up to 
temperature quickly when the exhaust is cold. These heating elements are not required when used in 
karting applications as the sensor is fitted well within the exhaust flame at temperatures well above 
300°C. 
 

 
 
An output voltage of 0.2 V (200 mV) DC represents a lean mixture. That is one where the amount of 
oxygen entering the cylinder is sufficient to fully oxidise the carbon monoxide (CO), produced in burning 
the air and fuel, into carbon dioxide (CO2).  
A reading of 0.8 V (800 mV) DC represents a rich mixture, one which is high in unburned fuel and low in 
remaining oxygen.  
The ideal point is 0.45 V (450 mV) DC; this is where the quantities of air and fuel are in the optimum 
ratio, called the stoichiometric point, and the exhaust output will mainly consist of fully oxidised CO2. 
 
If you do a search of the web, you will generally find reference made to the O2 sensor “cycling” 
between a rich and lean reading as part of the normal operation. In fact, this cycling is a direct result of 
the ECU increasing and decreasing the mixture and NOT of the sensor as such. The sensor is just 
reacting to the Rich – Lean conditions and is able to swing between these to extremes in less than 150 
milli seconds. 
 
The display unit simply converts the output of the sensor (a voltage) into a visual display (a coloured 
LED) that the Karter can use.  
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The Battery  
The Supa-Tuna uses a standard 9V battery.  Rechargeable 9V batteries are available, however their  
Physical dimensions can vary significantly and as a result – may not fit into the unit. If you decide to use 
a rechargeable battery, test the fitment very carefully, ensuring that you do not use excessive force.  
 
Note   
 When the battery runs low, some LED’s may not light. This is a result of there being insufficient power 
to illuminate them. This can be overcome by simply turning the intensity control to a brighter position. 
This will generally allow continued use and certainly a better option than simply replacing the battery. 
 
Batteries have a finite life, and unfortunately they sit in shops well past their expected shelf life. The unit 
has been designed to run as low as 3 Volts, however Murphy’s law applies and it will become apparent 
during a race rather than practice !! – If you notice this, just turn up the intensity control a little during 
the race.  
 
Changing the Battery  
On the left hand end of the display unit, there is a plastic end cap, which is designed to be removed 
when replacing the battery. 
 
1. Make sure that the power switch is turned OFF.  
2. Remove the end-cap with your fingers,(will depend on you individual strength). If you find that you 
cannot remove the end cap, using a screw driver or kitchen knife between the display unit and the end 
cap, carefully pry the cap as required. 
3. The Battery, can then be withdrawn, slight resistance is normal, due to the confined space. 
4. With the power off, ensure that the 9V battery is orientated correctly, before connecting.  
5. Re insert the battery into the unit, again, a slight resistance is to be expected. If any extra effort is 
experienced, check to see that there are no wires that have become dislodged during the removal of 
the old battery.  
6. Reinstall the end cap, and turn the power on.   
 
Caution   
A fully charged 9V battery is capable of running Su pa-Tuna unit for up to 40 hours plus. As the 
LED’s are high intensity, It is recommended that th e unit only be switched on immediately prior 
to the start of the race. Likewise, it is recommend ed that the unit be turned off as soon as 
possible after each race. 
 
Warning  
This unit is NOT WATER PROOF. Use in rain condition s will be at the users risk. Some people 
have used Glad-wrap /Cling film etc to seal the uni t. If your unit becomes wet, remove from the 
Kart, remove both end caps and battery, and allow t he unit to dry.  A domestic hair dryer could 
also be used to speed the drying process, however D O NOT re-connect the battery or turn the 
unit on until completely dry. If in doubt - call me .
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Installation  
 
Display Unit 
There are a number of possible mounting methods and personal choice becomes as important a factor, 
as ease of mounting. However that being said, driver comfort should be the determining factor on 
where the unit is positioned.  The driver should be able to easily see the LED’s and importantly the 
shape of the LED display.   
 
The display unit is fitted with a “NUTSERT” in the back. This is a M5 threaded insert that can be used to 
either mount the unit directly to the Kart or used in conjunction with the supplied aluminium mounting 
plate. You can obviously manufacture your own mounting plate – however please use the supplied 
stainless steel bolt. A bolt of excessive length will damage the circuit board. 
 
It is recommended that the unit is positioned, such that the LED’s do not shine directly into the drivers 
face. The intensity control does allow dimming of the LED’s for nighttime operation, however they can 
impede night vision if they shine directly into the drivers eyes.  
Mark and drill a hole and install the display unit on the steering wheel. An M5 or M6 bolt is sufficiently 
strong enough. 
 
Alternately, some people have manufactured their own mounting plate and used Velcro to allow easy 
removal of the unit when racing in the wet.   
 
 
Caution 
During installation, do not over-tighten the bolt.  
 
 
 
 
  
O2 Sensor  
Almost all Oxygen sensor use stainless steel wires sheathed in a high temperature insulation. Stainless 
steel is typically difficult to join via normal soldering techniques and this is also know to cause 
premature failure of the sensor wire.  
As a result, the SUPA-TUNA system uses crimp terminations and high quality Molex plugs.  
 
Caution 
There are a number of precautions that you must tak e when handling the sensor. 
 
1. NEVER touch the ceramic tip, silicon and oil fro m your fingers can contaminate the sensor 
element. 
2. NEVER drop or bump the ceramic tip. The element is very fragile and can be easily damaged 
through rough treatment. 
3. NEVER use silicon sealers on the inlet ( carby g askets, phenolic spacer etc) or exhaust flange. 
Using the standard gaskets are fine, anything addit ional is unnecessary.   
4. NEVER use Leaded fuel. Lead will contaminate the  sensor. 
 
If you need to replace a sensor I can supply them at cost. Alternately, almost any universal 2 (or 4)  
wire sensor will be suitable. If you chose to purchase a new sensor, they can also be sourced through 
any fuel injection outlet, Repco, Super cheap etc. for around $90 – 120. 
 
Be aware, that until the sensor gets “dirty” you may find that the display unit jumps around a little and is 
difficult to read. In this case, running excessively rich can speed up the sensor “run in” process, by 
effectively fouling the sensor with oil. This serves to slow the response time of the sensor, making the 
readings much more steady and easy to tune to.  I recommend that at least a 10 minute session is 
completed with the sensor installed BEFORE turning the unit on.  
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Supa-Tuna Signal Wire  
The display unit is connected to the sensor via a light and flexible wire ideally suited to the high 
vibration environment of Karting. The plug on the end of this wire is crimped and soldered to increase 
not only the strength of the termination, but also the signal quality.  
Again, high quality Molex connectors are used for longevity and ease of connection.  
 
With the display unit positioned on the steering wheel, secure the signal wire with a loop, loose enough 
to allow the wheel to turn fully in both directions without pulling on the display.  Any excess cable 
should be looped and tied securely to the kart. It is recommended that this loop be positioned away 
from the ground – ideally on the steering column. Magnetic strips can cause interference with the LED 
display, resulting in a ‘blip” of lights as you pass over them. 
 
Caution 
The sensor lead should be routed as far as possible  from the ignition and spark plug wires. Kart 
engines typically produce very high voltages and th is can damage the unit.  The sensor wire 
should typically be run down the left hand side of the kart away from the motor.   
 
O2 sensor  - Exhaust Adapter Nut 
 
The O2 sensor uses a standard 18mm x 1.5 pitch threaded adapter that is welded into the  
header pipe. One of these adapters has been supplied with the unit, however if you nee additional 
adapters, they can be purchased from most Exhaust shops (Midas etc) for about $5 each. It is 
recommended that unless you are experienced in welding, this is a job that can be best left for those 
who are. Most Exhaust shops have the necessary equipment required and will do this for $10 - $20. 
 
It is highly recommended that the sensor is fitted on the inside of the bend of the header. This means 
that the sensor enters the exhaust gas at its slowest, and has minimal effect on overall flow. It also 
provides some protection from accidental damage by another kart riding over the back. The sensor, 
when fitted should be slightly above horizontal, this stops oil and un-burnt fuel from pooling around the 
sensor and hence extending the working life of the sensor. 
 
Drill a 13mm diameter hole in the header, and position the adapter centrally over the hole, and weld 
(MIG or TIG) / braze the adapter to the header.. 
 
If a MIG is used to weld the adapter, car should be taken to prevent damage to the threads. This can be 
avoided by protecting the thread with “anti splatter” spray and also “tacking” the adapter into place 
before fully welding. If the sensor will not screw in without undue force ( ie using more than finger force) 
a TAP should be used to clean the thread, to prevent damage to the sensor. Make sure that no slag or 
weld beads protrude into the header pipe, if they do, get rid of them as they will not only impede gas 
flow, but can also set up eddy currents that buffer the sensor giving you false readings. 
 
Testing has also shown that the size of the hole is not important, however a slightly larger hole does 
prevent the sensor from being damaged when installing into the header. As long as the hole is central to 
the adapter, a 13mm hole is sufficient. 
 
KT100J –  Some people have experienced better performance by positioning the nut as close to the 
flex end of the header pipe as possible. This seems to be due to the gasses being more fluid at this 
point and not as “pulse-like”.  All sensors that I fit now, I position 20mm towards the flex end from the 
centerline of the curve – this I have found is an ideal compromise and offers best all round 
performance.  
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Kt100S / Leopard – Position the nut such that the sensor in the centre of the curve of the header. Some 
karts may require the sensor to be positioned at a slight angle to clear any seat stays used. If this is the 
case, allow a minimum of 15 – 20mm clearance. 
 
Rotax – The nut is welded into the body of the exhaust pipe, 100 – 150mm from the motor end. 
 
 
Do they wear out ?  
 
As an oxygen sensor ages, contaminants from normal combustion and oil ash accumulate on the 
sensing element. This reduces the sensor's ability to respond quickly to changes in the air/fuel mixture. 
The sensor slows down and becomes "sluggish".  
 
At the same time, the sensor's output voltage may not be as high as it once was, giving the false 
impression that the air/fuel mixture is leaner than it actually is. The can result in the karter, tuning a 
richer-than-required air/fuel mixture.  Generally speaking, this is a better scenario and “safer” than if 
the sensor was to indicate rich while in fact being too lean. The worst case means that you will be 
feeding the motor too much fuel and hence slow – however unlikely to have a motor to repair !! 
  
Over time, the situation will get worse, ultimately requiring the sensor to be replaced to restore peak 
tuning performance. 
  
How long will this take? Well, unfortunately that’s like asking “How long is a piece of string?”. We have 
been running the same sensor on a dyno for over 12 months, this includes running in motors with the 
excessively rich mixtures required. This sensor is still performing fine.  
 
At a rough guess, a sensor should last at least a year, depending on the amount of racing that you do. 
Obviously the header of a Kt100S is far more arduous than any car would be so you should expect to 
replace the sensor as part of you kart consumables. That being said, I have had 2 sensors that lasted 
only 2 meetings each, and they were both brand new $140 Bosch sensors. These sensors I use now 
have proven to be both cheap and provide accurate readings. 
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This picture shows damage to the sensor element. On removal from the motor, the protective  
eggshell like ceramic coating surrounding the tip of the sensor was flaking away. This particular 
example was the result of damage when installing the sensor in the header pipe through rough 
treatment. – The sensor needs to be replaced. 

   
 
 
 
 
This is an example of a NEW sensor. Note that the sensor is very clean with no exhaust deposits visible. 
The exhaust deposits actually help the sensor read more steadily. New sensors can be a little bit erratic 
until after the first 10 minutes of use. The carbon and oil slow the sensor down making its response time 
more useable and hence a nice steady display.  
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This is the sensor from my kart, removed for the picture. It shows a covering of oil and carbon and is 
working fine. DO NOT attempt to clean the sensor. Excessively rich will show up as a wet residue and 
will cause the sensor to fail eventually fail. 

 


