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First page Picture;

The winning team at Le Mans Classic 2008.
Johan Josefsson, Bosse Lindman, Fredrik Tornerhi®biman Dahlén and
Niklas Enander.

The replica of the car that competed at Le Man®18&n "Index of performance”
In its class with cars from 1957 to 1961 all togethbout 70 cars.
Of all 400 attending cars the Le Mans 93 attairesnbsd place.

Beneath the hood rests a XP-tuned 748 cc 93-emngtheXP-pistons, XP-crank +
XP-rods, XP-throttle shaft and a specially optindizened XP-exhaust system,
giving the engine 90 hp at 6'000 rpm. That is 1@(@ér litre!

The car attained 177 km/h at almost 7'000 rpmeetid of the Mulsanne straight,
still accelerating.

O Niklas Enander 2010
niklas@classicsaabracing.com
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Introduction

You have now in your hand my tuning manual for SA&\Bvo stroke engines and their cars.
This manual is intended to de a living document daatinually improves and expands as knowledge and
experience, bout others and mine, grows and isceitl here.

Therefore you should not be surprised if some g@aims unfinished, it will hopefully be betteredlire
time.

In this manual | will contemplate on both simplelahfficult things, but sometimes it is difficuld tbe
simple so | will also use examples and diagrams.

The intention is that everyone shall be able td 8omething of value, booth in the form of increhse
knowledge and in the form of increase horsepowartieir engine.

Your understanding of the two-stroke engine wilpafully increase and my intention is that you shoul
cope with a simple calculator to find the rightued for your own engine.

Personal presentation

My name is Niklas Enander and | have been driving $trokes ever since my first moped when | was
eleven years old. | am presently working as a ttmoks engine simulation and research engineer at
Husqgvarna Engine Research in Jonsered outside @nthgafter having worked with multicylinder
engine development at Volvo and engine developmaeXblvo Truck.

| have over the years gained some experience withiy own and friend’s two stroke engines in
mopeds, scooters and SAAB’s. | have studied a Wlaétgcience degree in mechanical engineering at
Chalmers and have there specialized in vehiclesagahe lore.

At the moment | own about a dozen of two strokesesto mention is my first moped, a sprinter Vespa
that beats a HD Sportster on the drag way, aneotfi@ir that does over 85 km/h, a 96 short nobigck

93 with suicide doors, a 92 built for circuit ragjrand regretfully not my beloved 21, my long ntreen

65 that got seriously ill at the SAAB festival 20@de to overpowering and under steering and has now
gone to the last special course.

My personal reason to spend weeks of work on a aidike this is to be able to spread the knowledige
how to tune two strokers so that more people can the wonderful sound of a stroker that revs i ta
the horizon.

By spreading this information | also get more infiation in return, and by charging a fee for my work
can motivate my self to spend the hours and gehfimg to develop new products for the SAAB tuner.

My goal is to put in at least two hours of work &rery manual that is sold so that it will grow and
develop and every new customer shall have somenmafiion that last months customer did not get dk we
as you get the information that all previous cugispaid to give you.
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Function of the tuned 3 to 1 exhaust system

Tuned XP-exhaust system ready to go

The tuned 3-1-exhaust system works in two ways.

First it helps the engine to get rid of exhaustaad secondly it helps the engine by putting backes of
the scavenge loss that has entered the exhaudbidaifiwe first study the tree cylinder two steskwith
a common exhaust manifold it gets easier to unaedshow it does this.

On a standard 1965 engine the exhaust port is dpghenm below the top dead center, and the scavenge
port is opened 59 mm below tdc. This gives an eshpart duration of 155°, i.e. the exhaust portthas
possibility to flow 155° of the total of 360° on@turn.

The scavenge ports opening 59 mm from tdc givesdigration of 116°.

The blow down period, the period from exhaust opgnd scavenge opening is then

(155-116)/2 = 19,5°.

This also means that the exhaust port is open H3téf that the piston, on its way up on the corsgimn
stroke, has closed the scavenge port.

We can now se that the engine is able to empsifio$ pure exhausts during the first 19,5° of géxhaust
port opening and during the remaining 135,5 degttee® is also the possibility for scavenge losdesr
and fuel to leave the cylinder.

As the engine has three cylinders with evenly sppagaition timings, we know that the next exhausttp
will open 360/3= 120 degrees after the last one.

If we now assume that cylinder 1 is just openisgeithaust port, that has a duration of 155 degtees,
we also know that the cylinder 2 will open its exbtaport when cylinder 1 has 155-120= 35 degrdes le
until it is closed again.

As cylinder 2 is opening and expelling its exhagestses a pressure wave is formed that with thelsgee
sound spreads it self trough the exhaust manitoty/inder one. When the pressure wave reach atind
one the pressure in the exhaust manifold exceedgréssure in the cylinder and some of the freahgeh
that has escaped the cylinder is pressed bacleioyiinder.

The fact that this portion of fresh charge is peedsack is the reason why the SAAB three-cylinceyiree
in standard form has relatively low fuel consumptamd a high and wide torque curve around 3000-4000
rpm.

As the pressure wave, that is rather short, travigtsthe speed of sound, the time it takes togr&om
cylinder to cylinder is about the same indepenadéiite speed of the engine.
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This means that the wave will arrive to early toathy good at really low engine speeds and wherrgou
a standard engine over 5000 rpm it arrives tottat any good so the engine power drops and ihbgs
enough torque to rev any further under load.

The standard exhaust system gives an exhaust lesskpe that is comparably high to counter high
scavenge losses and thus it gives low fuel consom@ut it also gives to high back pressure at
maximum power and the engine is not able to breatifeeely as one would like.

This is usually countered by the SAAB tuner by gsarsports exhaust with two standard diameter esthau
pipes or an 2" pipe that will get free breathindpaxst with higher power at the cost of higher fuel
consumption.

The exhaust system that was recommended by SAAleiend of the sixties consists of a modified
SAAB Sport front silencer with a suction cone ar@l’ @xhaust pipe under the car to minimize the agha
backpressure. The suction cone that is not lotiger about 10 cm has an end diameter of about 8 cm.
Until this day | have not seen a tuning instructidmere the measures actually are written down.

When a pressure wave reaches a wall, like in a&dlp#pe, the wave bounces back as a reflectionseffi
and with the same sign, like a pressure pulse toank as a pressure pulse. If you instead of ackadke
the pipe with a cone the bounce will be extendedl ltmwer but a longer returning pressure wave.

In the same way a pressure wave that reaches dleainacreases in diameter is reflected back as a
suction wave.

Such a cone was previously called a megaphonentmaw suction cone as it is not the end of theesyst

When the pressure wave from the exhaust port ogeeaches the suction cone in the SAAB’s tuning
system a suction wave that is designed to reacbyliveler around the bottom dead center at aro@@d) 5
rpm is sent back. The suction pulse eases the sgngeand gives a higher airflow and higher power.
The problem is that at 4000 rpm the suction comesatly to do any good an at 6000 rpm its almost to
late.

The exhaust system that is recommended by SAAB Ipesforated reverse cone after the suction cone.
This reverse cone has the purpose to destroy thaimeng pressure waves in the system, otherwige the
would be a scarp reflection against the front siga rear wall.

It is very common to choke modern mopeds with &eplathe exhaust system that has an opening tf hal
of the pipe area. That means that half of the pressave is reflected back as suction wave fronhtiie,
and so you have cut of the reflection and killegltilming in the exhaustion system.

The function for the reverse cone with holes, ibreak the remaining pressure waves in the exhaust
system in much the same way.

In the XP-system there is no such cone, because tleflections are used to reach a higher enginempo

In the tuned 3-1 XP exhaust system the exhaustgvgee begins to expand already from the exhaust
manifold. This early expansion sends back a pradrsgction wave to the cylinder and assists itiptg
its exhausts. The suction cone is further sepaitatetdo sections to get a larger width of the tungah’s.

After a straight section comes a reverse conestivads back a pressure wave to the cylinder.

This pressure wave is added on to the pressure fn@wethe nearest ignited cylinder and assists in
lowering the scavenge losses by increasing thespresn the exhaust port towards the end of the
scavenging before the exhaust port closes.

The pressure wave from the XP exhaust system edttowards working at higher rom to widen the
drivable area and to raise the engine power.

If we reach the same torque, but at 10 % highemergpeed, we will get 10 % higher power.

The pressure wave can even manages to push baeka$ahe fuel and air that has escaped in to the
exhaust manifold.
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As the mixture is detained in the cylinder the aeegbower goes up as well as the fuel consumption is
lowered.

The exhaust back pressure from the exhaust sydsenassists in holding scavenge gases in the @/jnd
but if the back pressure becomes to high the engith@ot be able to successfully flush out the aust
from the cylinder, and the engine will lose powehigh rpm’s. A large amount exhaust gases remginin
in the cylinder will heat the scavenge gases ande&nocking and holed or ceased pistons.

The reason to using a 2” system instead of anrai@4 mm system is because the backpressure in the
front silencer is about half with a 2” system.
I have measured backpressure towards 0,18 kildsawitoriginal exhaustion system.

Generally on a tuned two-stroke pipe, the silestieger diameter is 0,6 to 0,7 times the diameft¢n®
exhaust port.

On a really tuned group Il engine the area of ttieaast port corresponds to a diameter of 42 mmhwitc
gives a recommended end diameter of 25 to 29 mentaned pipe.

As these recommendations are on an engine witlpipeeper cylinder we should have an area of three
times this and will thus have a exhaust pipe diamaft some 44-50 mm. As a 2” system usually has an
inner diameter of 51 mm it seams to be a good ehdibe diameter seams a bit big, but it is comgedsa
by its great length.

If one would choose a diameter lesser than 44 manluighly tuned engine the risk for knocking an
overheated pistons is evident.

The sport systems two pipes of 34 mm has an aragipfe with a diameter of 34 mm times the root of
two witch is 48 mm and that corresponds well wittet recommendations.
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Reverse cone

The templates for the tuned XP exhaust systemrrgll tuned engines contains two different desigh
the reverse cone.

One is symmetrical and 170 mm long. This cone gyeesthe best torque at 4000 rpm but the exhaust
system becomes so long that one might be forc&tihdhe edge of the wheel house and it is possize
you will get tire contact when turning the wheedSfar as possible in a left turn if you use biggir

XP-exhaust system with the long reverse cone

To avoid these collisions there is also a secoghagetrical reverse cone that has one side thatralipl
with the straight pipe.

This reverse cone should allow the system to bedfivithout risk of interference with the wheelhewasd
the straight sidewall makes it easier to fit thagtdr for your 2” pipe.

XP-exhaust system with the short asymmetrical seveone

The short asymmetrical cone also makes it easiendathe system with a 2” pipe straight out from ¢imd
of the cone. The problem is though that the anqbditaf the pressure waves is twice as high thene e
straight section so the system becomes VERY noisy.

Don’t forget the big advantage of a silent exhaumt intake is besides comfort, the increased pdissiio
hear the engine knocking and therefore maybe ytisare yourself a lot of agony.

10
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Copy protection & Support

This tuning manual and templates have been under production for a long time and represents
many years of work and research.

The person that has bought this manual and building instruction has the right to contact me for
further consultation concerning their tuning. | also urge you to contact me with information that
you miss or find faulty so that the manual can be continually improved.

| also very much like to hear the results from your tuning and also to receive tips on where to find
further information.

As you can se | show you in the references where you can find some nice material.

But no one has the right to copy this manual and teplates.

If you which to receive it you simply send me a letter with your name, address, email and
phone number and enclose 700 sek, 90 USD or 70 € .

| will then arrange for a copy to be sent as soon as it is printed witch usually is done
monthly.

| can promise that there will be goodies in the future for them who do not misuse my trust
to publish this material.
This is booth in planned publications and in further parts for the driven SAAB-tuner.

To be continued.

Yours XP-Niklas Enander

Tanks for help, information, ideas and inspiration to:

Gosta Andersson, Jakob Axelsson, Ola Backer, David Barrow, Joel Berneklev, Marlene Bro,
Peter Backstrom, Tore Claesson, Sonny Dahlberg, Géran Dahlén, Fredrik Ekendahl,

Ronnie "Generalen” Eriksson, Truls Herland, Andreas Hillby, Nicolina Hibert, Anders Jenssen,
Rolf Jenssen, Johan Josefsson, Esbjorn Ollas, Bosse Lindman, Bernt "75:an” Olsson

Chris Partington, Fredrik Wildt-Persson, Carl-Magnus Skogh, Bengt-Erik Strom,

Frank "SQR” Stromqvist, Fredrik Tornérhielm, Hans Willbrant och Robin Wastberg.
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