Polaris FST turbo

Since there has been no prior FST information on this website, I was anxious to see what
HP the tiny 750cc turbocharged four-stroke stocker would create.

This dyno session was organized/ coordinated by local Polaris madman and friend of
DTR John Cleveland. John desired more performance out of his newly acquired 2007
FST, and offered up his stock 2007 spec FST as the “mule”. Interestingly, half of the
eight hour dyno session was funded by in by a group of FST enthusiasts who participate
in very excellent, uncharacteristically mature (for the internet) FST performance
discussions on the www.Polarisfiles.com website. These individuals from all over the
country (countries?) offered to help cover the cost of the session at DTR in order to get
the facts. The other half of the session was funded by three individuals who sell parts and
ECU reprogramming for these sleds. John Cleveland and local FST owner Jay Ferris also
chipped in.

Here are the providers/ tuning/ parts we would assess here:

ECU reprogramming in various stages to control boost, fuel flow and HP —M artin Filfe
of Quebec, Canada mfilfe@videotron.ca

Large intercooler with much greater size and mass compared to stock—Racecraft Jim
Burlew zornigvw(@comcast.net

High flow stainless steel muffler manufactured in Sweden by ELA and imported by
David Rowley of Milwaukee, WI. DavidLRowley@hotmail.com

We spent several hours on Sunday, the day before our Monday scheduled test session
hooking up John’s FST to the dyno. There was instrumentation to measure oil and
coolant temperature plus intercooler efficiency (pressure and temperature drop across
each core). In our dyno data the turbo compressor outlet temperature is listed as ExTemp
5, and the temperature after the intercooler core is listed as ExTemp 7 each measured by
the dyno open element probes in the airstream. The dyno boost pressure in PSI (gauge) is
measured between the intercooler outlet and the throttle body. Martin Filfe brought his
own Polaris Digital Wrench computer to measure and record detonation and the things he
discusses in his addendum attached. Finally, my trusty “4” ID copper tube deto sensor
was attached to the engine so we could listed for knock in the control room.

We began the test session with John’s FST in 2007 trim, then switched first to the 2008
and later stock muffler, and then the 2008 and later ECU programming the Martin
installed. It turned out that the 2008 muffler was a bit quieter and a bit more restrictive
than the 2007 muffler—about 2% difference (148 HP compared to 151HP). During this
first series of stock component/ tuning dyno tests I was beginning our 200 RPM/second
acceleration tests at 5000 RPM and running to 8700 just below rev limit fuel cut. But



Martin explained that, like modern Porsche 911 Turbo cars do, the stock ECU allows for
some seconds of “extra” boost for initial acceleration, which was used up by the time we
got over 8000 RPM! So after we had converted to stock 2008 ECU and muffler, I began
our tests at 7000 RPM allowing good extra boost beyond 8000 RPM. Here is a graph of
the difference in peak HP by just beginning each test 2000 Revs higher. The top set of
lines is airflow SCFM so you can see how much extra airflow and HP you get initially.
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The following graph compares the Horsepower delivery of the 2008 and later ECU with
the 2007 spec ECU.
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Here is the data from our baseline testing—2008 spec ecu and 2008 muffler:
EngSpd STPTrq STPPwr BSFA-B  FulA-B A/FA-B  BOOST Exh5 Exh7

RPM Clb-ft CHp Ib/hph Ib/hr Ratio psig degF degF
6900 110.7 144.7 0.47 66.4 10.99 17.3 130 42
7000 113.2 150.9 0.46 67.5 11.26 17.4 136 42
7100 114.7 155.1 0.45 68.6 11.38 17.4 142 42
7200 115.7 158.6 0.45 69.5 11.46 17.4 146 42
7300 115.3 160.2 0.44 69.8 11.56 17.4 151 42
7400 1141 160.8 0.44 69.3 11.69 17.3 156 43
7500 113.1 161.5 0.44 70.3 11.53 17.2 161 43
7600 111.4 161.2 0.45 70.7 11.45 17.0 164 43
7700 109.8 161.0 0.45 70.7 11.45 16.9 167 43
7800 107.7 159.9 0.44 69.5 11.65 16.7 170 42
7900 105.7 159.1 0.45 69.8 11.63 16.6 174 42
8000 103.6 157.8 0.44 68.8 11.81 16.4 177 42
8100 101.7 156.8 0.44 68.1 11.95 16.2 179 42
8200 99.8 155.8 0.44 67.2 12.06 15.9 181 42
8300 98.1 155.1 0.46 69.2 11.69 15.7 184 43
8400 96.1 153.7 0.47 70.1 11.53 15.6 187 43
8500 94.0 152.1 0.47 69.7 11.62 15.5 189 43
8600 91.7 150.2 0.47 68.6 11.83 15.5 190 43
8700 89.2 148.3 0.47 68.6 11.84 15.6 192 43

Here is the stock 2008 ECU and stock intercooler tested with the ELA muffler that
Dave Rowley provided. This muffler is less restrictive, and even at standard boost level
the airflow and HP were increased at the expense of louder, but not annoying, sound

levels:
EngSpd STPTrq STPPwr BSFA-B FulA-B  A/FA-B BOOST Exh5 Exh7

RPM Clb-ft CHp Ib/hph Ib/hr Ratio psig degF degF
6900 113.2 148.1 0.43 62.5 11.64 17.3 119 44
7000 117.3 156.4 0.44 68.0 11.36 17.4 132 44
7100 118.9 160.7 0.44 69.9 11.37 17.5 140 45
7200 117.9 161.6 0.44 69.7 11.49 17.5 145 45
7300 116.9 162.4 0.44 69.6 11.52 17.4 149 44
7400 115.9 163.4 0.44 70.8 11.38 17.2 154 44
7500 115.1 164.4 0.44 71.0 11.40 16.8 157 44
7600 113.8 164.7 0.44 70.5 11.55 16.6 162 44
7700 112.3 164.6 0.42 68.3 11.94 16.4 165 44
7800 110.6 164.3 0.42 67.4 12.15 16.3 168 44
7900 109.0 163.9 0.42 67.7 12.12 16.1 169 44
8000 107.2 163.2 0.44 70.0 11.77 16.0 170 44
8100 106.1 163.6 0.44 70.7 11.67 16.0 171 44
8200 104.1 162.6 0.44 69.7 11.80 15.9 175 44
8300 102.3 161.7 0.43 68.6 11.99 15.8 178 44
8400 99.8 159.6 0.44 69.3 11.86 15.7 181 44
8500 97.5 157.8 0.46 71.3 11.55 15.6 184 44
8600 95.5 156.4 0.47 71.7 11.52 15.5 188 44

8700 92.6 153.9 0.47 70.2 11.82 15.2 195 43
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Here is our first test of the Racecraft intercooler where very little airflow and HP
improvement is shown when used with the ELA muffler. This is similar to the power
improvement that we got when testing the Racecraft intercooler with the stock muftler.
But in retrospect, I believe we overcooled the stock small intercooler creating a greater-
than-normal temperature drop from inlet to outlet. The dyno has a 7.5HP blower on the
roof that directs outside air (@35degrees F on this day) into the dyno room through two
10” diameter flexible ducts. During testing, we pointed one of the two ducts directly at
the intercooler cores, so they got blasted with 80mph direct cold air—much higher than
the intercoolers will see in the field even at 100plus mph vehicle speed. We probably
should have tested with the hood on, directing my 80mph air instead at the openings in
the hood that allow outside air to reach the intercooler! We would speculate that the
much heavier mass of the Racecraft intercooler would create much better cooling effect
in the field with accompanying increase in HP. A smart guy said the are “good big
intercoolers, and big good intercoolers”. The Racecraft intercooler is similar in frontal
area to the stocker, but much greater thickness and mass. That mass has a huge effect on
cooling especially during intermittent operation on boost. But here is the Racecraft
intercooler with 80 mph cold air blowing at it and ELA muffler, 2008 ECU:

EngSpd STPTrqg STPPwr BSFA-B  FulA-B  A/FA-B  BOOST Exh5 Exh7 Air 2

RPM Clb-ft CHp Ib/hph Ib/hr Ratio psig degF degF scfm
6867 119.9 156.8 0.44 67.9 11.13 17.5 131 44 165
7000 120.0 159.9 0.45 70.8 10.92 17.5 137 43 169
7100 119.6 161.7 0.45 71.3 10.99 17.4 142 43 171
7200 118.8 162.9 0.44 70.7 11.12 17.2 147 43 172
7300 117.2 162.9 0.43 68.9 11.46 17.0 151 43 172
7400 115.8 163.2 0.42 68.0 11.64 16.8 155 43 173
7500 114.8 164.0 0.43 68.9 11.55 16.7 158 43 174
7600 113.8 164.6 0.43 69.9 11.43 16.5 162 43 174
7700 112.5 164.9 0.44 71.1 11.27 16.4 165 44 175
7800 111.0 164.8 0.44 71.9 11.19 16.3 168 44 176
7900 109.8 165.1 0.44 71.2 11.34 16.3 170 44 176
8000 108.2 164.9 0.44 71.4 11.34 16.2 171 44 177
8100 106.9 164.9 0.44 71.6 11.33 16.0 173 44 177
8200 105.1 164.0 0.45 72.2 11.26 15.9 175 45 178
8300 103.2 163.0 0.45 71.9 11.33 15.8 177 45 178
8400 100.7 161.1 0.45 71.4 11.40 15.6 179 45 178
8500 98.6 159.5 0.45 70.6 11.52 15.5 180 45 178
8600 96.3 157.8 0.46 71.1 11.40 15.3 181 45 177
8700 94.1 156.5 0.47 72.7 11.12 15.2 183 45 177

Now Martin Filfe reprogrammed the ECU to what he calls “Stage II”. Here we show the
stock muffler fitted with the Racecraft intercooler—adding a solid 12 HP. As has been
the case all day, clicks of detonation were neither heard on the copper tube nor seen on
the Digital Wrench. Note the increase in airflow SCFM as well as in increase in turbo
compressor outlet temperature. Racecraft intercooler, stock muffler, Stage I1 ECU

programming
EngSpd STPTrq STPPwr BSFA-B  Airt1+2 A/FA-B BOOST Exh5 Exh7 Air 2
RPM Clb-ft CHp Ib/hph scfm Ratio psig degF degF scfm

7000 120.4 159.7 0.50 174 10.24 19.2 132 36 174



7100 123.1 166.3 0.49 181 10.40 19.6 140 38
7200 124.4 170.5 0.49 185 10.42 19.9 147 40
7300 1251 173.9 0.48 188 10.57 20.2 153 41
7400 124.6 175.5 0.48 190 10.61 20.3 159 42
7500 123.7 176.6 0.47 192 10.69 20.3 163 43
7600 1221 176.8 0.47 192 10.72 20.2 169 44
7700 120.5 176.6 0.47 193 10.79 201 174 46
7800 118.4 175.9 0.47 192 10.83 19.9 179 48
7900 116.4 175.1 0.48 192 10.79 19.7 183 49
8000 114.3 174.0 0.48 193 10.70 19.6 185 50
8100 112.3 173.2 0.48 193 10.92 19.5 188 51
8200 110.4 172.3 0.47 194 11.14 19.4 190 52
8300 108.7 171.8 0.47 196 11.39 19.4 193 53
8400 106.7 170.7 0.47 196 11.26 19.3 196 54
8500 104.5 169.1 0.47 195 11.37 191 199 55
8600 102.3 167.6 0.47 195 11.46 19.0 201 56
8700 100.0 166.3 0.46 194 11.77 18.8 203 57
Here is the Stage II FST with both the Racecraft intercooler and the ELA muffler
fitted. No clicks, and very incredible for what we thought was a 140 hp engine!

EngSpd STPTrqg STPPwr BSFA-B  FulA-B  A/FA-B  BOOST Exh5 Exh7
RPM Clb-ft CHp Ib/hph Ib/hr Ratio psig degF degF
7000 125.0 165.9 0.48 77.8 10.45 19.2 137 43
7100 126.4 170.8 0.46 77.2 10.94 19.8 145 43
7200 127.6 174.9 0.45 77.8 11.12 20.2 149 43
7300 128.0 177.9 0.45 78.6 11.15 20.4 154 43
7400 128.7 181.4 0.45 79.7 11.13 20.5 160 43
7500 128.5 183.6 0.45 81.5 10.99 20.5 168 43
7600 127.7 184.8 0.45 82.4 10.96 20.5 175 43
7700 1261 184.9 0.46 83.4 10.87 20.4 182 43
7800 124.6 185.1 0.45 82.7 10.99 20.3 186 43
7900 122.7 184.6 0.46 83.3 10.90 20.1 190 43
8000 120.4 183.4 0.46 83.0 10.93 19.9 193 43
8100 117.9 181.9 0.46 83.0 10.92 19.8 195 43
8200 116.1 181.3 0.46 82.6 11.00 19.7 198 43
8300 114.3 180.6 0.46 82.4 11.07 19.6 201 43
8400 112.5 179.9 0.47 82.6 11.04 19.5 205 43
8500 109.9 177.9 0.47 82.2 11.08 19.3 207 42
8600 107.6 176.2 0.47 82.0 11.10 19.1 209 42
8700 104.5 173.8 0.47 81.0 11.26 19.0 210 42
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This would be our final positive adjustment today—Martin’s Stage III tune, with

Racecraft intercooler and ELA muffler, which bumped boost to 21 psi—the maximum
the small KKK turbo is capable of today. This allowed the tiny 750cc twin to make of
190CHP! Note that we began the test at 7500 allowing the engine to rev quickly to its
8100 plus RPM HP peak like it does in the field. And once again zero clicks of deto were
seen or heard on John’s 91 octane gas. This, of course, is the way John Cleveland opted

to have his ECU left programmed.
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After this test Martin tried a Stage I'V tune that he uses with his own sled fitted with a
Garrett GT25 ball bearing turbo, and HP flatlined meaning we were tapped out on this
OEM KKK turbocharger! So if greedy John Cleveland wants more HP, then he must
upsize his turbocharger. But that added HP would likely come at the expense of some
low-end throttle response.

Here are the finely crafted stainless steel ELA muffler and the dandily massive Racecraft
intercooler. Note that this large intercooler is cooled by outside air reaching it from ducts
in the front of the hood supplemented by the stock fan, as well as cool air drawn through
the inside of the cool idling turbo compressor during off-boost cruising operation. Also
note the crude copper tubing attached to the engine that transmits critical sonic data to the
control room. I have invested over $100,000 in this dyno testing facility (1988 dollars),
but this $20 roll of copper tube is perhaps the most important tuning tool!



Here is a photo of the air ducts feeding outside cold air at the small stock intercooler at
80mph. The lower duct is providing needed cooling air to the bellypan mounted cooling
system radiator. Also note the ICU-like instrumentation on the intercooler inlet tubing.

ADDENDUM by Martin Filfe
POLARIS FST DYNO SESSION

This addendum presents additional information following the Polaris 2006 FST dyno test
session held at Dynotech Research on December 21st, 2009. The information presented
below is intended to be reviewed and edited by Dynotech Research prior to integration in
the final article to be posted on the Dynotech website. The topics are :

e Description of the test engine.

e Overview of findings from a datalog perspective.
e Thoughts and personnal conclusions on dyno results achieved.

e About me.



1-) The test engine

The test engine was a 2006 Weber MPE750 (Multi Purpose Engine). This engine has
been used on all Polaris four stroke turbocharged snowmobiles from 2006 to present.

The MPE750 is manufactured by WEBER AG in Germany. It is a single overhead cam,
4 valves per cylinder, four stroke 750cc fuel injected turbocharged, parallel twin cylinder
powerplant. It is controlled by a Bosch Motronic M7.4.4 ECU and features wideband fuel
control as well as electronic boost management with barometric compensation.

The engine uses highest quality Bosch electronic components. Its
mechanical design clearly shows its German engineering origin featuring
forged Mahle pistons, high strength cracked rods design, nicasyl plating
and dry oil sump. It has a 3.45in. bore and a 2.60in. stroke. The
compression ratio is 9.0 :1.

The turbocharger is a proven kkk kO3 unit which has been setup for fast
spool time. In its oem calibration from Polaris, the rated rom is 140hp @
8,000rpm +- 200.

2-) Overview of findings from a datalog perspective
The test engine was connected to a data logging software during each dyno run.
This provided live information on important engine operating parameters during
each dyno run. The data was captured on video for later review and validation.
The operating parameters recorded were :
e RPM

e Coolant temperature

e Air charge temperature

e Target absolute boost pressure

e Actual absolute boost pressure
e Target Lambda

e Actual Lambda

e PTO injector injection time (ms)

e Mag injector injection time (ms)
e Ignition timing

e Knock detection



e Relative load

a-) Coolant temperature :

Most tests were conducted at an engine coolant temperature ranging from 130F to
150F degrees. Fuel pressure was left stock during all tests and the oem 1 :1 rising
rate fuel pressure regulator was also used.

b-) Fuel injection :

Maximum injector duty cycle was logged below 85% on every run, except on
stage 3 where it briefly went to 92% as the engine was under full boost and below
its target rpm of 8,000rpm. This means the injectors have enough capacity and
flow to support up to 190hp in snowmobile application. The oem injectors are
high impedance 550cc/min made by Bosch. For endurance application over
190hp, it would be required to use higher flow injectors in the 625¢cc range.

c-) Air charge temperature :

The air charge temperature recorded by the engine sensor was always 84F +- 2F
degrees prior to each dyno run. Once full throttle was applied, the air charge
temperature dropped and started to climb again as the turbocharger was
generating boost and heat. Regardless of what intercooler was used, the ending
air charge temperature was always the same +- 2F degrees after each run. This
was a surprise as we were anticipating the Racecraft intercooler would have
slowed down the air temperature rise rate per second compared to stock — that was
not the case in the dyno room /dyno room intercooler cooling airflow was very
likely excessive, blasting 35 degree F air at 80mph directly from a 10 inch
diameter duct with far greater cooling of the stock intercooler than would be
experienced in the field-JC].



d-) Boost pressure :

Turbo boost control was managed by the oem electronic boost controller and all
the oem components were left stock. As the ECU calculates required boost based
on a many different parameters such as ambient pressure, air temperature and load
requirement, target boost was established by the ECU algorythm itself. Target
boost for both the oem 2007 and 2008 flashes was logged at 29psia [absolute
pressure is gauge pressure plus atmospheric pressure-JCJ.

The oem 2008 flash had the nice temporary overboost feature built into it. This is
something Polaris introduced in 2008 and which has been available on all turbo
models since then. The temporary overboost allows the engine to run additional
boost when the throttle is initially fully opened. The stage 2 and stage 3
performance reflash also had the overboost built into their calibrations.

In the case of the 2008 oem Polaris flash, the overboost was recorded at 32.9psia
peak boost and the total event duration was 4 seconds — including ramping up
from 29psia (2007 stock target boost) and ramping down back to 29psia.
Although the dyno runs did not show significant gains on the temporary
overboost, it should be assumed the claim made by Polaris is accurate : around
15hp additional on the temporary overboost. The reason is because the dyno had
a much slower engine rpm acceleration rate than real world operation would
permit. In real world operation , the variable clutch system would have allowed
the engine to reach its rated 8,000rpm target much quicker, enabling taking full
benefit of the temporary 32.9psia overboost for 4 seconds.

Stage 2, 3 & 4 performance flashes also had temporary overboost built into their
respective calibration. The long term target turbo boost for the stage 2 was set at
18.0psi . For stage 3, it was set at 19.5psi.

e-) Engine knock control & ignition timing :

No engine knock event was recorded on the oem 2007 & 2008 calibration maps.
The same result was achieved on stage 2, stage 3 and stage 4 performance flashes.
Again, all tests were done using the same fuel : 91 octane premium.

Stage 2, stage 3 and stage 3 flashes incorporated a custom high performance, yet
knock safe, timing curve map.

3-) Thoughts and personnal conclusions on dyno results achieved
e The type of exhaust system used does not have a significant

impact when used on lower oem boost settings.

o The ELA only generated marginal gains (1 or 2 hp) on
stock boost;

o The 2006-2007 oem muffler was almost identical to the
later 2008-2010 muffler.

o An«emptied » original muffler did not generate power
gains at low boost



The exhaust system becomes more impactful once boost is
increased and exhaust flow volume is higher. This is where
theELA provided gains and also where less restrictive oem
mufflers would also provide gains.

Total mass air flow processed through the intercooler is
relatively small compared to larger displacement engines.
The intercoolers tested proved they have the required cooling
capacity to cope with the exit temperature at the turbo.
However, the larger Racecraft intercooler was flowing
significantly better and allowed greater power output in dyno
runs.

Both intercoolers had high pressure drop before and after the
intercooler — up to 2 psi. | feel this is a major area where
additional power gains can be obtained through additional
R&D and better design. | can see an easy 4-7hp gain
potential right there.

The stage 2 performance reflash was by far the most effective
engine power output enhancer, showing gains of nearly
25hp. That was observed regardless of the intercooler or
exhaust system used.

The stage 3 performance reflash was the optimal ECU
calibration tested during the dyno session. With power output
a little over 190hp, it allowed the engine to reach peak power
without a single hint of detonation on 21 Octane pump gas.

The stage 4 performance reflash showed a lower power
output. The likely explanation for this is the fact the oem kkk
turbocharger is forced to operate outside its efficiency range
and design. However, tests on a Garret GT25R conversion
have shown significant additional power with Stage 4.

Regardless of the performance flash used, results lead to
believe the use of NGK BKR?EIX plugs and 160F thermostat
was key in helping prevent engine detonation on premium

pump gas.



e |t should be understood the performance reflash versions
tested go far beyond only increasing boost. They involved
changing settings to over 14 calibration maps and several
functions in the ECU. Boost is only part of the equation but
certainly not the only reason explaining the dyno results.

4-) About me
I live in Canada, near Montreal. My powersport experience is the accumulation of nearly
30 years of hands-on testing and prototyping special parts and systems to enhance
performance. Through the years, I have been active in the marine, motorcycle,
automotive and snowmobile market segments. In 2002, the John Deere Company
published an article in their annual report featuring a special project I did in the
turbocharged marine diesel field. Motorsports has always been a passion through the
years and I have always worked towards improving while retaining high standards of
reliability.
I started the Polaris FST improvement project nearly 3 years ago. I bought a new 2007
Polaris Switchback FST and began logging operating data during the first year. At the
time, I quickly realized that the ECU calibration was key to greater performance
improvements and increased engine power output. After a year of riding my 2007 SB in
stock trim, I decided to initiate 2 projects : 1-) converting the turbo to a GT25R and 2-)
cracking the code on the ECU to enable custom tuning.
The ECU project took 5 months to complete. The major steps involved were to :

o create a serial communication protocol to access the ECU;

o Establish a checksum recalculation algorythm enabling changes to the ECU

o Work and edit the different ECU maps to change the Eprom image with ease and

flexibility.

I wanted to avoid the old school ‘chipping’ technology to reflash the ECU as it
physically alters the ECU, is more expensive, and is not reversible to stock unless the
chip is removed from the ECU. I wanted a technology much closer to what state of the
art companies such as MoTec (which I am also working on) currently offer : on the fly
tuning, serial communication with no need to mess around with chips.
Once I completed the development of the ECU reflash technology, field testing and
development started. Tests were conducted over more than 6,000 miles of snowmobile
riding in real world conditions. I used my own snowmobile for testing and prototyping.
In addition, I purchased a Polaris MSX 150 watercraft equipped with the same engine to
continue development during summer time. The dyno results reflect a lot of hard work,
dedication and appreciation for an awesome platform that has been made available to us
by Polaris. I am pleased with the results.
Martin Filfe : mfilfe@videotron.ca




