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For our recent subcribers who are unfamiliar with
the annual Batlle of Old Forge, here is a brief
background.

In the eary eighties, Jemy Bassett, then editor of
SnoGoer Magazine, did an annual consumer
"shootout” in which each manufacturer’s highest
performance sleds were compared in a
head-to-head radar and stop watch comparison.
However, it was suspected that some of the
musclesleds were showing up for the "shootout” in
less than ‘"stock” trim. This resulted in too many
instances of atypical E.T.s and speeds. Policing the
"stockness’ of the sleds was impossible. The test
results provided little benefit to the consumer, and
the SnoGoer Shootouts were discontinued in 1983.

Two vyears ago. Jemy, now the publisher of
American Snowmobiler, and | decided to resurrect
the performance sied field shootout. Jerry believed
that it would be great fun to correlate our
independant dyno test resutts with actual field
perfoormance. How do the out-of-the-crate STOCK
stock performance sleds compare? How does
‘dedler prep*’, or ‘fine tuning' affect the
performance of the snowmobiles that consumers
purchase? Most importantly, we needed to
establish a means of obtaining new stock test
snowmobiles and GUARANTEEING their stockness.

Jerry and | hooked up with George Taylor, owner of
Van Auken’s Inne in Thendara, N.Y.. George is a
snowmobile performance enthusiast who helps
organze the annual December Old Forge, N.Y.
SnoDeo winter camival. He agreed to organize the
Old Forge area snowmobile dealers, who would
provide out-of-the-crate stockers, orchestrate the
Dyno Certification, and obtain a proper test site.
The local dedlers who provide the machines and
set-up assistance are:

Big Moose Yamaha/Arctic Cat--Eagle Bay, N.Y.
Smith Marine Ski Doo--Old Forge, N.Y.

Don’s Polaris--Old Forge, N.Y.

The dedlers as a group randomly select one of
each of the crated test sleds from each others
inventory. Then, they have a communal set-up
party where each machine is uncrated and
assembled under George’s watchful eye. An equal
number of traction devices are installed by the
deadlers. Then, each sled is weighed with three
gallons ot gas on a N.Y.S. certified scale, and
brought to our Dyno for "certification”,

Typically, we dyno test enough of these machines
during the pre-season to know what the stock
horsepower of each should be. During the dyno
certification for Battle I, the dyno revealed excess
airflow and horsepower on one machine as the
resut of an aibox that had been altered by an
overzealous technician. The airbox was replaced,
and a fair "Battle |" followed. Since then, no one
has tried to sneak a ‘ringer through the dyno
certification.

After dyno cerification, we seal the hoods to the
chassis with tie-wraps and serial numbered electric
power meter seals. The sleds are then locked in
their respective trailers to await the field shootout.

In the past, the middleweight sleds have been
subjected to field tech (compression. squish, Qirbox,
etc.). This year, Land and Sea brought along one of
their portable DynoMites (a compact, hand
operated, computerized water brake that attaches
to the crankshaft) to check the 580 class sleds.

—
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THE DYNO CERTIFICATION

This year, we opted to dyno test all of the 650 cc
and larger sleds. This called for a marathon two-
day dyno session, involving seven BIG machines.

Remember when we all sipped and moaned
about the excessive weight of the Mach 1's, 650
Indys and Wildcats? Then, along came the lunker
V-Max 4 that put them all to shame. Who'd have
thought that in 1993, the V-Max 4 would be the
lightest among the new mountain-motored mus-
Clesleds?!

Dragging a total of two tons of snowmobiles on
and off the C&H Dyno over two days is bullwork!
Less work, for sure, than removing from the chassis’,
dyno testing, and reinstaling seven engines, but
tedious still.

This session was made easier by all of the help we
had: Tom Smith (Smith Marine Ski Doo), George
Taylor, John Martin (Big Moose Yam/ Cat), Don &
Jamie Loson (Don’s Polaris), and Pete Webb (Webb
Performance).

For the second year in a row, John Martin had the
dubious honor of buying dinner for everyone else;
this the reward for being the high horsepower
dealer of the year. John can’t compilain, though:; it
was his idea during our first Certification Session for
Tom Smith to receive the same honor for Ski Doo’s
high horsepower Mach 1X.

This year at certification time, we had tested sever-
al production 1993 V-Max 4s, Thundercats, and In-
dy Storms but the Mach 1Z was fresh from the first
production run. As we expected, though, the
Mach 1Z engine produced close to the 144 horse-
power that the SkiDoo factory engineers suggested
it would.

On the day of our Dyno Certification, we were
blessed with cold winter-like qir. After short part
throttle warm-ups, we ran two or more 12 second
dyno pulls on each engine, using their stock cool-
ing systems. In each case, we used the second,
warm engine-hot pipe run for our published data.

The 900 Thundercat was quite typical of the others
we had previously tested. The stock jetting was a

bit rich, even to the point of misfire in the midrange
(low RPM, Wide Open Throttle) but safely crisp at
the power peak. t made 167 CBHP on its "cool’ puill.

1993 ARCTIC CAT THUNDERCAT
WEIGHT W/3 GALS. GAS 606 Ibs.
Data for 29.92 inches Hg. 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .745

Vapor Pressure: .14

Barometer: 29.89

RPM  CBT CBHP FUEL BSFC CAT

6500 873 1080 780 71 41
6750 849 108.1 908 82 41
7000 831 1108 947 84 42
7250 875 1208 996 81 40
7500 902 1288 1032 79 40
7750 967 1427 1063 73 41
8000 1029 156.6 1080 .68 42
8250 1037 1629 1101 67 42
8500 99.8 1615 1132 69 42
8750 883 1471 1135 76 42

The Mach 1Z also was safely rich, with factory
jetting that gave us a high .60’s BSFC. If took a bit of
doing to measure the airflow on this one. Pete and
Tom created a cardboard and duct tape
masterpiece sculpture that adapted our single
large aqir flowmeter to the two separate dirboxes
(PTO & CENTER for one, and the MAG only for the
other). The test data shown was with the
snow-foam in place in the airbox openings. The first
‘cool” pull produced 145 CBHP. We did some
subsequent testing with the foam removed from
the airbox openings; the dirflow increased 2%. and
the fuel flow dropped just a bit as well.

STOCK 1993 SKI DOO MACH 1z

WEIGHT W/3 GALS. GAS 586 Ibs.
Data for 29.92 inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .745

Vapor Pressure: .14

Barometer: 29.98

RPM  CBT CBHP FUEL AIR  A/F BSFC CAT

7250 89.1 1230 881 2039 106 71 50
7500 921 1316 949 2162 105 72 50
7750 936 1381 949 2219 107 48 51
8000 928 1414 965 2299 109 68 51
8250 914 1436 974 2338 110 67 51
8600 885 1432 1101 2327 97 76 52
8750 852 1419 1019 2346 106 7} 51
9000 759 130.1 1008 2393 109 .77 51 —
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For 1993, Yamaha reduced the V-Max 4 standard
jetting to 135s, down from last year’s 140s. Even with
the snow-foam in place, this was so lean on the
dyno that we encountered lean-surging on our first
several pulls, and accurate data was not
obtained. With the engine and pipes quite hot (the
engines naturally enrichen at higher temperatures)
we were able to get one smooth 12 second
acceleration run. This would be our certification run,
with a .57 BSFC at the power peak.

1993 YAMAHA V-MAX 4

WEIGHT W/ 3 GALS. GAS 582 Ibs.
Data for 29.92 inches Hg. 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .745

Vapor Pressure: .14

Barometer: 29.86

RPM  CBT CBHP FUEL BSFC CAT

Voume 5 Numberl PFaged

Next, the Indy Storm’s wam-up pull was done with
the side-holes in the airbox taped shut, for accurate
airflow data. This caused the fuel flow to enrichen
approximately 10%. so our cool pul horsepower
data was low. With a wam engine and hot pipes
and the airbox side-holes open, the standard 340
main jets gave us a safe, low .60's BSFC.

STOCK 1993 POLARIS INDY STORM

WEIGHT W/3 GALS GAS 597 ibs.
Data for 29.92 inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .745

Vapor Pressure: .14

Barometer: 29.94

RPM  CBT CBHP FUEL AIR A/F BSFC CAT

6000 636 727 331 1834 115 45
6250 800 952 545 1922 109 56
6500 8569 1063 690 1992 104 64
6750 883 1135 761 2031 95 66
7000 893 1190 807 2075 93 47
7250 907 1252 830 2129 103 46
7500 874 1314 840 2172 108

REBE/IREES

63
7000 717 956 637 66 42 7750 755 1290 877 2166 106 67
7250 703 970 632 64 42 8000 567 1150 859 2127 105 .74
7500 716 1022 648 63 44
7750 836 1234 739 59 45
8000 863 1315 751 57 45
8250 862 1354 778 57 44
8500 824 1334 777 58 45
8750 769 1281 770 &0 45

170hp

160hp

150hp

140hp |

130hp 1

120hp

110hp 1

100hp

90hp

6000 rpm 6500 rpm 7000 rpm 7500 rpm 8000 rpm 8500 rpm

9000rpm
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The EFI 700 Wildcat was tested without fuel flow
data. Unlike the Polaris EFl sleds which utilze exter-
nal Bosch fuel pumps. the Arctco EFl sleds have
their high pressure pumps submerged in the fuel
tanks. This makes fuel flow data gathering impracti-
cal without major disassembly of the fuel system.

Suffice it to say that the EFI 700 is lean, but obviously
safe. Another observation of the Arctco EFl is that
you can fire the engine up on the dyno and make
a pull without waiting at idle for the engine to ac-
cept throttle. On its first “cool" pull, the EFl 700 made
121 CBHP.

STOCK 1993 ARCTIC CAT WILDCAT 700 EFI
WEIGHT W/3 GALS GAS 582 Ibs.

Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .745

Vapor Pressure: .14 Barometer: 29.80

RPM  CBT CBHP CAT
63.1
663
684
705
715
723

721
789
847
90.6
9563
9.8

The 1993 Polaris RXL is a bit stronger this year. This is
due in part to leaner fuel flow and to a noticably
quieter, improved exhaust cannister. Like the other
EFl Polaris engines we have tested, the new RXL
required perhaps 30 seconds of idle time on the
dyno before you can feed it throttie. On its first cool
pull, the 1993 RXL made 108 CBHP.

STOCK 1993 POLARIS INDY RXL
WEIGHT W/3 GALS. GAS 558 Ibs.
Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .745

Vapor Pressure: .14

Barometer: 30.06

RPM  CBT CBHP FUEL AR A/F  BSFC CAT
90.2
96.9
101.4
104.2
105.6
105.1

102.3

99.3

61.9
69.5
705
69.6
67.1
633
60.7
58.0

162.8
1724
175.6
176.8
178.6
179.7
179.6
178.3

12.1
114
114
1.7
12.2
130
13.6
14.1

67
70
68

750
77.1
769
74.8
69.8
623

The Mach 1 670 has 8% more dis-
placement than the old 617. It al-
50 flows 8% more air, with a resutt-
ing 6% horsepower increase. The
fuel flow is the safest of all of the
engines tested, with a BSFC of
.70+ Ib/hphr. On its "cool" pull, the
670 made 119+ CBHP at 7500
RPM.

1071
1138
1171
117.5
1130
103.8

120 hp

110hp

RRRGEGEGRREGRERR

100hp

90hp

80hp

STOCK 1993 SKI DOO MACH | 670
WEIGHT W/3 GALS. GAS 584 Ibs.
Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .745

70hp

60hp

WILDCAT EFI

MACH i 670

INDY RXL

| | | l 1

Vapor Pressure: .14 Barometer: 29.97

RPM  CBT CBHP FUEL AR  A/F BSFC CAT
5750 583 638 444 1330 138 69 a4
6000 580 663 5832 1479 128 79 42
6250 626 745 632 1546 112 84 43
6500 70.1 868 685 1662 111 78 43
6750 724 931 717 1731 M1 76 43
7000 777 1036 746 1831 1.3 7] 44
7250 778 1074 781 1894 1.1 72 43
7500 784 1120 831 1948 108 73 43
7750 784 1167 877 2005 105 75 43
8000 728 1109 901 2050 104 .80 44

§500rpm 6000rpm 6500rpm  7000rpm 7500rpm  8000rpm  8500rpm 9000rpm

650-700 CC
MIDDLEWEIGHT
SLEDS




THE FIELD TEST RESULT

As was the case last year, George Taylor's son,
grass and ice dragracer Zach Taylor was our test
driver.

We finally had snow, ice, and cold temperatures!
The Ole Bam in Inlet, N.Y. again provided our test
site. This is a 700" ice drag strip, with a hundred
yards of hard-packed snow on grass whoop-dee-
dooing down to the ice, then another hundred
yards of rough, snow-covered, recently bulldozed
earth beyond the ice providing the final approach
to the 1/4 mile cone. Then, there was another hun-
dred yards of brutally rough, curved “shutdown® for
Zach to negotiate. Zach wishes to thank the facto-
ries for the excellent suspensions and brakes. Two
radar guns were used to make sure there were no
discrepancies in MPH readings.

It was between Zero and 10 degrees F during the
BATTLE Il (Inlet is 1500° above sea level) which gave
us crisp winter conditions.

Among the Musclesleds, the Mach 1Z had the best
holeshot-the 4600 RPM engagement and proper
suspension setup were ideal for the conditions. It
overreved a bit.

The Thundercat spun like crazy, with the skis drag-
ging for the first 100 ft. There were some tense mo-
menits for the Arctco people when the Thundercat
made its first pass blubbering on two cylinders. Jerry
and | allowed them two more passes, following a
plug change and the addition of two more galions
of pump gas in case there was a starvation prob-
lem (Cat dragracers have to run excessive amoun-
ts of gas to prevent such occurences). Finally oper-
ating on three cylinders, the Thundercat spun vio-
lently for 100°, then even while overreving nabbed
the top MPH honors.

The V-Max 4 was lots better than iast year, with a
decent hole shot and top end representative of its
horsepower. According to the Yamaha people, the
shift point was on the money.

The Storm was obviously the least prepared for our
Battle lil. Logey out of the hole, and ovemeving
badly during the run, the Storm was in desperate
need of clutch tuning. It reminded us of last year's
V-Max 4.

The Mach 1 670 and RXL both performed well out
of the crate, with both overmeving a bit but, putting
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on acceleration demonstrations that made some
of the mountain motored sleds blush.

In the 580 class, there is obviously one ciass winner.
The Ski Doo Plus X should be in a class by itself; as
our previous dyno tests indicate, the 10+ horsepow-
er advantage that the Plus X has over the other
580s is too much for the others to compete with.

The 93 MPH 1/4 mile speed that the Pius X stocker
ran was documented by two radar guns. The dis-
crepancy between the first and second stock runs
can be blamed on the Plus X’ failure, as Zach put it,
to "clean out” until half track on the first run.

The other 580’s may have overreved worse than
the Plus X, but even with the "dealer prep” clutch
adjustments, they couldn’t match the performance
of the 580 Rotax.

| OUT OF THE CRATE
ORDER OF FINISH

¢y
MACHI-Z THUNDERCAT/MACH 1-Z
" THUNDERCAT V-MAX 4
5 V-MAX 4 STORM
0 S
0 THUNDERCA
0 THUNDERCAT MACH I-Z
B8 V-MAX4 V-MAX 4
~ STORM STORM
Y s
p MACHI WILDCAT EFI/MACH I
5 WILDCAT EFI RXL
0 RXL
7 ey 14
0
0 WILDCAT EFI WILDCAT EFI/MACH I
cc MACHI RXL

m—— -8 |
580-Z FORMULA PLUS X
FORMULA PLUSX  580-Z/XLT
EXCITER SX EXCITER SX
INDY XLT

144
580-Z FORMULA PLUS X
FORMULAPLUSX INDY XLT
EXCITER SX 580-7Z
INDY XLT EXCITER SX
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BATTLE OF OLD FORGE

THE DEALER PREP SESSION §

This is kind of like setting up for a quarter-mile pump
gas dragrace, which is how some of us (you) trail
ride. Leaner jetting provides more horsepower.
Befter clutching gives improved starts, and should
put the engine on its true power peak.

Because of Iate sled releases, the Storm and Mach
1Z were at a distict disadvantage; neither Smith
Marine nor Don’s Polaris knew what their "dealer
prep” would consist of for these all new machines.
All they had to go by were the fuel flow numbers
and power peak indicated by our brief Dyno
Certification. Yamaha has had a year to jet and
clutch the V-Max 4. The Thundercats had been on
the snow out east long enough to get some jetting
and clutch setups that were known to work better.

ARCTICCAT = [

For the "deadler tune-up" on the Thundercat, Bob
from Big Moose Yam/ Cat installed a mutti-angie
helix provided by D&D Cycle Arctic Cat. Because
the track was spinning so much out of the hole, the
3000 RPM engagement was left alone. The main
jets were dropped two sizes, as well. These changes
brought the shift speed down from the stock 8500+
to 8200.

The EFI 700 Wildcat was overrevving a bit, so Bob in-
staled a reshimmed front clutch with a yel-
low/green spring. A 55 degree rear helix resulted in
a 7900 RPM shift speed.

The 580 EXT-Z was also overrewving. It had yel-
low/green spring installed in front, and a 58/47 rear
helix put in place of the stock rear helix. But, with
the stiffer front spring. the engine still overrevved a
bit to 8200 RPM.

Smith Marine had no experience tuning the Mach
1Z yet, nor had they spent much time with a Comet
Clutch. Fortunately, the top end power band on
the Mach 1Z is quite broad, and the box-stock 9000
[RPM overrev didn’t hurt it all that much (see dyno

test results). The power jetted flatslide carbs were a
new experience for everyone as well,

The only "prepping" Tom and Doug Smith did was
remove the foam from the airbox openings to in-
crease aiffiow and lean the engine down slightly.
The rear clutch on the Mach 1Z has a one MM larg-
er diameter rear helix, so they had no steeper an-
gles to try. Ski Doo racer Lanny Benoit had a set of
heavier AC weights in his pocket that they installed
in the Comet clutch. These tumed out to be just a
bit heavy, dropping the engagement from the
stock 4600 to 3800. They aiso caused the engine to
underrev to 8200.

The Mach 1670, which had a safe stock .70 Ib/hphr
BSFC had a gutted airbox installed. The stock main
jets were left in place. A 50 degree helix was in-
stalled in the rear clutch, and the front clutch was
replaced with one that had been set up in ad-
vance with a yellow spring. Unfortunately, some
technician neglected to tighten the three bolts
holding the spring seat in place. The seat came
loose during the first "dealer prep” run, causing the
Mach 1to underrev to 7100 RPM. It was retired after
that.

The Formula Plus X was a mystery. Sometime after its
first box-stock runs, it lightly detonated both pistons,
causing a major loss of ring seal. It may have hap-
pened during the DynoMite 580 class certification.
The 100+ CBHP engine only made power in the
eighties on the dynomite. No one knows for sure
when it deto’d. Jerry and | saw the damaged pis-
tons afterwards. At any rate, it lost speed on its sec-
ond set of runs, but was still the overall class winner,
even in box-stock trim.

'YAMAHA .

Big Moose Yamaha's technicians felt that, out of
the crate. both the V-Max 4 and Exciter SX were
shifting at the proper RPM.

All that was done to the V-Max 4 was to install a
couple of shims in the front clutch to raise the
engagement. The stock 135 main jets were further
leaned down to 1325,

The Exciter SX likewise received some front clutch
shims nad the carbs were jetted down two sizes.



POLARIS

As evidenced by its E.T.s and MPH, the Indy Storm
suffered most from incomect stock calibration. As
you can see from the dyno sheets, the Storm lost a
great deal of horsepower by ovemrewing beyond
8000 RPM (while it’s not shown on our dyno printout,
the coolpiped Storm probably makes 90 CBHP at
8200 RPM) in box-stock tim. In the field, these need
to run at 7600 RPM to accelerate best. The Storm
also suffered from rich low end jetting that was
magnified by the 3000 RPM engagement.

With no prior field experience, Don and Jamie
really were shooting in the dark for a decent setup.
They removed the foam from the shelf inside the
airoox. Removing the foam exposes a series of
holes in the shelf, allowing a bit more airflow and
slightly leaned out fuel flow (dyno testing on
another Storm engine showed a 3% increase in
airfflow and a 4% reduction in fuel flow by doing
this). They wound up using the stock rear helix,
loosened to the #1 hole. Front clutching was
unchanged. The “setup’ Storm still overrevved to
8000 RPM, but was still off the mark. Next year wil
be beftter.

The RXL's front clutch received a blue spring, and a
40 degree helix was installed in the back.

To lean out the XLT 580 a bit, all of the foam was
removed from the airbox top. The plastic shelf was
left in place. It, too, had been overrewing a bit
and a 36 degree helix was installed in place of the
stock 34.

That's the way it was, at The Battie of Old Forge Il
on December 9, 1992,

It is inferesting to note that, in the BATILE |, the top
four horsepower producing machines from each of
the factories made a total of about 410 CBHP. We
had lots of fun that year. During the BATTLE i, the
four top sleds made a total of 450 CBHP. This year,
BATTLE li’'s four mountain motors produced 573
combined CBHP! This is possibly too much fun. We
can’t wait until next yeari
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AFTER DEALER PREP
| ORDER OF FINISH

1/ . ys
ACHI-Z THUNDERCAT
7 THUNDERCAT V-MAX 4/ MACH 1-Z
5 V-MAX 4 STORM
0 STORM
To s
0 MACHI1-Z THUNDERCAT
0 THUNDERCAT MACHI-Z
B2 V-MAX4 V-MAX 4
‘ STORM STORM
1/8 18
6 WILDCAT EFI MACH I
5 MACH1 WILDCAT EFI/RXL
] RXL
TO .
7 4 - 1/4
8 WILDCAT EFI MACH I
cc MACHI WILDCAT EFI
o RXL RXL
1/8 1/8
580-Z EXCITER SX
EXCITER SX INDY XLT
INDY XLT 580-Z
FORMULA PLUSX FORMULA PLUS X
4 1/4
580-Z FORMULA PLUS X
EXCITER S§X 580-Z / EXCITER SX
INDY XLT INDY XLT

FORMULA PLUS X

To the manufacturers, dealers and technicians who do-
nate their snowmobiles and travel and set-up time for
our testing.

To George Taylor, owner of Van Auken's Inne, for provid-
ing the event headquarters, and handling all the many
defails required to ensure a fair and smooth-running
shootout.

T

HJ

A To Zach Taylor, our shootout driver.
N

K

S

To Roetin Indusiries and Kimpex, hosts of an excelient
post-shootout dinner for all the participants.

To the Ole Bam Restaurant, for providing the test strip.

To Land and Seq, for the use of thair DynoMite for the 580
certification.

And, of course fo Jemry Basseft, for experily organizing
and publicizing the shootout.
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FURBOCHARGING UPDATE:

POLARIS INDY XLT 580

Here’s onother turbo system by Greg Bennett and TURBOCHARGED 1993 INDY XLT 580 9 LBS BOOST

i ; Data for 29.92 inches Hg, 60 F dry air
me. First Choice Turbo Center. Test: 200 RPM/Sec Acceleration

Fuet Specific Gravity: .739

I’'m beginning to understand why there is so much Vapor Pressure: .21
interest in these lightweight, high horsepower Barometer: 30.30
L ; MAN-P
mid-range Turbo Sleds. After spending a long RPM CBT CBHP FUEL AIR A/f IN Hg. BSFC CAT
week at the Old Forge Snodeo riding all of the
new factory heavyweight musclesleds, it's 6250 688 819 1093 1977 83 17.19 132 49
apparent that even here at sea level, you can 6500 758 938 1133 2223 90 1759 120 49
have LOTS more fun on a 500 pound 140+ 6750 833 107.1 1046 2428 107 1836 97 48
7000 882 1176 985 2538 118 1833 .83 48
horsepower turbo sled than you can on ¢ 600 7250 894 123.4 987 2619 122 1833 79 48
pound 140+ horsepower non-turbo behemoth. 7500 904 1291 975 2675 126 1866 75 48
And if you think that us flatlanders have a good g% Z?-g 1433-3 Zg-g g;gz ;g? }g-?g Zg 32
fime with the lightweight turbo sledsT, Thﬁ 8250 906 1423 976 2775 131 19.18 68 48
Od'VOnTOge iS much more pronounced a h|g 8500 8872 142.7 96.3 279.1 133 1953 67 48
altitude! 8750 845 1408 965 2785 133 1943 68 49

After we completed our Battle of Old Forge Il TURBOCHARGED 1993 INDY XLT 580 12 LBS BOOST

Greg Bennett hopped on each of 'rhe Fi(sf Choice Data for 29.92 inches Hg. 60 F dry air
Turbo Center sleds, and made a quick single pass Test: 200 RPM/Sec Acceleration
on the test frack. Using the same starting spot, he Fuel Specific Gravity: .739
accelerated down to and across the ice. letting Vapor Pressure: 21
f ) 8 Barometer: 29.98
off just past the 1/8th mile cone, around the 800 MAN-P
mark, after the stock gearing on each sled was RPM  CBT CBHP FUEL AIR  A/F IN.Hg. BSFC CAT
about tapped out.
6500 763 944 873 2322 122 2254 92 49

. . 6750 857 110.1 990 2639 122 2363 8 49
The TUrbOChorged Exciter ”, Exciter SX, EXT'.Z, and 7000 884 1178 985 2736 128 2398 83 49
XLT all ran in excess of 100 MPH on radar in that 7250 947 1307 992 2873 133 2435 75 49
short distance. All of those turbocharged 580 7500 99.2 1417 1008 2965 135 2465 71 50
machines were quicker and faster than the big 7780 989 1459 1014 3027 137 2448 69 50
factory musclesleds. The Turbo Mach 1 670 and S0 1900 1523 1011 3059 139 2483 & 50
acrory - . 8250 1004 157.7 1006 3110 142 2535 63 50
Turbo V-Max 4 are both a bit faster, but are also 8500 985 1594 1021 3096 139 2542 64 50
heavier and not nearly as nimble. 8750 952 1586 1036 3122 138 2570 65 50
Don‘t take my word for it--ask Jerry Bossef, who TURBOCHARGED 1993 INDY XLT 580 14 LBS BOOST
rode all of the Turbo Sleds. fhese 140+ HP Data for 29.92 inches Hg, 60 F dry air
lightweights are docile enough to easily be trail Test: 200 RPM/Sec Acceleration
ridden through the moguls and woods--then wick Fuel Specific Gravity: .739
the throftle when the time is appropriate for vapor ressure: .21

€ : pprop Barometer: 30.00

amazing results. MAN-P

RPM CBT CBHP FUEL AIR A/F IN.Hg. BSFC CAT

Here are the numbers from the XLT for your 6500 817 1011 969 2480 118 2532 95 48

perusal. This is an absolutely stock engine, never 6750 846 1087 1025 2608 117 2567 04 48
taken apart, with the smaller Aerodyne Series 53 7000 963 1284 1051 2904 127 2679 81 48
turbocharger. For fun, we increased the boost on 7250 1005 1387 1033 3045 135 2731 74 47
fne XIT to see what kind of high octone 7598 8 145 1090 3108 139 2699 70 P
horsepower was available for those who wish to 8000 1034 1575 1038 3232 143 2774 65 49
lakerace on 110+ octane gasoline. 8250 1040 1634 1054 3274 143 2826 64 48

8500 1022 1654 1053 3284 143 2873 63 48
8750 996 1659 1059 3282 142 29020 63 48
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This is the stock horsepower King for 1993.

We’'ve tested three of them so far and every one
has produced around 165 CBHP with pump gas
jefting. The word was out early that we got 171
CBHP out of our first stocker, but that was with
drag-only jetting. You can refer to our BATTLE OF
OLD FORGE |l data as a baseline for our
Thundercat Performance Improvements.

First, some semi-educated observations on the
new Suzuki 900cc triple. Having seen the inside of
the engine during this session, | would say that the
reed cages are certainly more than adequate.
They may, however, be somewhat limited if the
engine were to be used for high RPM, full mod rac-
ing. (This would be of concern to less than 1% of
our subscribers). The six petal fiber reed cages are
about the same as those on the cylinders of the V-
Max 4 750, which has four reed cages vs. the Thun-
dercat’s three. That's 33% more reed areaq.

The Indy Storm 750 has eight-petal reed cages-—-
again, 33% more area if the petals are similarly
sized. The 773cc Mach 17, too, has six petal reeds.

The nickasil lined (our favorite) cylinder castings
appear a bit thin for major port changes. Again,
this is only a concern for those who wish to use this
engine in open mod racing. The "trail porting” that
Dale Roes of D&D Cycle did on this engine, while
moderate by today’s standards, had to be done
carefully to prevent striking coolant around the
triple exhaust ports. Future major engine modifica-
tions will surely require "open-port surgery" to weld
material around the port castings to give the en-
gine builders more leeway.

These annoyances aside, when you have 300cc
puling on each reed and carb and pumping
through each cylinder, minor limitations don’t mat-
ter much. And, the smallish reeds and ports won’t
be a bother until one tunes this Big Guy up into the
9000+ RPM range. where the BMEP and torque
may be reduced. But, as it is, 200+ CBHP in high
RPM racing trim should be easily within reach.

Wt. w/3gals. gas: 606 Ibs.
Comet Drive cluich

After that, it really doesn’t matter too much.

Contrary to the popular saying, good engine
design can be a substitute for cubic inches. But
when you have both, it gives you reason to smile,

Here's D&D Cycle’s Thundercat, done in two days
on the dyno. We started with a bone stocker, with
025" cut from the head sealing surfaces. Note that
the higher compression has lowered the power
peak slightly to 8100 RPM.

None of these combinations have been tested
under extended pump gas use, and are shown as
a technical exercise.

We did all of our testing with 100 octane unleaded
C10 gasoline.

1993 THUNDERCAT / .025" FROM HEADS
38 MM CARBS / Q2 NJ / 440 MJ

Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .741

Vapor Pressure: .25

Barometer: 30.07

RPM  CBT CBHP FUEL BSFC CAT

6000 849 970 672 68
6250 903 10785 772 7N
6500 928 1149 849 73
6750 89 1217 922 82
7000 839 1268 956 .84
7250 967 1335 10016 75
7500 1066 1508 1013 .66
7750 1107 1634 1049 .63
8000 1119 1704 1083 .63
8250 107.7 1692 1147 67
8500 86.1 1393 1144 81

GRRRGEEEERRE

Next, we removed both tubular baffles from the
airbox intfakes. The open airbox resutted in slightly
lower fuel flow, and presumably more airflow (we
hadn't installed our airflow meter yet). The leaner
airflow gave us a hotter pipe, and the power peak
slid up a bit.
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1993 THUNDERCAT / .025" FROM HEADS

38 MM CARBS / Q2 NJ / 440 MJ / GUT AIRBOX
Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .74]

Vapor Pressure: .25

Barometer: 30.07

RPM  CBT CBHP FUEL BSFC CAT

6000 814 930 605 64 47
6250 908 108.1 745 68 47
6500 934 1156 827 A 47
6750 921 1184 884 74 48
7000 951 1268 944 74 46
7250 993 1371 980 71 46
7600 1049 1498 9946 66 45
7750 1075 1586 993 62 45
8000 1127 1717 1085 61 46
8250 1104 1734 1097 63 46
8500 924 1495 1102 73 46

I can’t remember quite why we made our next
change. Anyway, we opted to install 400 main jets
to drop the fuel flow just a bit. Note the 10% reduc-
tion in main jet size only reduced our fuel flow 3%.
Could the 440 mains have been slightly exceeding
the flow capability of the stock @2 needle jets in
this situation? At this point, we installed our airflow
meter,

1993 THUNDERCAT / -.025" FROM HEADS

38 MM CARBS / Q2 NJ / 400 MJ / GUT AIRBOX
Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .741

Vapor Pressure: .25

Barometer: 30.07

RPM  CBT CBHP FUEL AIR A/F BSFC CAT

6000 874 998 717 2166 141 71 49
6250 933 1110 789 2280 134 70 a9
6500 959 1187 848 2356 129 71 49
6750 965 1240 880 2367 125 70 49
7000 989 1318 932 2414 121 70 47
7250 1028 1419 951 2466 120 66 49
7500 107.6 1537 949 2559 123 61 49
7750 1102 1626 980 2670 125 60 48
8000 1145 1744 1019 2792 126 58 48
8250 1119 1758 1059 288.1 124 60 49
8500 910 1473 107.2 2880 124 72 49

The stock reed stops are set at 7.5mm at the tips. If
7.5mm is good, wouldn't 10mm be better? No.
The aifflow went up, but the horsepower stayed
about the same. Another couple of hours blown,
but now we know.

CONTINUED

1993 THUNDERCAT / -.025" FROM HEADS

38 MM CARBS / Q2 NJ / 400 MJ / GUT AIRBOX
10.5 REED STOPS

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .741
Vapor Pressure: .25 Barometer: 30.09

RPM  CBT CBHP FUEL AR A/F  BSFC CAT

6000 846 966 677 2199 146 .70 52
6260 928 1104 772 2348 138 70 52
6500 962 119.1 838 2425 13.) .70 53
6750 98.1 1261 902 2490 126 .71 52
7000 99.1 1321 955 2506 120 .72 51
7250 1043 1440 972 2578 121 67 53
7500 1066 1522 990 2651 123 65 52
7750 1121 1654 1010 2788 126 6] 83
8000 1142 1740 1042 2012 128 &0 52
8250 110.8 1740 1083 3008 128 62 52
8500 865 1400 1055 2946 128 75 52

As long as we were scrutinizing aiflow, we installed
a set of carbs bored to 39.2mm. The stock Q2
needle jets were replaced with Q5's, and 400 mains
left in place. Now we saw a slight increase in airflow
accompanied by a slight decrease in fuei flow.
Most likely, half of the modest horsepower increase
was the result of the slightly lower fuel flow.

1993 THUNDERCAT / -.025" FROM HEADS

39.2 MM CARBS / Q5 NJ / 400 MJ / GUT AIRBOX
10.5 REED STOPS

Data for 29.92 inches Hg., 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .741

Vapor Pressure: .25

Barometer: 30.10

RPM  CBT CBHP FUEL AR A/F BSFC CAT

6000 859 98.1 698 2279 146 70 43
6250 918 1092 762 2391 140 69 43
6500 966 1196 833 2468 133 69 43
6760 989 1271 869 2533 140 67 43
7000 100.1 1334 932 2573 126 69 43
7250 1037 1432 939 2634 126 64 42
7500 1083 1547 963 2741 130 61 42
7750 1137 1678 986 2862 132 58 42
8000 11564 1758 1009 2969 137 56 4]
8250 1132 1778 1035 3076 136 57 43
8500 912 1476 1024 3048 135 48 43

Finally, we installed cylinders that Dale had trail
ported very cautiously, given the thinness of the
cylinder castings.

—
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1993 THUNDERCAT
PORTED CYLINDERS/ -.025" FROM HEADS
38 MM CARBS / Q2 NJ / 400 MJ / GUT AIRBOX
Data for 29.92 inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleraton ] = = = - — - -_—
Fuel Soecific Gravity: .739 STOCK BASELINE .025 " FROM HEADS
Vapor Pressure: .16
Barometer: 30.39
RPM CBT CBHP FUEL AIR  A/F BSFC CAT 1025 * FROM HEADS .025 * FROM HEADS
6000 815 931 678 2135 146 71 50 GUT AIRBOX GUT AIRBOX
6250 893 1063 739 2343 147 68 50 REDUCE JETTING 400 MJ
6500 931 1152 816 2482 139 69 50
6750 974 1252 898 2605 133 70 5] -
7000 993 1323 649 2643 128 70 50
7250 1036 1430 970 2678 127 66 50 .025 * FROM HEADS GOI?TSAIE%%'\)::::E:I
7500 1095 1564 963 2777 132 &0 50
7750 1151 1698 989 22010 135 57 50 Gl;Tqull:ABﬁ)éZ(;OBsMJ 39.2 MM CARBS
8000 1182 1800 1033 3035 135 56 50 .
8250 1182 1857 1075 3155 135 57 49 PORTED CYLINDERS
8500 1088 176.1 1086 3240 137 &0 50
190hp

//\\
o THﬁlC\TTII)CEﬁ(T)AT S
170hp }— PERFORMANCE IMPROVEMENTS ‘‘‘‘‘‘‘‘‘‘‘
]60hp A et e e oo
]50hp ;;;;;;;;;;;;;;
140hp
130hp
120hp}V— e bl
~|~|th ;;;;;;;;;;;;;;;;;;;;;;;;;;
100hp <~
90hp |

6000 rom 6500 rpm 7000 rpm 7500 rpm 8000 rpm 8500 rpm
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The catalogs were full of
‘hop-up" pipes for the AWS chassis Wildcat 700.
But, as of mid-November, the only aftermarket
company that had pipes to ship to us was PSIl. We
also had a set of stock exhaust fianges that had
been modified by the insertion of some intemal
tubing. The intemal tubing was ostensibly inserted
to smooth out the aiflow and more closely match
the size of the stock exhaust ports.

For our baseline test, we ran a 1992 carbureted
Wildcat 700 AWS with 350 main jets conservatively
safe for the 50 degree F Carb Air Temp in the dyno
that day.

1992 WILDCAT / STOCK PIPES

40 MM CARBS / 350 MJ

Data for 29.92 inches Hg. 60 F dry air
Test: 100 RPM/Sec Accelelration
Fuel Specific Gravity: .741

Vapor Pressure: .10

Barometer: 29.97

RPM  CBT CBHP FUEL BSFC CAT

6500 715 885 673 75 51
6750 721 927 748 .80 51
7000 723 964 849 .87 51
7250 734 1013 814 .80 51
7500 753 1075 833 77 50
7750 768 1133 859 75 51
8000 763 1162 844 72 49
8250 741 1164 931 79 50
8500 64.1 1037 847 81 51

We installed the modified stock flanges. We made
several runs with no discernable difference in
torque or horsepower. They were no better and no
worse than the stock flanges on our stock engine.

Next, we tried a modified cannister that had some
baffing removed to reduce backpressure and
increase sound output. We lost six horsepower by
doing this. As we’ve found so many times before,
the engines need a certan amount of
backpressure to perform correctly.

The new PSI AWS pipes were installed. The
difference was 2.5 more ft/lb of torque and four
more horsepower.

RCTIC CAT

1992 WILDCAT / PS! PIPES

40 MM CARBS / 350 MJ

Data for 29.92 inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleiration
Fuel Specific Gravity: .741

Vapor Pressure: .10

Barometer: 29.96

RPM  CBT CBHP FUEL BSFC CAT

6500 712 881 553 42 48
6780 737 947  60.1 63 49
7000 763 1017 724 70 49
7260 772 1066 818 76 49
7600 772 1102 813 73 49
7750 790 1166  86.1 73 48
8000 79.1 1205 836 49 49
8260 751 1180 831 70 49
8500 658 1065 865 .80 49

We removed the stock cylinders from the Wildcat
700 and installed a set of “trail ported” cylinders
done by D&D Cycle Arctic Cat. The airbox baffles
were removed, and the heads had .025 removed
from the sealing surfaces. The stock 40mm carbs
were retained with the 350 main jets. It should be
noted that on the trail ported engine, three
horsepower was gained by the gutting of the
airbox alone. Also, the periods of reduced fuel flow
entering the carbs were caused not by too lean
jetting, but by engine vibrations.

1992 WILDCAT / TRAIL PORTED CYLINDERS
STOCK PIPES / -.025" FROM HEAD

40 MM CARBS / 350 MJ / GUT AIRBOX
Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .741

Vapor Pressure: .10

Barometer: 20.97

RPM  CBT CBHP FUEL BSFC CAT

6500 781 967 497 51 53
6750 796 1023 613 60 53
7000 813 1084 717 66 51
7250 835 1163 716 62 51
7500 890 1271 679 53 50
7750 904 1334 826 61 51
8000 885 1348 789 58 53
8250 744 1169 864 73 52
8500 482 780 845 107 52



We tried the modified stock flanges on this set of
cylinders, and we lost torque and horsepower. This
was probably due to the fact that the modified
cylinders’ exhaust ports were slightly larger than the
1.D. of the mod fianges.

Next, we instaliled the standard PSI AWS pipes and
picked up three ft/lb of torque and two
horsepower.

1992 WILDCAT / TRAIL PORTED CYLINDERS
PSI PIPES / -.025" FROM HEAD

40 MM CARBS / 350 MJ / GUT AIRBOX
ata for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .741

Vapor Pressure: .10

Barometer: 29.97

RPM  CBT CBHP FUEL BSFC CAT

6500 854 1057 523 49 48
67560 865 1112 &9 54 47
7000 878 1170 713 60 46
7250 905 1249 726 57 47
7500 936 1337 66.1 49 47
7750 928 1369 782 .56 48
8000 885 1348 834 61 47
8250 79.2 1244 901 72 47
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For modified engines, PSI recommends that 1" be
removed from the header pipes and 2' cut from
the center sections. We tested a set of PSI AWS
pipes that had this modification done. While this
modffication reduced peak torque quite a bit, and
moved the power peak up 500 RPM, the
horsepower stayed about the same. i would
appear, however, that the higher RPM power
curve would arguably be a bit easier to clutch: the
power lost by being on either side of the peak
would be less than with the standard PSI AWS twins.

1992 WILDCAT / TRAIL PORTED CYLINDERS
CUT PSI PIPES / -.025" FROM HEAD

40 MM CARBS / 350 MJ / GUT AIRBOX
Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .741

Vapor Pressure: .10

Barometer: 20.97

RPM  CBT CBHP FUEL BSFC CAT

6500 7431 917 510 55 47
6750 777 99 610 &0 a7
7000 804 1072 677 62 48
7250 829 1144 684 59 17
7500 841 1201 637 52 48

7780 862 1272 66.9 52 47
8500 665 1076 789 72 46 133.6 76.2 56 47
1370 89.5 65 47
134.7 89.8 66 47
132.8 88.7 66 47
140hp
™~ S—
~.
130hp
120hp V— o o e\
] 'Ith .....
STOCK W/PS! PIPES
00hp |\ .~ -~ -~ !
.025" FROM HEAD
PORTED/GUT AIRBOX
%hp |—"" __________________________________________________ .025" FROM HEAD .025" FROM HEAD
’ PORTED /GUT AIRBOX  PORTED /GUT AIRBOX
| | CUT PSI PIPES PS! PIPES
80hp | i i |
6500 rpm 7000 rpm 7500 rpm 8000 rpm 8500 rpm 9000 rpm
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WELCOME OLD & NEW SUBSCRIBERS

As we begin our fifth season, | welcome those who
just now are discovering DynoTech. A special
thanks is in order to you original charter members
who were wiling to lay youir money down for a
subscription when DynoTech was only an idea in a
dispiay ad!

This is our 25th issue published so far. it seems like
yesterday that we started DynoTech.

Because of DynoTech, thousands of performance
snowmobilers now understand technical things like
Brake Specific Fuel Consumption. Torque and
horsepower ratings of stock snowmobiles used to
be a mystery. DynoTech has made those part of
the public domain, instead of a dark secret locked
in dyno labs in Japan and Austria.

Our friend Kevin Cameron keeps coming up with
answers to questions and mysteries that we en-
counter, and neat new information for us to digest.

Step-by-step "hop-up* articles by our various con-
tributing editors continue to be a subscriber fa-
vorite.

We've tested hundreds of aftermarket pipes and
other things designed to make snowmobiles per-
form better. Along the way we’ve raised the ire of
a few manufacturers. But that doesn’t matter too
much to our subscribers. What matters is horse-
power. He who makes the most on our dyno, sells
the most.

Horsepower numbers that are advertised by some
aftermarket companies, by and large. are coming
into redlity. But, there are still some scam artists out
there who are making a living selling stuff that is no
better, or even worse than stock stuff. There are still
many ignorant wannabe perfformance snowmobil-
ers who won't spend $40 a year on DynoTech, but
will blindly spend hundred$ on loud stuff that siows
their machines down. The uninformed will atways
keep the scam artists, and us to a certain extent, in
business.

The pathetic, ignorant performance snowmobilers
will always be “lake fodder" for those of you who
have comrectly jetted and clutched ‘stockers”. |t
happens all the time; those sorry devils who are try

%FEEDBACK Jim Czekala
BACKFEED:*-

ing to make what you and | know is junk, run on the
lake, being beaten by propery tuned "stockers'-
with DynoTech decals on the windshields!

It's kind of pitiful, in @ way. But we all must confess
to deriving just a bit of sadistic enjoyment waltzing
past the noisemakers. For that small pleasure, we
must give thanks to the scam artists.

What DynoTech is doing for the snowmobile indus-
try is merely sharing the information gleaned with
an open mind, from a very good, easy to use, fully
instrumented dynamcmeter.

We've even created what many consider a new
industry-sophisticated tuning of snowmobile en-
gines, using air and fuel flow data to compare and
optimize engine peiformance. Transient, or ac-
celeration testing of the engines has become the
industry standard. Those of us who possess the
equipment capable of doing acceleration testing
have found it accurately reflects the realwerd
conditions that snowmobile engines encounter.

As we continue down the road, please feel free to
make suggestions to help us improve our publica-
tion. Thanks to your support, DynoTech is widely ac-
cepted today as the Bible of performance snow-
mobiling. And, as we continue down the road., our
subscriber feedback is important- please continue
to make suggestions to us to improve our YOUR
publication.

FRIDAY TECH LINE 716-344-1312

I am available to discuss information in DynoTech
most (not all) Fridays and even an occasional Thurs-
day. Believe it or not, | don’t leave both phones off
the hook on Fridays! The line is busy because I'm on
it: those of you with speed didlers usually get
through. Keep trying!

THE STORMS

Last season it was pinging Phazers and overrevving
V-Max 4’s that made up the bulk of discussion on
our Friday tech calls. This year it is Polaris Storm own-
ers who are looking 1o us for salvation.

The good news is, it’'s coming around already. Now
most of you know where the power peak really is,



the clutching can be dialed in. And, the new carb
cdlibration surprised us. Just after we picked on
Yamaha last season for tuning the V-Max 4 carbs
with underhood pressure (see Vol 4, #3), Polaris
abandoned its time honored method of venting
the fioat bowis behind the windshield in favor of the
underhood venting, like everyone else does.

Contrary to our opinion of the method of venting
the float bowls, it sounds like it is working in the field.
Those who have switched 1o the tiny 260 mains re-
port good performance.

What is the pressure differential between the airbox
intake and the underhood area? Will those with the
high windshields run richer than the standard, low
one?

We have recently taken delivery of a new 750
Storm to examine how the Aerodyne 143N300 tur-
bo will work on the full case reed engine. When we
field test the turbo, perhaps we’'ll test the pressure
differential with the Magnahelic gauge, and com-
pare those pressures on the dyno with a carbureted
Storm like we did on the V-Max 4 last year.

WHAT DID YOU EXPECT?
Those of you who, for what ever reason, are unhap-

py with your new model musclesled need to exam-
ine the History of New High Performance Snowmo-
bile Models. This is not a book, but it could be. Just
a "think about it*. Look at all of the manufacturers’
past debuts of new high performance snowmo-
biles. Has there ever been an out-of-the-crate suc-
cess?

Think about the 1981 SRX. The first Indy 600’s. The Ex-
citer. The Wildcat 650’s. The RXL. The 580 Mach 1.
The V-Max 4. There are probably others. But, the
point is, after all of these first year disappointments,
the manufacturers have (with the exception of the
‘81 SRX) been able to work all the bugs out. It has
taken a few years of magjor and minor changes, but
the basic machines have been transformed from
poorly calibrated dogs that merely ticked off their
new owners to great, high performance machines.

's nothing new, and it would be absurd to think
that any of the Big Four must come out of the
chute with perfection. They build these things in se-
crecy, and actudl field testing time is ridiculously
limited. Give it time. They always have managed to
get it right in the end.

NOW THAT THE NEW MUSCLESLEDS HAVE HIT THE ICE
I’ve heard some BIG radar speeds coming from the

Thundercats. No less than a dozen radar reports put
the stock Big Cats in the 117 to 124 MPH range, de-
pending upon ice conditions and the particular
gun used.

Volume5 Number]l Poge 15

One interesting phenomenon exhibited by all of
these ultra-high speed Thundercats is the fact that
they are canying their skis off the ice at top speed.
At 120 MPH, there s little acceleration left, so the ski
camying must be caused by aerodynamics. A com-
bination of lift (higher velocity air over the top of the
hood), created by the shape of the cowl, com-
bined with air packing under the chassis and run-
ning boards may be causing this to happen.

Could this be contributing to the ultra fast speeds
being recorded? Air entrapment boat hulls are ex-
tremely efficient. Comparably powered "tunnel' or
‘catamaran® hulls have a solid 10-20% speed ad-
vantage over similar weight "V* hulls.

If the air is indeed lifting weight off of the skis of the
Thundercat, it may also be reducing sliderail friction
as well.

Driving a fully "aired out” catamaran boat at 100+
MPH is fun, but there is a fine line between maxi-
mum speed and winding up on your back. Couid
the same scenario affect the Thundercat? As Cat
engine builders approach the magic 200 HP mark,
it will be interesting to see what happens to the
Thundercat’s high speed aerodynamics.

UPCOMING PIPE SHOOTOUTS
For our next issues, we will try to complete, as soon

as possible, the V-Max 4 twin and quad test, XLT
pipe update, Phazer Pipes (there is a whole rack of
them here) and Exciter ii pipes.Stay tuned.

BENDER JET TOOL

Bender Racing is seling a neat tool to facilitate the
installation of those pesky V-Max 4 and Exciter SX
round main jets. It looks like a standard Mikuni hex-
jet tool, but handles the flat-blade screwdriver style
jets in the new Mikuni carbs.

SLP EXHAUST PROBES
We're using some new, extremely fast acting, open

element Exhaust Temperature Probes that Starting
Line Products sells. They are quite perfect for dialing
part throttle jetting in the carbs on our turbo sleds,
where part throttle exhaust gas velocity is low
enough to delay the reaction of standard shielded
EGT probes. If you want rapid response from your
EGT gauges, these are the hot ticket.

CORRECTION

Pete Monaco called and pointed out that we had
the incomect spec for our MX hop-up in the last
issue. After the 35.5 mm carbs were installed, we
used P4 needle jets.
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| CONTINUED
BACKFEED

@, FEEDBACK

DON'T FEEL SORRY FOR ME DEPT.

A great number of our subscribers read Snow
Week magazine. Many of you read in two re-
cent issues about the "Big Bob (Geaudreau)
Shootout”, run-what-ya-brung-anything goes-
shootout held illegally at the Old Forge
SnoDeo. Snow Week's description of the final
results showed Craig Brinster's Crankshop
1,005cc 230 HP twin rotary valve triple- pow-
ered MX-Z winning the contest over a Tur-
bocharged V-Max 4. Many of you figured out
whose Turbo V-Max 4 came in "second’. But
let me tell you how this drama really unfold-
ed.

There were a hundred sleds or so at the First
Annual Big Bob Shootout. Fortunately for us,
many were stock tfrail sleds, V-Max 4's, Mach
1Z’s, Thundercats, and the like, who didn’t
know they were at the Big Bob Shootout.
Greg Bennett was riding the Turbo Mach 1
670 with the boost turned up slightly so that it
would run even with (or very slightly ahead
of) the Turbo V-Max 4 that | was riding. After
about an hour or so of 1/4 mile burps, it was
narrowed down to Greg and | for top honors.
As Greg and | lined up our crackling-hot tur-
bos for the *final’, Craig Brinster pulled along
side of us with his cold 230 HP, 140 ft/lb
CrankShop Torque Monster (we dyno tested
one of these in real drag tune at 250 CBHP,
1580 ft/Ib torque) with no picks in his track.

Well, the flag dropped, and Greg and | left
the bare-tracked MX-Z spinning. At about 1/4
mile, Greg’s Turbo Mach 1, on my left, had a
ski-tip on my Turbo V-Max 4. But, it's got
longer skis, so | figured us as being even. Then,
in my right peripheral field of vision, | could
sense this Horrible Yellow Thing slowly catch-
ing us. That usually signals that the race is
over, just as someone is creeping up on you.

So, the three of us turned around to do a "roll
on" coming back, to give pickless Craig and
his MX-Z a fair shot at running with us. From a

30 MPH roll, we went on the count of three.
Well, Greg and Craig did, anyway. | left on
two and a half, and held on to my slediength
head start for perhaps a quarter mile. Now,
the Turbo Mach 1 was on my bumper, and
the 1.005cc MX-Z was creeping up again. This
time, being the true gentleman that | am, |
stayed into the Turbc V-Max 4 as the big
CrankShop mountain motor snuck by.

In any true Big Bob Shootout Championship of
this sort, it should be the best two out of three.
So, Greg turned up the boost on the Turbo
Mach 1 fo the Ballistic Mode (he was running
110 octane). The Turbo V-Max 4 had 93
octane in the tank, so | opted to tweek the
boost up only a tad. Towing one or more of
our Turbo sleds off the track would be an
extreme embarrasment,

But, when we went to find Craig for our Final,
it turned out that he had lightly deto’'d a
piston on his only victory, and he could not
show for the True Big Bob Shootout Fingl.
Thank heavens.

So. | made Greg turn the boost back down on
the Turbo Mach 1, and we had it out for the
True Big Bob Shootout Final.

At the start, both Turbo sleds were on the rear
axle, with that long Mach 1 ski out in front. At
the quarter mile mark, there was that long ski
again, just ahead of the Turbo V-Max 4's short
ski. | filed a protest with Big Bob, but it was
turned down.

The true winner of the Big Bob Shootout was
Greg Bennett's Turbo Mach 1 670. The
difference was his ‘cheater boost’, and
overlength Mach 1 ski.

Where was Instigator Big Bob Geaudreau
when all of this went down? He was in the
parking lot of his motel, freshening up the
track of his BobCat 1050 open fuel drag sled
for a photo shoot with Dick Hendricks.

Just wanting to set the record sort of straight,

Jim Czekala



ers, "Never attempt to rework transfer ports. The
factory has spent more time and engineering tak-
ent than any of us will ever have, making those
ports as good as they can possibly be.”

Erv Kanemoto, former kart-engine builder, now with
Honda's European motorcycle road-racing opera-
tions, says "We loved it when Butler said things like
that. It just made it that much easier to beat the
guys who believed him."

There is power in transfer port modifications, but a
lot of tuners do shy away from transfer work be-
cause of the mystique that sumounds it, and be-
cause of the special right-angle grinding equip-
ment needed to perform the work.

There are a lot of variables involved; number and
szes of ports, widths of port dividers or septums,
opening/closing timing(s), port roof angles, port
vertical wall backflow angles. A few years ago.
there was still a lot of variety in transfer design, but
today a solid pattem has emerged that shows up
time and again in new engine after new engine.
Therefore it is possible to make some broad gener-
alizations as to what effects to expect from various
changes that can be made to transfer porting.

DOES THE FACTORY ALWAYS KNOW BEST?

Why should we disbelieve what Jim Butler wrote?
After all, today’s factories are equipped with the
latest in flow-visualzation equipment, such as the
LDV (Laser Doppler Velocimeter), and are even be-
ginning to use computational fluid dynamics to di-
rectly predict complex flows. How can an individu-
al hope to compete against all this? The main rea-
son for hope is based on a fundamental principle
of engine tuning: the factory and the tuner are of-
ter different goals. The factory has to make money,
while you only want to make power. You, the indi-
vidual, can pour into your project the very things
the factory has least of; time, wide experience,
and understanding. At the factory, the engineers
jedlously guard their high educational/professional
status, while the die-grinder-wielding practical men
down in the dyno rooms privately laugh at what
they see as "the paper-pushers” upstairs. A lot of
valuable horsepower can and does get lost as the-
se two groups duke it out with each other, and with
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higher management, the accountants, and the
PCD men (PCD is the Product Cheapening Depart-
ment, who often have the final veto in engineering
matters). In the meantime, you the individual are
free to test whatever you think will work. Every hour
you work is gold, while those poor guys at the fac-
tory have to waste haif their time in meetings, and
use much of the rest of it writing reports for the next
meeting, and protecting their turf. It's not their
fault--working for a corporation is no picnic. Compo-
rate success is not measured in horsepower.

No wonder, then, that practical and hard-working
tuners can always come up with improvements af-
ter the factories do their best.

EVOLUTION OF TRANSFER PORT DESIGN

| want to use an evolutionary description of transfer
design, beginning with the earliest days of Schnuer-
le scavenging.

PRIMITIVE

The first engines had only two transfers, typically
with near-zero roof angle, more or less swept back
towards the rear (non-exhaust) cylinder wall. The
ports are "nozzled", which is to say that they taper
from larger to smaller in cross-section as they rise
from the cylinder base flange to the actual win-
dows in the cylinder wall. They aiso taper when
viewed from above, so exhaust-wall backflow is al-
ways more than rear-wal backfiow. Therefore the
exhaust wall of a port was backfiowed more than
the rear wall, producing a tapered duct when
viewed in plan.

Why did this work? The one thing you don* want
from a transfer design is short-circuiting directly out
the exhaust. This dictates that the flow must be at-
tached to a surface somewhere in the cylinder, so
that the low pressure at the exhaust port will have a
hard time "sucking" the flow off that surface, tuming
it around, and sucking it out. The most convenient
attachment surface is the piston crown. So. to at-
tach the flow to the piston, the roof angle was
made near-zero, delivering the flow flat across the
piston crown. Similary, transfer flow is aimed away
from the exhaust, back towards the rear cylinder
wall for the same reason-to give the flow momen-
tum away from that attractive exhaust port.
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The more you backflow the transfers, however, the
narrower the effective window becomes, and the
more the flow is concentrated on the back wall.
Therefore, two-port designs with a lot of backfiow
tend to have their power lower on the RPM scale,
while designs with less backflow give their power at
higher revs. Thus, the basic backflow rule is this;
more backflow = more low-end, less backflow =
more top-end.

Representative figures are as follows; a high-
performance engine with good top-end might
have exhaust-wall backflow of 30-35 degrees, rear
port wall backflow of 25-27 degrees. A grunt motor
might have exhaust-wall backflow of more like 40-
45 degrees.

The reason for tapering the transfer duct along its
length is to accelerate the flow, preventing the
slow-moving boundary layer air near the surface of
the inside of the tum from actually stopping or even
reversing direction. When it does this, stagnant
boundary layer air accumulates, thickens, and
eventually pushes the fiow right off the surface,
causing the dreaded flow separation.

When you blow through a curved port on a flow
bench, you'll see the aiflow meter rise and fall ran-
domly, and you'll hear variations in the sound of the
flow. This is the vibration caused by repeated sepa-
ration/reattachment of the flow on the inside of the
bend.

PROBLEMS WITH PRIMITIVE

The worst lack in a two-transfer engine was lack of
port area. With liftle area to push the flow through,
and with exhaust pipes stil at a largely ineffective
1930s level, the only way to pump charge through
these dinky ports was to jack the crankcase com-
pression ratio way up-—to ridiculous numbers like 1.5,
1.6, or even 1.75 to one. This moved the charge,
but as a resutt, it emerged at such a high speed
that it could then make the trip up the rear cylinder
wall, across the inside of the head, and down to
get lost out the exhaust in a very short time.

The result of this high transfer jet speed is a narrow
powerband, for there is only a very short time when
there is much charge actually in the cylinder, rather
than still down in the crankcase. or hanging out the
exhaust port getting lost. Because the windows are
so small. the loops of charge extending through the
cylinder are not very chubby, so this further limits
the amount of charge in the cylinder. Think of the
charge streams as being trains, passing through a
tunnel. The game is o maximize the tonnage of

‘frain” (the charge stream) in the “tunnel’ (cylinder).
We want to siow the train down, make the tunnel as
long as possible, and make the train as fat as we
can. The obvious answer, which was far too long in
coming, was to simply make the transfer ports big-
ger.

But with the then-fashionable high crankcase com-
pression ratios, bigger transfers did not immediately
work; the crankcase charge blew out too fast and
got lost out the exhaust. As usual with two-strokes,
the four-stroke way of working by making a single
change at a time simply does not work. Working
with a two-stroke, you have to make intuitive, un-
obvious clusters of cormrectly related changes to
achieve a gain.

PRIMITIVE WITH SECONDARIES

Yamaha, MZ, and private tuners now added little
dinky secondary transfer ports, just behind the
rmains. At first, these were just channels gouged into
the cylinder liner, often served through holes in the
piston. They had no real direction, but they added
power and widened powerbands because they re-
duced transfer outflow velocity and “fattened up
the trains”.

SECONDARY TRANSFER EXPERIMENTS

In time, those silly high crankcase compression ra-
tios were given up in favor of a stil-high 1.5:1. This
was in the time period 1965-70. Simuttaneously, ex-
haust pipe design advanced, and was able to take
over alarge part of the transfer pumping work from
the case. The advantage of letting the pipe do
most of the pumping is that you can control its tim-
ing by the location of the diffuser sections of the
pipe. Crankcase pumping depends only on the pis-
ton’s position. Why did a bigger crankcase work
better? Its obvious advantage is that you can suck
more out of it. The crankcase is the “sealed room"
from which the cylinder is obliged to breathe. The
bigger the case, the deeper the breathing.

PROBLEMS WITH MORE TRANSFERS

With more streams entering the cylinder, it was eqsy
for dimensional inaccuracy to creep in, and for the
resutting flow pattern to be disturbed--pushed off to
one side. We have all seen this situation on our pis-
ton crowns as an unsymmetrical bum/sweep pat-
tem. The easiest way to get good direction with
four transfer ports - two big mains and two dinky
secondaries - was to aim the secondaries back and
steeply upward, acting to direct the four flows up
the back cylinder wall. Some companies stuck with
this bad system for a long time, simply because it
was easy to make it work, sort of.
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Suzuki, for example, persisted with this system, even
on its race engines, right on into the eary 1980s.
Bear in mind that, on production engines intended
to spend most of their time operating below their
pipe’s tuned RPM, this system is offen chosen be-
cause it gives such good guidance 1o the charge
streams and keeps them away from the exhaust
port for a while.

Secondary upsweep gives a narow powerband,
but at first no one knew this because there was
nothing better to compare it with. People simply
accepted narrow powerbands as inevitable in
two-stroke engines. Some powerful engines were
build with secondary upsweep, but they had nar-
row, sudden, hard-to-use powerbands.

The powerband narrowing effect works like this; by
directing all transfer streams smoothly up the back
cylinder wall, up-and-back-swept secondaries act-
ed to preserve the high transfer outflow velocity,
thereby ensuring that the streams would reach the
exhaust port in minimum time. This being so, there
was only a narrow range of RPM in which a maxi-
mum amount of transfer stream was trapped in the
cylinder. At ail other speeds, some of the charge
was either hanging down still inside the crankcase,
or was sticking out the exhaust port, getting lost.

Crankcase compression ratio continued to be re-
duced in this era, dropping from the 1.5:1 fash-
jonable in the iater 1960s to numbers closer to
1.35:1 by the early 1970s. At this time | tried "stuffing”
the case of a low case compression design and
was astonished to find that | was losing revs off the
bottom and gaining absolutely nothing up on the
top.

COLLIDING STREAMS |

Now someone had a good idea. Now that there
was more transfer area, people were looking for
yet other ways to slow down the transfer streams in
the cylinder, to delay their reaching the awful ex-
haust port. Why not aim the streams at each other,
instead of encouraging them to zoom at window-
exit speed up the back wall and around the loop
to whizz out the exhaust? Slowing the streams
would, in effect, make the "trqins’ fatter—a proven
principle of making more power and more power-
band. The first step in this slowing process was to re-
duce the roof angle of the secondary transfers,
making them run into each other. Casting technol-
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ogy or personal craftsmanship had to improve to
make this work symmetrically, but when it did work,
torque rose most satisfyingly, and miracle of mira-
cles, the powerband grew wider as well.

COLLIDING STREAMS i

Now it was noticed that the little secondaries couid
hardly hope to overcome the massive backfiows
coming at them from the much bigger mains uniess
something else was done; this took the form of kick-
ing the rear walls of the secondaries around to-
wards the exhaust port, giving the secondary flows
some forward momentum to partly cancel the rear-
ward momentum of the main flows. This jacked
torque up even further, with another gain in band-
width,

COLLIDING STREAMS il

Now someone rationally asked himself, "Why should
the mains and secondaries be of different sizes,
when what we want is a kind of flow stalemate, re-
sulfing in a slowly-rising column of fresh charge in
the rear half of the cylinder? Let’'s make the secon-
daries bigger, and the mains smaller.” They did so,
and the result was again good.

THE NEEDS OF COMMERCE

As noted above, high-perforrnance engines like
moderate main transfer backflow. But for some ap-
plications, low-end power was required, as in
the'golf-cant” family-sled designs from some makers.
The way to deliver this was to increase the back-
flow angles on the main transfers, shooting their
flows radically rearward to keep them out of the
clutches of the exhaust. For the same reason, the
secondary upsweep just discarded in high-po en-
gines was retained for these potboiler designs-—-
because it allowed all flows to be safely attached
to the rear cylinder wall where they were safe from
exhaust suction at low RPM.

Knowledgeable tuners, faced with such horrid de-
signs, sighed and reached for their wellwom right-
angle grinders and their minute-cure epoxy. By flat-
tening the high roof angles of these secondaries,
and filling in the excessive main transfer backsweep
with giue, they were able to get amazing torque
from masses of aluminum previously regarded as of
only paperweight quality.

Lately, excessive main transfer backsweep (and
even exhaust-wall pocketing) has crept into a few
high-po designs. Why? My theory is that such back-
sweep has been found useful on 500 cc GP
motorcycle engines, for the purpose of easing the
fransition from sub-band to powerband (it boosts



the sub-band). Many of the world’'s two-stroke
designers monitor 500 cc bike engine design
closely, because they know monumental sums of
money are spent there. R Is a case of
die-grinder-monkey see, die-grinder-monkey do,
but for applications in which peak power is more
important than smooth power, this excessive
backflow and pocketing is entirely inappropriate.
Nevertheless, the technique has been applied all
over the place; these designs often respond with
increased torque on top to filing this backflow
back to more reasonable angles like the classic 35
degrees.

Likewise, designs from Colliding Streams | period,
with secondary transfers that are either aimed
directly at each other, or back at the rear wall, can
be helped by cutting into their rear walls, re-aiming
their flows towards the exhaust port.

There is no such thing as having too much transfer
areqa in a conventional design. This being so. the
more you can give your high-po engine, the better.
This means that pot-boiler designs with giant
septums between exhaust port and main transfers
can be helped a lot by widening the main transfers
towards the exhaust to "use up” this wasted real
estate (when widening exhaust ports, remember
that there is no value in widening any part of the
port that is below the level of the tops of the
transfers). Likewise, wide dividers between mains
and secondaries can be cut down to a
minimum-all the while being careful to keep
control of backflow angles as you cut, so the ports
retain their ‘nozze”. Sometimes designers like to run
the ring end-gap on a wide septum between
secondary and finger ports, or between a pair of
finger ports. This faint-hearted technique has now
been given up in more contemporary designs
(Rotax gets the credit. & Yamaha has had the
sense to copy their good work) in favor of running
the gap right through the center of the finger
port—-provided it isnt too awfully wide. This works
just fine, and it aliows you to cut down on the width
of those septums.

Now consider how the cross-section of the ports
changes from bottom to window. Transfer ports all
tum the flow at some 90 degrees to enter the
cylinder, and in some cramped designs, this tum
resufts in flow separation on the inside of the bend.
If you make up a dummy crankcase, set your
cylinder on it, and blow air up through the transfers

with a piston set at TDC, you can check how good
your tranfers are at making this tum. Make up a 90
degree velocity probe out of a piece of
hypodermic tubing. and connect it to a sensitive
pressure gage of some kind-such as the trusty
Magneheiic, or a regular manometer with gage oil,
not heavy mercury, in it. With the air streaming out
of the ports, scan the probe orifice over the face of
each port. In all cases, you'll notice that the highest
veloctty is at the top edges of the ports, with lesser
velocities at the bottom edges. In extreme
cases-such as engines with cylinders tightly
crowded together--there will be zero velocity at the
bottoms of some of the transfers. This indicates that
air is actually going into, rather than coming out of,
this region down on the piston crown—so badly is it
separated there. How can the flow attach to the
piston crown if it is Qlready separated from the
bottom of the transfer duct? Is there no justice in
this world?

Tc counter this flow separation, the usual trick is to
accelerate the flow as it makes the tum, and this is
why duct cross-section is greater at the base flange
than at the window. Accelerating the flow helps to
keep the boundary layer—the thin region of flow
near the surface that more or less adheres to the
surface and moves slowly anyway--from reversing
direction, building up in thickness, and forcing the
flow to separate. Some tuners are now trying to find
ways to loop the transfers out farther, so the turn
region is not so close to the window. The desired
resuft is a more uniform velocity profile across the
window, from top to boftom. Peopie add epoxy
filer to the inner radius, and dig out the outer
radius, all the while keeping the contour smooth
and uniform from side to side.
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