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PRESENT DURING TEST: CRAIG SESSIONS
JIM CZEKALA, DICK HILLMAN, PETE HANAS
SLED WT. W/ 3GALS. GAS: 499 LBS

The first thing we discovered after completing the
construction of the C & H Dyno testing facility was
that carburetion, from part to full throttle, had to
be "on the money". The minimum load of the dyno
(unlike a free-spinning snowmobile clutch) forces
us to maintain decent carburetion. Any lean
conditions, from idle to 1/3 throttle, reward us with
zero acceleration; the engines simply sit there and
go "'gooo’ as the throttle is opened. Engine speed
stays the same, or drops, the rubber dampers in
our drive system become hot from the torsional
vibrations, and the dyno operator becomes
frustrated.

The first snowmobile ever to sit upon the C&H
Dyno was our stock 1987 Exciter with the original
butterfly carbs. The butterfly carbs were so lean at
1/8th throttle that we couldn’t break idle when the
engine was connected to the new dyno, because
of the slight drag exerted on the engine. Even at
zero load, it took one week of fiddling with those
dreaded butterflies before we were able to run
our first high RPM test.

We tried the Dbufterffly carb modifications
suggested by Yamaha, which include drilling the
part throttle fuel passages beneath the soft plugs.
and miling down the emulsion tubes in the
venturis. Nothing allowed us to get rd of the
‘gooo’. Finally, local Yamaha technician Don
Fraser driled out the one angled fuel passage
(equivalent to the pilot jet) that was accessable
from the butterfly end of the carb from .5mm to
.8mm. The result was instant acceleration on the
unforgiving dyno, and instant jublilation in the
control room.

After Don figured out which of the circuits needed

THE SNOWMOBILE PERFORMANCE JOURNAL

SR BRac

: S 8 i
N Y .
: B E: \\?\§\ cx\“é\\ et iy oo ¥ > \\\:\
“TTTTIT

R
-

R

enriching, those butterfies worked lke a
cham--both on the dyno and in the field. Then
Yamaha replaced the butterflies (free of charge)
with the infamous 38mm Exciter slide carbs, which
became standard beginning with the ‘88 model
year.

The ‘88 and ‘89 carbs were, in our opinion, cursed
from the beginning with poor part throttle
performance. This was caused by poory
cdlibrated needles that allowed devastatingly
lean conditions at certain throttle positions (see V1
#1), and rich conditions at others.

In 1990, the needle calibration was corrected (the
new Yamaha needles had ¢ taper remarkably
similar to the custom PS| needies we tested in V1
#1). Any remaining reliability (piston) problems
may be attributed to torsional vibrations which
occasionaily tum the contents of the fioat bowls
into what may be a frothy, soda-like, non flowing
consistancy. (This is pure DYNOTECH theory,
substantiated through past observation.
Occasionally we've seen the fuel flow mysteriously
disappear, then reappear when the engine is
held at varied steady-state conditions on the
dyno).

The 1991 570 Exciter combines properly tapered
carb needles with newly angled intake flanges
which may ensure constant fuel delivery. During
the breakiin cycle on our 1991 version, we
searched every throttle position and RPM for signs
of either lean conditions or disappearing fuel flow,
and we found neither. Aside from Yamaha's
injecting the oil into the fuel line before the fuel
pump (one of our favorite peeves), it appears as
though the carburetion on the 1991 Exciter is quite
safe.

Though the 1987 and 1988 Exciter airbox was fairly

free breathing, it utilized hot underhood air for the
engine intake. In 1989 and 1990, the airbox was
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more restrictive, but provided the option of a
*cold air kit* that allows outside air to enter the
restrictive airbox. While Yamaha U.S. engineers
winced at our recommended airbox modification
for the cold air kit in V1 #4, Exciter owners
(including us) who followed these instructions were
rewarded with greatly improved performance.

The 1991 Exciter aqirbox/air intake can be
described as a "luke wam" system. While there is a
snorkel-like intake duct that pulls cold air from
beneath the Exciter's headlight, an equal
opportunity exists for hot underhood air to reach
the snorkel. Not bad, but not great. The fact that
the intake is near the cold and dense horsepower
producing outside air is a milestone for Yamaha
snowmobiles. We don’t know of any previous
production Yamaha snowmobile that ever utilzed
outside air for the carb intake. It’'s about time. (On
our DynoTech project sled, we are going to
electronically monitor the airbox temperature
compared to the outside and underhood
temperatures).

During our test session, we dissected the
screwed-together airbox, and removed the
baffing. With the aqirbox empty, our test results
indicated a definite aqirflow reduction, and
subsequent horsepower loss! The new airbox is
apparently quite perfect for the stock engine, and
should be left alone.

In addition to the all new air management system
and different carb angle, the new Exciter now has
chrome-bore cylinders and a new digital ignition.
Also, the stock pipe has been shortened slightly,
and the muffler end heavily insulated-- this makes
the power peak occur at a slightly higher RPM.
Our back to back tests with the early pipe reveal
no real horsepower differences other than the
RPM shift,

This 1991 Exciter was brought to us from Green's
Power Equipment in Wimington, Vermont by Craig
Sessions. Because of the Yamaha oil injection
system, we elected to lock the oil pump wide
open, assuring an ample supply of oil during our
dyno tests. C10 100 octane unieaded fuel was
used.

The 1991 Exciter comes with 310 main jets. To

compensate for our warm mid 70°s temperature,
we installed 270 mains.

1991 EXCITER-91 STOCK PIPE-270 MJ-84dB
Data for 29.92 inches Hg, 60 F dry alir

Test: 100 RPM/Sec Acceleration

Fue! Specific Gravity: .750

Vapor Pressure: .75

Barometer: 30.27

RPM CBT CBHP FUEL AR A/F BSFC CAT

6000 550 628 465 1369 135 76 73
6250 567 675 534 1435 123 8] 73
6500 573 709 567 1470 19 82 72
6750 587 754 572 1497 120 78 73
7000 59.2 789 584 1484 117 76 73
7250 574 792 585 1477 116 75 74
7500 53.1 758 624 1517 112 85 74
7750 477 704 620 1526 113 91 73

Comparing the above data with the stock test on
our 1989 Exciter in V1 #1, page 5. we see
comparable CBHP, with a higher fuel flow.
Because of this, and the fact that our BSFC was a
very safe .76, we reduced the main jets again, to
250. This 8% reduction in jet size resulted in an 8%
reduction in fuel flow. Power was increased,
resulting in a lower, though still 92 octane safe,
BSFC.

1991 EXCITER-91 STOCK PIPE-250 MJ-84dB
Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .76

Barometer: 30.27

RPM CBT CBHP FUEL AIR A/F BSFC CAT

6000 551 629 520 1381 122 .8 77
6250 6573 682 514 1437 128 78 75
6500 6599 741 546 1501 126 76 76
6750 609 783 523 1522 134 &9 76
7000 6146 821 830 1511 1301 67 75
7250 604 834 528 1501 131 66 75
7500 672 817 837 1533 131 68 76
7750 529 781 565 1560 127 75 76

We next installed an Agen single pipe. Notice that
with this pipe, the airflow through the engine is
higher. This wusuadly Indicates that the
silencer/internal stinger Is larger and less restrictive
than the other pipes. This may result in less heat
buildup in the pipe. less horsepower, and
(according to Aaen) more forgiveness for lean
jetting or poor fuel quality. 1
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1991EXCITER-AAEN PIPE-250 MJ-92dB

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .75 Barometer: 30.27

RPM  CBT
6000 556
6250 564
6500  59.1
6750  60.6
7000 609
7250 589
7500 566
7750 46.1
We tried

CBHP  FUEL
635 485
671 535
731 560
779 593
812 578
813 570
808 577
680 59.6
a Y pipe

AR A/F  BSFC CAT
1419 134 79 76
1454 125 82 77
1832 126 .79 75
1569 121 79 76
1571 125 74 76
1572 127 73 77
1619 129 74 76
1623 125 91 75
that had 1/2" removed

between the spring hooks and the flange which
seals against the pipes. Only the Aaen pipe
benefitted from this alteration. The other pipes
had their power peaks occur at a higher RPM, but
the horsepower either remained the same or was

lower.

1991 EXCITER-AAEN PIPE w/Y SHORTENED 1/2"
250 MJ- 92dB

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .75 Barometer: 30.27

RPM

6000
6250
6500
6750
7000
7250
7500
7750
8000

CBT

515
53.5
§7.1
59.5
60.6
59.1
57.8
56.4
479

CBHP

58.8
63.7
70.7
765
80.8
81.6
82.5
832
730

FUEL

4.7
514
56.0
57.1
56.9
§7.9
570
57.3
594

AR

135.8
1414
150.1
153.6
165.4
158.6
163.6
166.0
189.1

A/F

13.9
12.6
12.3
124
125
12,6
13.2
133
123

BSFC CAT
79 77
84 78
82 76
77 76
73 76
73 76
71 75
71 76
.84 77

Next we installed the PSI single pipe. Notice that
the airflow is lower now than it was with the Aaen

pipe, but still higher than the stock pipe.

1991 EXCITER-PSI PIPE-250 MJ-92dB

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .75 Barometer: 30.26

RPM

6000
6250
6500
6750
7000
7250
7500
7750

CBr

56.8
57.5
59.6
615
625
625
59.5
39.2

CBHP

649
684
73.8

FUEL

839
835
59.7
56.8
56.7
65.5
56.5
54.3

AR

137.0
1415
147.7
151.8
1824
154.7
159.8
147.9

A/F

1.7
12.1
1.4
123
12.3
12.8
13.0
12.5

BSFC CAT
.86 77
.81 77
84 76
74 76
70 76
66 75
69 73

The Decker single pipe gave us the highest CBHP,
but with lower torque than any of the other pipes.

1991 EXCITER-DRE PIPE-250 MJ-92dB
Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .75

Barometer: 30.26

RPM  CBT CBHP FUEL AR A/F BSFC CAT

6000 513 586 434 1260 133 77 78
6250 513 610 505 1296 118 8 78
6500 533 660 544 1349 114 8 79
6750 562 722 591 1400 109 85 79
7000 683 777 851 1417 118 73 78
7250 605 835 545 1485 125 48 79
7500 599 855 579 1644 122 .70 78
7750 596 879 573 1556 125 .68 78
8000 565 86.1 570 1499 121 69 79

This final data was obtained with the application
of a Wolf pipe, which is manufactured by a
company in Canada,

1991 EXCITER-WOLF PIPE-250 MJ-88dB
Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .35

Barometer: 30.39

RPM  CBT CBHP FUEL AIR  A/F BSFC CAT

6000 550 628 512 1416 127 8] 61
6250 56.1 668 5832 1461 126 .79 60
6500 570 705 831 1816 131 75 60
6750 585 752 546 15673 132 72 58
7000 682 776 576 1594 127 74 59
7250 543 750 578 157.1 125 77 60
7500 483 690 59.1 1489 116 85 61
7750 411 606 576 1445 115 94 59
8000 343 522 556 1433 118 106 59

(PoWer Curve on following page)
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When research and development work is being
performed on internal combustion engines, engi-
neers monitor a measure of engine performance
designated Brake Mean Effective Pressure (BMEP).
During a development program, BMEP is moni-
tored constantly to detemine the effects of modi-
fications made to the engine under development.
BMEP cannot be measured directly with the use of
gauges and indicators. Rather it is determined by
calculation using certain information available on
the engine in question. The formula to detemmine
BMEP is:

— 150.8 x tor
BMEP= cjf%%?cfgr%qé%?(cu. in.)

WHERE: torque in Ib-ft and
cu. in. = engine displacement in cc's X .061

NOTE:
1. Divide answer by 2 for two strokes

2. The unit of measure for BMEP is pounds per
square inch (psh

3. BMEP has no relationship to cranking pressure.
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BMEP is a function of torque and Is at its maximum
level at the point where the engine produces
maximum torque. BMEP can be defined as: The
average pressure, which if imposed on a friction-
less engine of the same dimensions and speed,
would produce the same torque output as the ac-
tual engine. It is important to redlize that an inter-
nal combustion engine will produce maximum
torque at the rpm level where volumetrc effi-
ciency (tfrapped fuel/air charge as a percent of
cylinder volume) is at its peak. In other words, the
point at which the greatest amount of fuel/gir
charge is getting trapped in the cylinder.

o
= -

Now, take a look at "some of the data in
DYNOTECH where the dair flowmeter has been
available to observe air flow and see how it com-
pares to the torque readings. You'll notice that
maximum air flow and peak torque do not occur
at the same rpm. What's going on here? With the
air flowmeter mounted on the intake side of the
engine, we can eacsily measure the amount of
fresh air entering the aqirbox, but we are unable to
monitor how much of the escaped fuel charge is
being stuffed back in through the exhaust port by
the performance of aftermarket pipes on a given
engine. With a feel for the level of BMEP an engine

nmp




is capable of, we can use BMEP to predict peak
horsepower.

From our experience testing engines on the C&H
dyno. we know that a typical BMEP at peak
horsepower for a stock snowmobile engine with a
stock pipe is approximately 125 psi. Adding an
aftermarket pipe will raise BMEP to 130 - 135 psi.
Miild porting will continue to raise BMEP towards
140 psi while full mod porting will raise BMEP to 150
psi. The rotary valve Rotax engines can produce
significantly higher BMEP’s, with Gary Potyok’s
modified Mach | (Vol.l..#5, pg.6) recording 165 psi
with the FAST twin pipes.

Let’s examine some sleds that have been tested in
DYNOTECH in the past and see if we can observe
how daftermarket pipes influence BMEP. In
DYNOTECH Voll, #2 we performed a pipe
shootout on a stock
Yamaha Phazer. The
stock Phazer with a
stock pipe produced a
peak corrected horse-
power of 58.3 @ 6750
rom with 45.4 Ib-ft. of
torque. The Phazer twin
has an engine displace-
ment of 29.59 cu.inches
(485 cc. x .061), there-
fore producing 116 psi
BMEP. This is a very low
BMEP figure for a snowmobile engine and we
would expect a significant increase in BMEP with a
well tuned aftermarket pipe. The same Phazer with
an Aaen quiet can pipe produces 131 psi BMEP.
Yamaha has effectively detuned the Phazer with
the factory pipe.

The other extreme for a stock sled would be the
Polaris indy 400 in DYNOTECH Vol.l, #5. pg. 10 This
indy produced 42.7 ib-ft. of torque @ peak
corrected horsepower with the stock factory pipe,
which will compute to 132 psi BMEP. We would
expect little or no increase in power from an
aftermarket pipe because of the high BMEP figure.
Repeated testing on the C&H dyno has verified
this conclusion.

Another use of BMEP is to predict horsepower. For
example, the stock Arctic Cat Prowler tested in
DYNQTECH Volll, #2 has a BMEP of 121 psi @ peak

"Yamaha has
effectively detuned

the Phazer with the
sfock pipe."”
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corrected horsepower, with the stock pipe. We
would expect the BMEP to rise to 130 psi with a
well tuned aftermarket pipe and also that the
pipe would probably be tuned for a power peak
near 7800 mom. We can use the BMEP formula
above to predict the torque output @ 130 psi
BMEP by using some simple algebra and solving
for torque. Doing this we find that 45.86 Ib-ft. of
torque would be produced with a BMEP of 130 psi.
Using the formula; (tforque x rpm)/5252, we find
that the aftermarket piped Prowler should
produce 68.1 corrected horsepower @ 7800 rpm.

How about that 850 cc lake rocket engine you are
thinking of buying that promises tons of
horsepower? An engine like this in wild tim should
be able to make 150 psi BMEP @ 9500 rpm giving
us 103.2 Ibft of torque which equals 186.7
corrected horsepower @ 9500 rpm. If you are
fortunate enough to get
this engine to produce
165 psi BMEP then you are
looking at having 205
corrected horsepower
available at the end of
your thumb.

Is there anything that can
threaten the domination
of the Polaris Indy 650 in
the Mod Stock IV and Pro
Stock 660 classes in drag
rocnng'7 Be ore cnyone gets too upset, consider
the following: The 1991 Ski-Doo Mach | has been
stroked to 617 cc’s. The longer stroke is probably
going to limit maximum revs to 9800 rpm. If we can
maintain 165 psi BMEP @ 9800 rom then our torque
output will equal 82.4 Ib-ft. At 9800 rpm this will
equal 153.75 horsepower - at least a 10 hp
advantage over the typical full mod Indy 650! This
will put the Mach | in a position to challenge the
Polaris triple in drags and speed runs.

Using the BMEP formula we are able to realistically
determine the potential performance of any
snowmobile engine, no matter what the make or
design.

If you have any questions regarding BMEP and its
application you may write the author, care of
DYNOTECH. s
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Bombardier District Sales Manager Gary ‘Dr'
Potyok of Grimsby, Ontario, Canada offered us his
personal 1991 Mach 1 for initial break-in and anal-
ysis. As usual, Gary wants to be able to increase
the performance of the engine, and this evalua-
tion will serve as the baseline. His goal this year is
for the Mach 1 to pull his 250 Ib. body 110 mph on
radar. This should require approximately 130+
CBHP.

This year we plan to publish Gary’s ‘91 Mach 1
performance improvement article, including a
‘shootout” of all the new aftermarket and factory
Mach 1X twin pipes. Our initial testing of one of
the first six production Mach 1X’s indicated that
the factory production twin pipes are excellent,
delivering a solid ten CBHP increase over the fac-
tory’'s handmade preproduction twin pipes.
Again, as stated in “Feedback” last issue, they are
going to be difficult for the aftermarket manufac-
turers to improve upon.

NEW ENGINE

The 1991 617cc engine (dubbed the "643") is differ-
ent from its predecessor in several ways, the most
obvious being the longer 68mm stroke (4mm
longer than the 583). The all-new crankshaft re-
quired an all-new crankcase. The crankcase, be-
sides having clearance for the longer stroke, has
larger RV shaft bearings and “tunnel porting" of
the passages between the RV and transfer areas.
The RV crankcase inlets are more oval shaped
now, to allow a small “ledge" of additional case
material to support the spinning RV on its circum-
ference, where wear has been a problem. The ro-
tary valve duration has been increased five de-
grees. RV timing is now 148-70.

The wrist pins have been increased in strength, to
handle the additional inertial loads that the now
faster accelerating and decelerating pistons will
be exerting upon them.

The pistons, which are now coated with a gray
moly lubricant, are sized for reduced piston to wall
clearance. Evidently, the wristpin location is un-
changed, so the connecting rods are probably
2mm shorter to compensate for the additional
4mm stroke.

9
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91 MACH 1

OCK EVALUATION

The 617cc engine’s cylinders have had both their
exhaust and transfer port timing increased by 2
degrees, with the exhaust port being about 1mm
wider than the 583’s. RAVE travel has been
increased from 4mm to 6mm.

NEW BALANCER

Bombardier has installed a large fluid damper on
the mag end of the crankshaft. This is intfended to
help cancel out potentially harmful torsional
vibrations in the crankshafts.

NEW SINGLE PIPE

Apparently, the new ‘91 Mach 1 single pipe is
larger, longer, and possibly less restrictive than the
prototype we tested earier. The prototype had a
higher RPM power peak and less midrange torgue
and horsepower than our production engine.

NEW IGNITION SYSTEM

The problem with bolting on the Mach 1X pipe, or
any other higher RPM pipes, is that the ignition on
the 1991 Mach 1 (which is same as the 1990 Mach
1). retards the timing more beyond the stock
pipe’s 7500 RPM power peak. The Mach 1X has a
1989 ignition for this reason.

Possibly, the new ignition system can work
acceptably at higher RPM if the initial timing is
advanced accordingly (2-4 degrees).

NEW AIR INDUCTION SYSTEM

Compared to the earlier Mach 1 airboxes, the
1991 version is greatly improved. Gone are the
intfernal “velocity stacks" which were part of the
rubber intake boots. Also, the twin air "homs"
installed in the too-heavy steel baffle are larger
than before, providing minimal restriction for the
‘91’s larger 40mm carbs. The airbox top no longer
has the twin 1.75" holes which allowed some
warm underhood air to enter the engine; all intake
air is now cold air, provided from the opening in
the hood behind the windshield.

The prototype we tested in V2 #5 had larger stock
main jets; fuel flow on the production engine was
higher with identical main jets, due either to the
presence of larger needle jets (we didn’t check
the size of the needle jets in our prototype carbs),
or some difference in the airbox. nmp
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NEW RAVE CALIBRATION

When we dyno tested our first ‘89 Mach 1in Vol 1
#2, we discovered that the RAVE valves opened
much oo early, resulting in less than optimum
midrange torque and horsepower. The ‘90 version
was much better, with a less restrictive exhaust
which permitted the RAVE to operate more
correctly. If it had been operating correctly, the
early 583 RAVE could effect an 11 ft/lb of torque
improvement @ 6000 RPM (13 CBHP) on the 583cc
engine (see V1 #2, page 3). Even with the 1990's
improved RAVE calibration, we saw a slight torque
drop between 6000 and 6250, hinting that the
RAVE valves (or one of them) may have been
‘winking" open just a bit early (see V2 #1, page 5).

For 1991, the RAVE cdlibration is spot-on with its
less restrictive pipe and longer, thicker wire springs
which combine nicely to open the valves
approximately at the comrect 7000 RPM--where the
"RAVE LOCKED CLOSED" and the "RAVE LOCKED
OPEN" torque curves intersect.

Because of the additional 2mm of RAVE valve
travel this year, the RAVE causes an even more
dramatic improvement in torque than the earlier
583cc engine experienced. The new 6l17cc
engine picked up an incredibie 20 ft/ib of torque
(24 CBHP) at the same 6000 RPM with the RAVE
either operated manually or with the longer and
stiffer stock springs in place! Notice that in the
torque comparison graph, the "RAVE NORMAL
OPERATION" torque curve follows, as it should, the
best portions of the "RAVE LOCKED OPEN" and
"RAVE LOCKED CLOSED" torque curves.

THE TEST SESSION

Our new 617cc Mach 1 was tested with 100
octane unleaded VP C10 gasoline. Oil injection
was retained. Because Gary brought us the
engine only, we were unable to obtain the actual
weight of the production Mach 1.

We spent some time on the dyno during our
breakin period checking Air/Fuel ratios and BSFC
at varied throttle positions and engine speeds.
concentrating on those midrange areas often
encountered during trailriding. The lowest part
throttle “cruising" (from 1/8 to 1/2 throttle at 6000
to 7000 RPM) BSFC we saw was around .61-.65. This
should equate to excellent and sofe fuel mileage
on the trail.

Volume3 Numberl Page7

Because our Carb Air Temperature was in the mid
50's F, we replaced the stock 400-420 main jets
with the recommended 360-380 mains. BBO
needle jets were used.

1991 Production MACH I-360-380 MJ-BBO nj
ata for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .42

Barometer: 30.38

RPM CBT CBHP FUEL AIR A/F  BSFC CAT
6500 610 639 390 1229 145 .61 54
8760 646 707 512 1373 123 72 55
6000 656 749 580 1438 14 77 85
6250 676 804 619 1518 113 76 54
6500 677 838 638 1602 115 76 54
6750 687 883 638 1663 120 72 56
7000 719 958 676 1742 118 70 56
7250 734 1013 731 18085 113 72 55
7500 720 1028 766 184 112 74 85
7750 679 1002 764 1902 114 76 55
8000 410 625 745 1834 113 1.18 55

These carb specs were much richer than the mid
.60’s BSFC that we experienced on the previous
Mach 1°s. To reduce the fuel flow and lower BSFC,
we installed 330-350 main jets. We would consider
this a 92+ octane safe spec at 55 degrees F.
Notice that, when compared to the 1989 stock
Mach 1in V1 #2, both the airflow in actual CFM
and the horsepower of the 1991 617cc engine are
up 15%. Airflow through this engine is about equal
to the 1991 stock Polaris 650 (with gutted airbox)

tested in V2 #6.

1991 Production MACH 1-330-350 MJ-BBO nj
Data for 29.92 Inches Hg, 60 F dry alr

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .780

Vapor Pressure: .42

Barometer: 30.38

RPM CBT CBHP FUEL AIR  A/F

&
by
O
0
>
=

5500 615 644 362 1163 148 56
5780 665 728 487 1375 130 .66
6000 682 779 531 1472 127 68
6250 695 827 6577 1839 122 &9
6500 705 873 610 1616 122 .70
6750 722 928 605 1682 128 .65
7000 740 986 626 1744 128 63
7250 747 1031 647 1792 127 62
7500 745 1064 714 1860 120 67
7750 693 1023 779 1921 113 76
8000 451 687 718 1846 118 104

GRLERERERER
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HORSEPOWER CO ISON
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Weight with three gallons of gas: Ibs.

Sled owner: Frank Mungo, Long Isiand, N.Y.

The new EXT Special was tested recently with the
help of owner Frank Mungo, who travels here
each year from downstate N.Y. to break-in and
tune his machines. Frank brought only the engine
for testing, so we were unable to obtain a weight
for the sled. When we test an EXT engine in-chassis,
we’ll publish the weight and you can fill in the
blank.

Frank also had mechanical exhaust temperature
gauges installed in the Y pipe, halfway between
the cylinder flanges and the crotch of the Y,
enabling us to monitor exhaust temperatures for
this test.

Like the other Arctic Cats, the new EXT special has
the benefit of a cold air intake system, and we
were able to affix our airflow meter to the
screened opening in the back of the box.

During our break-in session we spent time gauging
the part throttie engine performance as indicated
by the A/F ratio and BSFC. Everything appeared
safe, with BSFC in the high .60’s and low .70’s. At
typical cruising conditions, (around 1/3 throttie at
6500-7000 RPM) the BSFC was around .65 and the
exhaust gas temperatures were in the range of
1200 degrees F. Because of our high 50’s F carb air
temperature the day of testing, we removed the
standard 290 main jets and worked our way down
to 270 main jets.

1991 EXT SPECIAL 270 MJ P2 STOCK PIPE
Data for 29.92 inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Grawvily: .750

Vapor Pressure: .20 Barometer: 30.23

RPM CBT CBHP FRUEL AR A/F BSFKC CAT

5250 414 414 317 1103 160 75
5800 421 441 328 119 167 73
5750 449 402 346 1163 164 &
6000 497 568 388 1220 144 67
6250 520 619 405 1272 144 M4
6500 544 673 470 1375 134 &R
6750 853 71.1 8510 1397 126 7
7000 561 748 518 1378 122 68
7250 571 788 534 1376 118 67
7500 572 817 573 101 111 &R
7750 568 838 521 1416 125 .61
8000 544 89 514 1440 129 .61
8250 6502 789 502 1446 112 74

BILEIIBBIB3E8S

The 38mm Mikuni slide carbs came with P2 needle
jets, which are the leanest of that style. Needle jets
have the greatest effect upon fuel flow at Wide
Open Throttle, low engine speed. This would typi-
cally show up in the first half of the data that we
show in our tests. When we got into W.O.T. in the
midrange, we were surprised that the engine
wasn’t lean. We were equally surprised that when
we worked our way up 1o high RPM, the engine
made more horsepower than last year’s EXT Spe-
cial (V2 #4), even though it flowed significantly less
airl

Suspecting that the removable baffie in the airbox
was in the way of improved performance, we
made several tests without it. This resuited in slightly
increased airflow and dangerously decreased fuel
flow, especially in the midrange. Strangely, the
peak horsepower was also reduced. (We are in-
cluding this data only to show how dangerous
blind airbox modifications can bel)

1991 EXT SPECIAL-270 MJ-STOCK PIPE-REMOVE SNORKEL
({NOT RECOMMENDED)

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuet Soedcific Gravity: .750

Vapor Pressure: .20 Barometer: 30.22

RPM  CBT CBHP FUEL AR A/

5250 4 N4 289 1203 231 O 47
5500 412 431 283 1222 241 53 4
5750 40 804 00 1240 190 58 47
6000 497 568 327 1295 182 57 47
6250 512 609 326 1332 188 52 47
6500 540 668 416 1351 149 61 47
6750 545 700 440 1373 143 62 47
7000 559 745 481 1404 134 63 47
7250 561 774 827 1433 1286 &7 47
7500 568 811 809 1484 134 62 4
7750 50 826 519 1514 134 61 &
8000 538 819 518 1524 1365 62 &
8250 489 768 532 1511 130 68 48

To regain safety in our midrange fuel flow, we had
to increase the needle jets eight sizes to Q8! With
this change our top end fuel flow was too rich,
and we reduced the main jet to 250. Now, with all
of this done, we had horsepower identical to the
factory jetted carbs and stock airbox intact.

We even tried our overbored 39.2mm carbs with
no increase in airflow or horsepower. Unlike the In-
dy 500 tested in this issue, the stock 38mm carbs
are large enough, and the stock airbox and carb
calibration were perfect, and should be left alone.
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PRESENT DURING TEST:
DAN CROSS, PETE WEBB
JIM CZEKALA

Pete Webb. of Webb Polars and Webb Performance,
brought us a 1991 Indy 500 for stock evaluation and
tune-up. We decided to take the opportunity to see
how our revised Starting Line Products twin pipes would
perform on a stock engine. At test time, the new DG sin-
gle and twin pipes were unavailable.

The 1991 Indy 500 Is identical to the 1989 engine that we
used In Pipe Shootout #8 in V2 #2. Our testing was done
with VP C10 100 octane unleaded gasoline, premixed
with Polaris oll at 32-1. The stock @2 needle Jets were re-
tained, and the stock 280 main jets were replaced with
260 mains to compensate for our 40 degree F Carb Air
Temp. BSFC was in the low .60’s.

1991 INDY 500-260 MJ-Q2nj- STOCK PIPE & AIRBOX
Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .10 Barometer: 30.46

RPM CBT CBHP FUEL AIR A/F BSFC CAT

6000 398 455 360 1061 134 76 39
6250 437 520 374 11401 140 49 38
6500 456 564 392 1163 136 67 38
6750 580.1 646 421 1244 136 63 I
7000 515 686 441 1285 134 62 40
7250 518 715 458 1311 131 62 40
7500 507 724 462 1330 132 61 4
7750 485 716 448 1348 138 60 39
8000 453 69.0 461 1350 134 64 39
8250 3.5 573 459 1313 131 77 ¢
8500 274 443 448 1279 131 97 39

Removing the foam and baffle from the airbox on this
engine increased dirfiow and horsepower about 3%,
but lowered fuel flow 7%l This is due to the resulting de-
creased pressure differential between the gasoline in
the float bowls and the carburetor venturi area. The re-
sulting BSFC was in the low .50’s (Unadvisable for ex-
tended operation on pump gas).

1991 INDY 500-260 MJ-Q2nj- STOCK PIPE-GUT AIRBOX
Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .10 Barometer: 30.47

RPM CBT CBHP FUEL AIR A/F BSFC CAT

6000 405 463 338 11901 162 70 40
6250 449 534 348 1224 161
6500 458 567 372 1267 155
6750 505 649 374 1292 159
7000 522 696 394 1318 154
7260 531 733 412 1354 151
7500 524 748 427 1380 1438
7750 507 748 411 1374 153
8000 478 728 426 1366 147
8250 434 682 427 1367 147
8500 313 507 417 1337 147

3BREHREEES
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We jetted up 7% to 280 mains. Now the fuel flow in-
creased 7%, and the following safer data resulted.
Note that the BSFC was now in the .60's again,
and our net power increase is down to about 2%.

1991 INDY 500-280 MJ-Q2nj

STOCK PIPE-GUT AIRBOX

Data for 29.92 Inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .10

Barometer: 30.47

RPM CBT CBHP FUEL AIR A/F  BSFC CAT

6000 408 466 358 1154 148 74 42
6250 430 512 386 11956 142 73 40
6500 476 589 389 1265 149 44 41
6750 510 655 425 1208 140 62 41
7000 512 682 439 1320 138 62 40
7250 521 719 465 1346 133 .62 40
7500 514 734 457 1376 138 .60 4]
7750 497 733 453 1371 139 & 40
8000 468 713 461 1365 136 .62 41
8250 404 635 460 1364 136 70 40
8500 279 452 452 1326 135 96 40

Next, we installed the same Decker twin pipes that
we tested in Pipe Shootout #8. As was the case
previously, the Decker Racing Enterprises pipes in-
creased torque and horsepower throughout the
power band.

1991 STOCK INDY 500-280 MJ-Q2 nj
DECKER TWIN PIPES-GUT AIRBOX
Data for 29.92 inches Hg, 60 F dry alr
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .760

Vapor Pressure: .10

Barometer: 30.48

RPM CBT CBHP FUEL AR A/F BSFC CAT

6000 460 626 4371 12917 138 .78 36
6250 489 582 437 136.7. 144 72 37
6500 497 615 453 1382 140 7 37
6750 521 670 474 1394 135 68 38
7000 523 697 482 1391 133 66 38
7250 519 716 490 1394 131 66 37
7500 516 737 477 1406 135 62 37
7750 508 750 474 1386 134 .6) 38
8000 516 786 463 1418 141 56 37
8250 495 778 486 1446 137 60 38
8500 459 743 491 1465 137 63 38
8750 372 620 487 1461 138 75 38

The revised Starting Line Products twin pipes were
tested next. The new pipes have individual si-
lencers on each pipe, instead of the single canis-

i



ter incorporated on the previous design. These
pipes registered 96 dB on our meter and generat-
ed the following numbers.

1991 STOCK INDY 500-280 MJ-Q2nj-38mm CARBS
NEW SLP PIPES-GUT AIRBOX-96 dB

Data for 29.92 Inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .10

Barometer: 30.49

RPM CBT CBHP FUEL AIR  A/F BSFC CAT
6000 476 544 388 1344 159 69 40
6250 505 601 417 1373 161 67 40
6500 514 636 445 1384 143 67 39
6750 520 668 467 1386 136 67 40
7000 528 704 473 1381 134 .65 40
7250 526 726 462 1389 138 6] 39
7500 512 731 460 1392 139 40 40
7750 499 736 454 1366 138 59 39
8000 493 751 472 1367 133 &0 40
8250 502 789 483 1397 133 59 40
8500 481 778 490 1428 134 &0 41
8750 428 713 486 1449 137 65 39

We returned to the stock pipe and installed one of
the thinner copper replacement headgaskets that
Pete Webb sells. Pete selected one which is .030"
thinner than the stock headgaskets, and intends
to trail ride with this set-up on 92 octane gas. We'll
keep you informed on the luck he has with this
modification.

1991 STOCK INDY 500-280 MJ-Q2nj-38mm CARBS
STOCK PIPES -.030 HEAD- GUT AIRBOX

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .10

Barometer: 30.47

RPM  CBT CBHP FUEL AIR  AJF

6000 429 490 365 1191 150 72 45
6200 475 565 372 1240 153 &4
6500 514 636 401 1278 146 6]
6750 5635 688 434 1311 139 6]
7000 547 729 466 1338 132 62
7260 546 754 471 1369 132 60
7500 531 758 483 1381 131 62
7750 510 753 476 1374 133 6]
8000 464 707 472 1375 134 M4
8250 312 490 459 1330 133 90
8500 264 427 449 1307 134 101

SEERRREBRE
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Boring the stock 38mm carbs to 39.2mm increased
airflow another 2%. We used the stock Q2 needle
jets and increased the main jet size to 290, but fuel
flow was still lower than with the stock carbs and
280 mains. The BSFC was again in the .50's.

1991 STOCK INDY 500-290 MJ-2Q2 nj-39.2mm CARBS
STOCK PIPES -.030 HEAD-GUT AIRBOX
Data for 29.92 inches Hg. 60 F dry alr

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .10 Barometer: 30.49

RPM  CBT CBHP FUEL AIR A/F BSFC CAT
6000 458 523 338 1223 166 63 47
6250 522 621 373 1292 159 58 46
6500 5837 665 417 13210 145 61 47
6750 552 709 421 1337 146 §7 47
7000 672 762 444 1365 144 56 47
7250 570 787 466 1397 138 57
7500 6857 795 472 1417 138 57
7750 629 781 449 1410 144 56
8000 480 73.1 446 1401 144 59
8250 31.1 489 437 1348 142 8
8500 263 426 430 1319 140 97

SEX R

We increased midrange WOT fuel flow by installing
Q6 needie jets, and richened the top end with 2
sizes larger main jets. Now the BSFC at WOT was in
the .60’s throughout the powerband. Pump gas
safe? For short WOT runs on 92+ octane gasoline-—
probably. But the “cushion” provided by the facto-
ry’s stock low compression head is now gone.
We'll let Pete be the guinea pig.

1991 STOCK INDY 500-310 MJ- Qénj- 39.2mm CARBS
STOCK PIPES -.030 HEAD- GUT AIRBOX
Data for 29.92 Inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .10 Barometer: 30.49

RPM CBT CBHP FUEL AIR A/F BSFC CAT
6000 443 506 360 1218 155 48 4]
6250 482 574 372 1255 155 62 40
6500 512 634 388 1292 153 59 40
6750 545 700 444 1342 139 61 39
7000 566 754 476 1371 132 6] 38
7250 556 768 479 1392 133 40 38
7500 545 778 479 1406 135 460 39
7780 520 767 474 1392 135 .60 39
8000 468 713 473 1386 135 64 40
8250 316 495 461 1331 133 .89 39
8500 260 421 455 1300 131 103 38
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1-500 CERTIFICATION UPDATE

We're scheduled to certify the factorys’ 65 horse-
power snowmobile engines for the -500 cross
country race in mid-December. Included in the
test will be the Yamaha SRV, Ski Doo MX-X, Polaris
400/440 XC, and Arctic Cat Prowler Special.

After the test is complete, we’ll devote most of
one issue to the dynamometer certification pro-
cess.

NEW DYNOTECH PROJECT SLED

We’'ve purchased a new Indy 500 Classic from
Forest Lake Motorsports. Kip Campbell and FLMS
are setting the sled up with a Middlesex turbo kit
and their own custom fuel system and adjustable
boost control. As Kip recommended in his letter to
us in V2 #6, they are installing forged pistons and a
copper headgasket for durability. Additional cool-
ing for the engine is being provided by a nose
cone radiator.

We'll be field testing the sled in mid December,
and hopefully will have it on the dyno by the end
of the year.

ANOTHER TRAIL TURBO

We're instaling a new Middlesex turbo kit on a
1991 carbureted "02" Polaris 650 engine. It will be
interesting to see if the new "02" cylinders will pro-
vide us with better performance than the tur-
bocharged 1990 "01" Polaris 650 that we tested in
V2 #4.

RXL UPDATE

Mike Decker told me that the DRE "chips" would
be ready by December. DRE will be offering re-
placement RXL chips in three forms initially:

1. An "improved" version for the stock engine,
stock pipe and stock airbox.

2. One that will allow safe operation of the stock
engine with DRE triple pipes, using the stock air-
box.

JIM CZEKALA

3. A "chip' that will be sold in combination with
DRE porting. DRE triple pipes and probably a gut-
ted airbox.

Injection Research Services is now shipping their
programmable RXL conversion ECU kits to Starting
Line Products and PS, distributors of their aftermar-
ket EFI kits. Both PSI and SLP will be offering the IRS
RXL kits with changeable fuel maps for stock, stock
with gutted dirbox, stock with triple pipes. and
mod with triple pipes.

Chopper City's replacement programmable RXL
update kit will also be ready soon.

We won't be testing any of these systems until iate
December at the earliest. I'm sure that some of
our too-anxious-to-wait subscribers will have modi-
fied their RXL injection systems by then. | would ap-
preciate feedback from field testing of any of the
early systems.

SPEAKING OF THE NEW 650 POLARIS

In our last issue, | mistakenly gave credit for the de-
sign of the new ‘02" and "03" cylinders to Fuiji in
Japan. According to Polaris engineer Mike Trihey,
the cylinders were designed by Polaris. Fuji only
tested the new design for durability prior to pro-
duction last year.

TO STROKE OR NOT TO STROKE?

I've gotten an alarming number of calls from sub-
scribers who have either had their engines
“stroked" or are considering it. We have tested
quite a few "stroker* erigines on our dyno in the
past four years, and my advice is to approach
such a modification with extreme caution. Too of-
ten, we have seen perfectly good snowmobile en-
gines tumed Into expensive, low powered air com-
pressors by increasing the stroke of the crankshaft.

While increasing a four-stroke engine’s dispiace-
ment this way is a guaranteed path to increased
torque and horsepower, a two-stroke engine’s
port timing is attered, often for the worse, by
changing the crankpin location. o
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| recently did a private dyno test on a highly modi-
fied Polaris big-bore engine that had the crank’s
stroke increased three millimeters by a company
that specializes in such modifications. What used
to be a $4000 160 CBHP stock stroke engine had
been transformed into a $5000 141 CBHP "stroker"!

DynoTech technical advisor Rod Champagne
(who designed and did the precision machining
on Yamaha's 130 CBHP stroked Flll Exciter engines
last year) is preparing an article for Dynotech de-
tailing what can (and often does) go wrong when
a two-stroke crankshaft’s stroke is attered.

MORE BAD NEWS

To the subscriber who sent us the $150 in-line gas
‘energizer” to test, somy about that. Did it come
with a money-back guarantee?

We wasted several gallons of gasoline testing this
and several other magnetic answers to the word’s
energy crisis, and never saw any change in the
engine’s horsepower or Brake Specific Fuel Con-
sumption.

One product which we tested that did atter the
engine’s power output was Duralt Fuel Condition-
er. When we added the recommended small
amount of “conditioner to the gasoline in Dan

Cross’ modified Indy 500, it promptly lost over one
horsepower,

DG PIPES

DG is u pipe manufacturer new to the snowmobile
industry. The company has been advertising re-
placement performance exhaust systems for quite
a few makes and models. We have acquired the
650 Polaris Triple Pipes, (which look like SLP 707
pipes, with a three into one collector) and the
Phazer and Exciter single pipes (which look very
much like PSI pipes). We’ll be testing them soon to
see if they perform like the pipes they have appar-
ently attempted to copy.

THE CELLAR DWELLER

According to our fiends at Yamaha, Kevin
Cameron was “on the money* with his predictions
about the new high performance engine coming
next year (see "Pure Speculation® in V2 #4). It will
be interesting to see how accurate his "Race Ver-
sion" predictions are in this issue.

HAPPY HOLIDAY

We at DynoTech would like to extend to our read-
ers a sincere wish for a happy holiday and a safe
snowmobile season. g4,

S RS

F-O-R-T-U-N-E is currently conducting

S

a search for talented individuals in the

s s

TWO-STROKE CYCLE ENGINES
AND RELATED COMPONENTS

We repesent firms across the nation that are industry leaders engaged in the design, development,
manufacture and application of two-stroke cycle engines.
If you have a technical degree and are open to new possibilities in this area, please send your resume and
salary history for confidential consideration to:

Ron Hiniker, President
Phone-(801)546-0424
FAX-(801)546-1119
F-O-R-T-U-N-E Personnel Consultants of Salt Lake City, Inc.
475 North 300 West, Suite 15
Kaysville, Utah 84037
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In mid-summer | speculated in these pages about
the possible configuration of Yamaha's soon to be
introduced, big, high-tech sled engine. Based up-
on things Yamaha has done in the past, and on
sound engineering practice, | constructed the fol-
lowing out of thin air:

(M four cylinders

() 65 X 56.5 mm bore and stroke =
could be 800

750cc, but

(3) in-line layout with two cranks, driving a jack-
shaft from engine center. 180 degree firing, two
up and two down.

(4) case reed induction

(5) YPVS variable exhaust port height device used
to provide moderate fuel consumption.

Having created this cantilever structure of airy
supposition, | will now speculate about the specu-
lation, and so extend my nebulous construct. At
risk of being made to appear a jackass by what
Yamaha does introduce, here goes.

WHAT HAPPENS WHEN THE TUNING STARTS

When the new sled goes on the dyno, it will have
more power than the competition, but not as
much as the optimists and the advertisers always
expect. That's life. Practically tearing the paper
out of the printer and madly scanning the page.
we’ll see more or less 100 horsepower. Never
mind. If you add more to something that’s already
more, you have some chance of having the most.
That’'s why we do it.

Horsepower is proportional to displacement, times
RPM, times the stroke averaged combustion pres-
sure (BMEP). Let’s try to tie down these two
variables.

RPM

If this engine is of about 750cc displacement, and
uses a bore/stroke ratio like those recently used by
Yamaha engineers, the stroke will be in the
56.5mm range. This gives a piston speed of 4000
feet per minute at about 10,500 RPM. There are
plenty of race motors running more than 4000 FPM
piston speed, but sometimes problems with com-

ponents make even this pls’ron speed unreliable.
However, recent history is on our side; Yamaha is
putting some fresh engineering into con-rod and
big-end bearing design these days, so these items
will be pretty strong. If the engine is a case reed
design (which Yamaha is using in its motorcycle
racing engines), the pistons will be good too. This is
because in a case reed design, the piston’s fragile
intake skirt doesn’t have to hammer across a giant
intake port. Cylinder mounted reeds usually re-
quire either holes in the piston (stress raisers of the
worst kind) or a high arched intake skirt (such short
skirts allow piston rocking, disturbing the ring seal).

STROKE-AVERAGED

COMBUSTION PRESSURE--BMEP

| expect the stock engine to generate a BMEP of
something like 110-120 PSI. BMEP is the Brake Mean
Effective Pressure, or the constant pressure it would
take to equal the observed brake horsepower if
that pressure acted through the entire piston
stroke. In fact, cylinder pressure varies continually,
being at a maximum late in the combustion pro-
cess, and faling steeply after that as the piston
descends on the power stroke. BMEP is a widely
used figure of merit for cylinder-filing and com-
bustion efficiency, and is proportional to torque di-
vided by displacement.

HOW HIGH CAN BMEP GO?

The pleasant truth is that there are over-the-
counter two-stroke engines with BMEP’s up in the
165-175 PSI range. and the best factory race en-
gines are up around 180. Those numbers are very,
very good--in a range that even four-strokes, with
their separate intake and compression strokes,
have trouble reaching at higher RPM.

Since you can buy such engines, you can also
copy the ideas in them, and for this reason there
are enthusiast-built cylinders that scavenge this
well, too.

Scavenging this good results from two main
effects;

(1) correct sizing and timing of transfer ports and;
(2) the delivery of maximum scavenge flow from

the crankcase, as a result of the twin pumping
action of crankcase and exhaust pipe. -
1]



KEVIN CAMERON

How good will the ports be on the new engine?
Yamaha (and others) have built some bloopers in
the past--engines with small or ill-aimed transfers
that cannot be enlarged as necessary without
cutting away everything and then making the
whole thing out of epoxy. In particular, the better
these companies get at thinwall casting. the more
money they want to save by encasing the ports in
the bare minimum of metal. This is great for weight
and cost-cutting, but a poke in the eye for the
prospective tuner, who waits, right-angle grinder in
hand, hoping there’s enough metal in the new de-
sign for all his pet schemes.

Racing engines these days have nearly flat roofs
on their main and secondary transfer ports (almost
no up-angle), and to work with this concept,
Yamaha has used flat-topped pistons on certain
designs. In the past it has been usual to aim the
secondary transfers upward and to the rear--the
idea being to make their flow adhere to the rear
cylinder wall to loop up and over the head. The
roof angle came down in around 1978-80, but the
ports were still kicked back at the wall. In the
1980°s, these secondaries were being aimed
slightly forward, towards the exhaust port, so that
the momentums of the several transfer streams
tend to cancel in the center, resulting in a slower
moving, rising column of fresh charge that mixes
less with the exhaust, thus giving better scavenge.
The rear, or reed ports, aim upward at 50-60 de-
grees from the horizontal to stick to the rear cylin-
der wall,

What will we get? If Yamaha puts up-to-date engi-
neers on the project, we'll get the good transfers
and be happy. If they take the easy road to suc-
cess and copy an existing design (the Banshee
four-wheeler, or RZ-350 motorcycle, for example)
we’ll get the less desirable, upswept, back-kicked
secondary transfers from ten years ago. They can
make power, but the range is limited, and they
don’t work well with large-volume separate ex-
haust pipes. | certainly hope the engine comes
with the good stuff; re-aiming secondaries is time-
consuming, exacting and boring.

The actual timing (height) of the transfers, and
their widths are not so hard to modify. Because
there is so little time or cylinder scavenging at
10,000 RPM or so, it's important that the transfer
windows be the maximum possible size. These
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days it's not uncomrnon to see the dividers be-
tween ports cut as thin as .060" or even .040°, with
the main transfers edging up very close o the ex-
haust port on either side. My guess is that If the
ports have good aim as-cast, they will need very
little raising, and somewhat more width detailing.

INTAKE SYSTEM

Here again we must pray to the gods of plenty;
please give us plenty of reed area (assuming it is a
reed engine), or at least keep the cylinder studs
and the other necessaries out of the way so we
can supply the necessary flow area. The reeds
Yamaha has used on their recent Banshee and Rz-
350 have been very small V4 things that are now
undersized for an 80cc kiddie-MX cylinder, let
alone for a big, muscular 187-200 cc cylinder.
Please, Yamaha, not that! These cylinders will
need real reeds--V6 or V8 affairs perhaps 75mm
wide—-on which a 38mm carb will feel right at
home. If the engine turns out to be intake-choked
and bigger reeds need to be grafted on, be sure
to choose reeds from a high RPM engine, not from
some 7500 RPM 550 single.

Reed engines differ from the usual piston-port type
familiar in sleds mainly in the crankcase region. A
piston controlled port opens and closes at fixed
timings, so if the exhaust pipe is to draw maximum
mixture through the cylinder for scavenging. the
crankcase needs to be big: it's the only supply of
mixture during pipe suction. This is why piston-port
engines tend to have low crankcase compression
ratios, and it's also why measures like stuffing the
crank balance holes, etc., don‘t get the power up
except in the ancient industrial engines that were
used on sleds in the very beginning.

In a reed engine, the reed itself can potentially
open during pipe suction, affording an unlimited
source of fresh mixture--the carburetor itself. In or-
der to transfer the pipe’s suction signal smartly to
the reeds, however, case volume needs to be a
minimum. For this reason, reed engine perfor-
mance does respond to crankcase stuffing mea-
sures.

EXHAUST AREA

One of the things necessary to reach the top level
of BMEP is a lot of exhaust area—either in the form
of a troublesome divided port (troublesome be-
cause of the problems of lubricating the bridge,
and keeping it from hammering the ring grooves
shut with the rings in them), or as a large. oval,
central port, flanked by a pair of boosters, as
Yamaha, Rotax and Kawasaki use lately.

nmp




Page 16 Volumel3 Numberl

KEVIN CAMERON

ESTIMATED CEILING BMEP

Because 100-120 BHP from a 750 engine isn’t hard
to do anymore, I'd be surprised to find booster ex-
hausts in the stock castings. That will limit power
somewhat: if exhaust pressure can't fall as fast,
there is less time left at high revs for the transfer
process. Therefore I'd say that, if the engine
comes with the good ports and is not otherwise
limited in some clever way, the top builders may
ultimately get 165 PSI from it.

AND FINALLY, THE HORSEPOWER ESTIMATE
with 10,500 RPM the operating point, and 165 PSI
as the BMEP, we can expect horsepower on a
thoroughly modified new-tech Yamaha engine,
given adequate reeds and carbs, plus one pipe
per cylinder, to be 195. Wouldn’t that be dandy.

HOPES FOR THE CHASSIS

Let us hope that Yamaha has not followed anoth-
er of their famous traditions--that of smoking the
budget on the engine, leaving nothing over for
the chassis. Even if the chassis fumns out to be a
tank though, 195 BHP ought to move it.

THE BEST AND THE WORST

At best, Yamaha will build the engine as a high
performance unit, and then tone it down by cast-
ing the ports on the low side. thus shortening their
timings. This would leave enough metal for tuners
to cut back to full performance.

On the other hand, they could just as well design-
in limited performance by providing smaller or ill-
aimed ports in a casting so thin-walled as to make
poring almost impossible. The company has done
this before on snow and pavement. Another fa-
vorite is to cast in such tiny reed boxes that the en-
gine has almost no intake area.

If the design is very limited. with no built-in room for
growth, its modification could be heavy engineer-
ing. like Tim Bender’s total reconstruction of the
Yamaha Exciter--with welding, cutting, epoxying;
the works. If that’s what it takes, even if the lower
end is strong, the power will be hard work to get.

if their is meat in the castings and the whole thing
is designed for growth, getfting the power will be
more straightforward.

WHAT IT WILL TAKE

As with other modification programs, the cylinders
will end up with the exhausts opening at 78-82 de-
grees ATDC, with the transfers opening some 35
degrees Iater. The intake system we would like is
by reeds, direct into the crankcase, so the inlet re-
gion is never restricted by the piston at BDC. On
the other hand the designer wants to use a short
con-rod to reduce the volume under the piston
(crankcase volume), and on the other, he wants
to use a long rod to keep the piston skirt up out of
the way of the intake and transfer flows. Certainly
the second consideration is the stronger of the
two. The reed we’'d like to see is big enough in
throughput area to accomodate a 38mm carbu-
retor (1100 sq.mmy), so it is perhaps a unit 76mm
wide.

In my mind, the gquestion is, will the new engine be
readily modifiable, or will it be aluminum shrink-
wrapped around lo-po ports as the Exciter was?
No one knows the answer to this one, but the sig-
nificant factor may be this: according to rumor,
the design job was not given to the industrial divi-
sion (golf carts, etc.) as in the past, but was delib-
erately handed over to high performance engi-
neers from the motorcycle side of the company.
There have been pot-boilers from the motorcycle
division (the RZ-500 comes to mind, with its dread-
ful restrict-o right angle bends in its intakes), but
there have also been some fine designs. This new
sled engine is just what the lakes madmen want,
and Yamaha's market researchers must know
that.

So. set aside a drum of race gas, order sharp new
carbides for the die-grinder, and have your pinch-
bar ready to get that crate open quickly. And
hope for the best. <t
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