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"UPDATE PORTE "YAMAHA EXCITER

Present during test: Jim Czekala, Richard Hiley,
Mike Duffield, Bob Duffieid.

For our fifth Pipe Shootout, we used an "update
ported” Yamaha Exciter. This fairly moderate
performance tuneup was developed by Yamaha
engineers (as evidenced by Japanese translations
on the instructions) for Yamaha Motor Canada
LTD. Copies of the specs should be available
through any performance oriented Yamaha
dealer.

One modification in the Yamaha spec includes
shortening the Y pipe in the header pipe area
40mm. We tested all of the single pipes on both
the stock Y pipe and the 40mm shorter Y pipe.
While the stock, Aaen and PSI single pipes showed
a peak power increase at higher RPM, the
Decker single did not.

We have had several customers dyno test various
length (20-40mm shorter) Y pipes on their Exciters,
with varying results dependent upon their engine’s
state of tune. Usually the 20mm shorter Y pipe
works best on stock engines. While we’re not
attempting to redesign these pipes, this easily
performed Y pipe mod is worth experimenting
with. In our upcoming Modified Phazer test, a
shorter Y pipe will be included.

Initial testing was performed-with Yamaha's 1989
sea level jetting. The main jets were installed
directly in the needle jets, necessitating the use of
standard float bowls. No power jets were used. We
then leaned down the stock 38mm carbs, one
step at a time with each pipe. The BSFC leveled
out in the mid .60’s. A stock airbox was used with
our air flowmeter, which accounts for the small jet
sizes. When this engine was run in the field with a
completely open cold air box, 330 main jets and

Q8 needle jets were necessary at 20 degrees F,
seq level, _

Pre-mixed VP C-13 gasoline was used throughout
testingQ

STOCK PIPE
270 MAIN JETS
CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR

TEST: 100 RPM/Sec Acceleration
FUEL SPEC. GRAV.: .712

VAPOR PRESSURE: .34
BAROMETRIC PRES.: 29.32

RPM CBT CBHP FUEL AIR AfF

6500 608 752 564 1663 135 .77 51
6750 617 793 568 167.1 135 .73 49
7000 627 836 56.7 161.8 131 &9 50
7260 616 850 6575 15853 124 &9 50
75600 59.1 844 592 15835 119 .72 51
7750 505 745 599 15807 116 .82 49
8000 435 663 585 1467 115 91 50

PSI TWIN PIPES
270 MAIN JETS
CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR

TEST: 100 RPM/Sec Acceleration
FUEL SPEC. GRAV.: .712

VAPOR PRESSURE: .34
BAROMETRIC PRES.: 29.34

RPM CBT CBHP FUEL AIR A/F BSFC CAT

6500 615 761 491 167.0 1546
6750 622 799 531 1714 148
7000 645 860 558 1649 134
7260 677 935 56.1 1650 135
7500 690 985 614 1697 127
7750 683 1008 430 167.2 122
8000 561 855 631 1684 123
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PIPE SHOOTOUT #5 "UPDATE PORTED" EXCITER -

Continued from page 1

PSI SINGLE PIPE STOCK PIPE -40MM

270 MAIN JETS 270 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR

TEST: 100 RPM/Sec Acceleration TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .712 FUEL SPEC. GRAV.: .712

VAPOR PRESSURE: .34 VAPOR PRESSURE: .34

BAROMETRIC PRES.: 29.32 BAROMETRIC PRES.: 29.32

RPM CBT CBHP FUEL AIR A/F BSFC CAT RPM CBT CBHP FUEL AR A/F BSFC CAT

6500 617 764 539 1721 147 72 47 6500 569 704 518 1573 139 /5 S0

6750 630 810 553 1698 141 .70 47 : 6750 59.1 760 526 1616 141 7 48

7000 646  86.1 566 1680 139 .66 46 7000 610 833 833 1571 135 .67 47

7250 66.1 912 553 1650 137 62 46 7250 621 867 6538 1635 131 64 48

7500 660 942 563 1636 133 61 44 7500 630 900 &5 1553 133 61 48

7750 476 702 578 1547 123 84 47 7750 620 915 588 1667 122 .66 49

8000 374 570 563 1479 121 101 47 8000 59.5 906 583 1570 124 66 49
8260 521 818 568 1551 125 7 49

DECKER PIPE AAEN PIPE -40MM

270 MAIN JETS 270 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR

TEST: 100 RPM/Sec Acceleration TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .712 FUEL SPEC. GRAV.: .712 ,

VAPOR PRESSURE: .34 VAPOR PRESSURE: .34 ™

BAROMETRIC PRES.: 29.31 BAROMETRIC PRES.: 29.31

RPM  CBT CBHP FUEL AR A/F BSFC CAT RPM CBT CBHP FUEL AR A/F BSEC CAT

6500 541 670 478 1520 146 .73 48

6750 566 727 510 1857 140 72 48 6500 555 687 517 1628 145 77 48

6750 579 M4 533 1614 139 73 47
7000 59.1 788 534 1535 132 &9 47

7000 608 810 544 1616 136 60 48
7250 613 846 531 1505 130 64 47

7250 623 860 543 1612 136 65 48
7500 624 89.1 535 1469 126 61 47

7500 626 894 567 1605 130 65 47
7750 632 933 551 1500 126 61 48

7750 627 925 603 1627 124 67 47
8000 622 947 5§57 1532 126 60 47 8000 619 943 618 1673 124 &7 47
8250 576 905 557 1536 127 63 48

8250 555 872 589 1686 13.1 .69 47

QOAI\E::NI.,JIIETPSE PS! SINGLE PIPE -40MM
CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR AN

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: 712 TEST: 100 RPM/Sec Acceleration
' FUEL SPEC. GRAV.: .712

VAPOR PRESSURE: .34 VAPOR PRESSURE: .34

BAROMETRIC PRES.: 20.32 o

BAROMETRIC PRES.: 29.31

RPM CBT CBHP FUEL AIR A/F BSFC CAT RPM CBT CBHP FUEL AR A/F BSEC CAT

6500 617 764 548 1692 142 73
6750 643 826 5.7 1721 139 70
7000 645 860 56.1 1680 13.8 .67
7250 644 889 563 1648 134 .65
7500 634 905 58.1 1639 13.0 .66
7750 559 825 59.1 1652 128 .73
8000 450 685 6578 1603 127 86

6500 538 666 497 1675 146 .76 49
6750 573 736 526 1620 1141 73 49
7000 60.7 809 542 1555 132 49 49
72560 61.7 852 542 1539 130 65 49
7500 626 894 540 1564 133 62 48 Sy
7750 643 949 558 1541 127 &0 48
8000 630 960 597 1602 123 44 49
8250 537 844 559 154 128 .68 49

8588666
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When field testing our *Update Ported" Exciter
project sled, Richard Hiley experienced se-
vere difficulty getting the engine to operate
WOT at 7750 RPM, especially with the PS| twin
pipes. The following were symptoms that may
appear familiar fo many of our subscribers
who have written or called with the same
problem.

Wavering engine speed at WOT.

Engine speed “locking" at a lower than de-
sired RPM at WOT, then increasing as the
throttle opening is reduced.

Unexplained WOT seizures, even with rich jet-
ting.

Lack of power.

Richard burned several pistons trying to get
the Exciter to run properly at 7750 RPM. Mys-
teriously, switching back to the stock pipe
and 40mm shorter Y pipe eliminated the
problems. Accordingly, we decided to put
the Exciter with the twin pipes back on the
dyno, to determine If something had
changed since our origindl evaluation.

This time, our dyno testing was done using
Richard’s gutted airbox, 330 main jets, and
the same 92 octane gasoline that he was us-
ing. Our CAT was in the teens F. Running our
initial acceleration tests at the same slow
rates (100-200 RPM/Sec) that we used in our
previous test gave us 98 CBHP at 7750. Every-
thing seemed fine.

Next, we performed a 'step test* where the
engine is held by the computer steady-state
at each 250 RPM increment for approxi-
mately 3 or 4 seconds before the data is
recorded. Again, the engine made close to
our original 100 CBHP at 7750. | was beginning

to wonder if Richard needed a lesson in carb
and clutch tuning. ,

At this point we reverted to our acceleration
test mode, increasing the acceleration rate
to a very rapid 1000-2000 RPM/Sec. Each time
we tested in this rapid mode, the fuel flow
and horsepower dropped drastically after
7500 RPM. Richard was relieved.

Noting the unusual drop in fuel flow which ac-
companied the power drop, we then com-
bined our rapid acceleration rate from 4000
to a steady state test at 7750, where we
would manually record several readings. To
our amazement, the engine lost 10 Ib/hr of fu-
el flow and 40 horsepower when held
steady-state at 7800 RPM after accelerating
rapidly through the power band! After
recording data four times, we gradually
pulled the engine down to 7500 RPM where,
mysteriously, the fuel flow jumped 10 Ib/hr
and the horsepower returned to normal.
Then, we allowed the engine to slowly return
to the higher RPM and the missing horsepow-

er and fuel flow were back! The following test

resulted. This is uncorrected data with the ex-
act time (hrminisec.hundredths) that the
data was recorded listed to the right.

TEST: UNCORRECTED DATA RECORDED MANUALLY
FUEL SPEC. GRAV.:.700

VAPOR PRESSURE: .21

BAROMETRIC PRES.: 30.31

RPM  CBT CBHP FUEL CAT TIME

7842 407 60.8 5562 31 07:36:28.96
7810 408 60.7 55.9 32 07:36:29.81
7830 398 593 5.5 31 07:36:30.86
7834 395 589 594 30 07:36:32.46
7564 708 1020 652 28  07:36:53.46
7548 71.0 1020 648 28 07:36:54.31
7930 633 956 682 28 07:37:00.21
7672 700 1023 659 27  07:37.04.81
7828 68.9 1027 66.1 27  07:37:.08.06

To-eliminate the possibility that one cylinder or
carburetor was causing all the grief, we then
monitored the fuel flow of each carb individ-
ually, and repeated the previous test. Again,
accelerating the engine rapidly to 7750-7850
RPM and holding the engine steady-state, ;?s
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On our stock test sled, we are us-
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—BAD VIBRATIONS?

Continued from page 4)

fuel flow dropped to 55 Ib/hr, and the horsepow-
er dropped to 60. Switching our fuel flow readout
from one carb to the other revealed an identical
27-28 Ib/hr in each cylinder.

Then the PTO cylinder detonated, and the piston
seized. Our test session was ended, but we had fi-
nally seen graphically on the dyno what Richard
and others had been experiencing in the field.

We have to assume that something is happening
inside the carbs to cause the engine to lean out
drastically. it's not the fuel system; when we moni-
tored the left and right carbs. we eliminated the
stock fuel pump. We relied totally upon the Super-
Flow fuel pump to supply the engine, and the
problem persisted.

A very likely possibility is that at high speeds
and certain loads, some Exciter crankshaft’s
natural frequency and resonance (both har-
monic and torsional vibrations) could be
transferred to the carburetors, causing fuel

~flow problems. We have seen this phe-

nomenon on a few other sleds--those that
have had their engines mounted solidly in
their chassls’ are especially susceptible.

Volume 1

Number4 Pageb

Modified Exciter engines are notorious for
rapldly wearing out and even destroying
drive clutches in as little as 100 miles. The
same high frequency vibrations that might be
causing the carburetion difficulties are most
likely beating up the cluich components as
well.

PS! is marketing a bolt-on balancer for the Ex-
citer engine that is supposed to dampen
some of these destructive (and horsepower
robbing) vibrations. We have ordered one to
install on our engine. Hopefully, we will
have time to test it before the next issue.

| should note here that Tim Bender has devel-
oped a three cylinder Exciter that is sched-
uled for production (by Bender Racing) this
vear. Three prototypes have been used for
extensive dyno and trail endurance testing.
and they have exhibited none of the prob-
lems that the two cylinder versions have had.
Having a power stroke every 120 degrees, the
Exciter triple is much smoother running both
on the dyno and on the trail. Carburetion has
been consistent, and clutch wear Is negligible
even after 8500 trail and Iake miles

RE N

DYNOTECH has been modifying
the 1989 Exciter qirboxes to im-
prove top end performance in
the following way. Enlargening
the air intake opening (as indicat-
ed in the photograph) causes a
dramatic increase in airflow, AND
SUBSEQUENT REDUCTION IN FUEL
FLOW. The plastic air duct that
feeds cold air to the box must be
modified to match the new open-
ing, and sealed accordingly.

ing 330-340 main jets to be safe at
sea level, at 10 degrees F. on 94
octane pump gast




The 1989 Ski Doo Formula Plus represents a radical
departure from past Plus performance. This year,
with the introduction of the Mach | as their new
high performance standard, Bombardier has
elected to relegate the Plus to duty as their mid
range high-torque trail cruiser. By virtue of its de-
tuned condition and increased low RPM tractabil-
ity. the 1989 Pius now competes on the trail and in
the marketplace with the Arctic Cat EXT, Polaris In-
dy 500, and Yamaha's Exciter.

The test data that we have provided for this analy-
sis does not include temperature compensated
jetting. Just as we were completing our stock jet
baseline evaluation (six repetitive tests) we en-
countered a severe cooling problem that was lat-
er diagnosed as a loose water pump impeiler.

While we were unable to compile further com-
plete dyno tests due to the rapid temperature rise

in the engine, we did record close to 75 CBHP at
7000 RPM with 220 main jets installed

STOCK 1989 FORMULA PLUS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .699

VAPOR PRESSURE: .30

BAROMETRIC PRES.: 29.49

RPM CBT CBHP FUEL AIR A/F BSFC CAT

6250 6505 505 425 1049 113 86 49
5500 530 555 459 1144 114 84 48
5750 538 6589 475 1116 108 .82 48
6000 550 628 492 1091 102 .79 47
6250 656 662 490 1097 103 .75 48
6500 552 683 508 1135 103 .76 49
6750 546 702 517 1134 101 75 47
7000 6549 732 529 1166 1001 73 48
7250 507 700 553 1293 107 .80 47
7500 408 583 541 1207 102 .94 49

80hp

75hp

70hp /

oshp /

Make & Model
Engine Type
6°hp Cooling
Displacement
Bore & Stroke

55hp

Carburetion (2) Mikuni VM34

Single w/Canister

50hp
5500rpm 6000rpm 6500rpm
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Our stock 1988 Wildcat with 38 mm carbs and a
gutted airbox served as a baseline engine for this
Fil spec analysis. We decided to use Arctco’s
published 1988 Flll specs, which were designed
originally for oval racers but have also worked out
well for very high performance trail sleds. We be-
gan our test session with the olil injection function-
al

BASELINE

290 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .38

BAROMETRIC PRES.: 29.70

RPM CBT CBHP FUEL AR A/F BSFC CAT

6500 627 776 609 1738 131 .81 Al
6750 654 841 616 1805 135 .76 &9
7000 667 889 602 1810 138 70 70

—.71250 665 918 599 1834 141 68 7N

7500 680 973 668 1861 163 59 &
7750 701 1034 612 1915 144 .61 70
8000 702 1069 623 1950 144 .60 70
8260 677 1063 68.1 1969 133 .66 70
8500 580 939 714 1954 126 .79 7

Boyeson carved us a set of what were then proto-
type reeds, and we installed them for airflow and
horsepower analysis. The result was a slight air
flow and CBHP improvement at the top end of
the power curve.

BOYESON REEDS

290 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .38

BAROMETRIC PRES.: 29.74

RPM CBY CBHP FUEL AIR A/F BSFC CAT

6500 636 787 572 17701 142 75 67
6750 649 834 590 1793 140 73 67
7000 665 886 572 1810 145 .67 67
7250 668 922 586 1838 144 65 68
7500 681 972 569 1858 150 .60 68

7750 704 1039 568 1913 155 .56 67

8000 71.1 1083 639 1947 140 .61 67
8250 684 1074 66.1 1998 139 .63 64
8500 570 923 666 1984 137 .75 67

We then installed a set of carbs that had been
bored to 39.2 mm. Aiflow was vitually un-
changed-the horsepower improvement resulted
from the reduced fuel flow.

39.2 MM CARBS

290 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .38

BAROMETRIC PRES.: 29.76

RPM CBT CBHP FUEL AR A/F BSFC CAT

6500 596 738 508 1730 156 7 68
6750 641 824 497 1819 168 62 68
7000 661 88.1 47,1 1823 178 55 68
7250 667 921 521 1863 164 58 66
7500 679 970 542 1825 165 58 76
7760 705 1040 525 1889 165 52 75
8006 717 1092 578 1948 155 55 70
8260 707 1111 626 1980 145 58 70
8500 662 1071 588 1992 156 57 76

We went back to the 38 mm carbs, stock reeds,
and stock pipes. and installed a set of *Etrude-
honed" cylinders that were recelved from Breck
Norton of Essex Junction, Vermont for evaluation.
‘Extrudehohe” Is the trade name of an industrial
process involving the forcing of an abrasive slurry
through intemal passages. The actual port dimen-
sions were changed very little by the process; the
ports were almost devoid of any casting rough-
ness, and were polished to a near mirror finish,

After instaling the cylinders, the engine was
warmed for approximately three minutes on the
dyno before making our first full throttle pass. We
soon noticed that the oil injection lines were dis-
connected from the fittings on the intake ports.
The result was a puddle of oil formed under the
engine, which had been running without oil. Sev-
eral minutes of good natured accusations of me-
chanical incompetence ensued as to which of us
had neglected to install the oil injection lines. We
then discovered that the lines had hydraulically
forced themselves off of the brass intake fittings
which were completely plugged with Extrudehone
abrasive media!l b
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(CONTINUED FROM PAGE 7)

Unable to remove the abrasive from the tiny ori-
fices, we had no choice but to run premixed oil
and gas. This would affect the carburetor’s fuel
flow characteristics, and we would have to repeat
the stock cylinders with the premixed gas and oil.
All further tests were on premix.

EXTRUDEHONED CYLINDERS

290 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .50

BAROMETRIC PRES.: 29.84

RPM  CBT

CBHP FUEL AIR A/F BSFC CAT

6500 620 767 569 1713 138 .77 77
6750 640 823 535 1757 151 .68 77
7000 657 876 543 1818 1564 45 78
7260 670 925 585 1832 144 66 77
7500 683 975 624 1857 137 .67 78
7780 712 1051 61.2 1890 142 61 77
8000 709 1080 631 1936 141 6] 77
8260 686 1078 642 1988 142 462 77
8500 571 924 707 1956 127 .80 76

Repedating our baseline stock cylinder test with the
premixed gas and oil showed slightly lower air and
fuel flow, but slightly more CBHP!? (See compan-
ion article "EXTRUDEHONED v. STOCK"

BASELINE 2--STOCK CYLINDERS

290 MAIN JETS ‘

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .50

BAROMETRIC PRES.: 29.83

RPM CBT CBHP FUEL AR AfF

6500 637 788 569 1709 138 .66 82
6750 654 841 547 1737 146 .68 81
7000 673 897 502 1774 162 59 79
7250 675 932 538 1810 154 .0 80
7500 683 975 580 1817 144 .62 79
7750 705 1040 613 1865 140 .62 81
8000 714 1088 670 1916 13.1 .65 82
8250 69.7 1095 674 1965 134 .64 80
8500 613 99.2 686 1927 129 .72 79

Carl McQuiillen ported his cylinders exactly to the
1988 Flll spec, which concentrated most of the
work on enlarging the intake ports, some ex-
haust work, and cutting the heads .030. The 38

mm carbs were retgined with 290 main jets, and
the stock reed stops were opened up to 10 mm.
Again, stock pipes were used.

Flll CYLINDERS & HEADS

290 MAIN JETS

CORRECTED DATA FOR 29.92 iN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .72

BAROMETRIC PRES.: 29.81

RPM  CBT

CBHP FUEL AIR A/F BSFC CAT

6500 665 823 563 1830 149 71 69
6750 700 900 540 1883 160 .63 70

7000 710 946 568 1934 156 .63 70
7250 725 100.1 589 1960 153 .61 n
7500 740 1057 660 1999 139 .65 69
7750 756 1116 649 2038 144 .61 70
8000 741 1129 728 2055 130 .67 69

8250 635 997 71.6 2050 131 .75 69
8500 475 769 693 1951 129 95 71

Next we shortened the header pipe two inches
per the Fill instructions. We tried this with the open
stingers with very similar results. This test data is
with the stock canister,

CUT HEADER PIPES 2"

290 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .72

BAROMETRIC PRES.: 29.83

RPM CBT CBHP FUEL AIR A/ BSFC CAT
6500 595 7346 6§14 1723 154 73 69
6760 637 819 528 1829 159 .67 69
7000 676 901 5§63 1900 158 .64 68
7250 694 958 579 1921 152 .63 70
7500 684 977 61.1 1924 145 .65 A
7750 686 101.2 645 1941 138 .67 69
8000 693 1056 672 1965 134 66 69
8200 696 1093 652 2022 142 .62 70
8500 676 1094 704 2042 133 .67 70

8750 594 990 819 2007 N3 .87 7

At this point we traded the stock pipes for a set of
PSl twins with the stock canister which resulted in
an excellent CBHP increase at every RPM when
compared to either the stock or the Fill cut pi;;e’s‘.

-
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| I'1L  conmue rrompace o
We used the PSI pipes throughout the rest of this 44 CARBS
evaluation. 370 MAIN JETS

PS! PIPES
290 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .72

BAROMETRIC PRES.: 29.83

RPM  CBT

CBHP FUEL AIR A/F BSFC CAT

6500 665 823 833 1754 151 467 67
6750 693 89.] 526 1809 1568 .61 67
7000 695 926 665 1828 1681 .62 67
7250 704 972 63.2 187.1 136 48 68
7500 723 103.2 61.0 1898 143 .62 68
7780 773 141 642 1976 141 59 68
8000 79.1 1205 700 2039 134 .60 67
8250 767 1205 660 2074 144 57 68
8500 670 1084 750 2038 125 .72 68

Advancing the timing to 25 degrees was on the Flll
spec list. Notice how it increased the CBHP at
mid-range and peak, but hurt us beyond the
peak.

ADVANCE TIMING 25

290 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .72

BAROMETRIC PRES.: 29.83

RPM  CBT CBHP FUEL AIR A/F BSFC CAT
6750  69.6 89.5 558 1813 149 65 67
7000 697 929 512 1865 167 57 66
7250 707 97.6 564 1909 1565 .60 67
7500 728 1040 601 1936 148 .60 66
7750 785 1168 640 1980 142 57 66
8000 799 1217 693 2023 134 59 66
8250 769 1208 749 2061 126 .44 65
8500 4607 982 722 1983 126 .76 65

Now it was time for the 44 mm carbs. With the
larger intake ports the Flil Wildcat was grateful for
the higher airflow of the 44 mm Mikunis and re-
warded us with more CBHP at mid-range and top

. end.

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .72

BAROMETRIC PRES.: 29.87

RPM CBT CBHP FUEL AIR A/F BSFC CAI
67560 700 900 56.7 1846 1562 44 64
7000 712 949 604 1912 145 .66 64
7250 727 1004 628 1969 144 65 64
7500 766 1094 626 2040 150 59 64
7750 818 1207 65.6 2119 148 56 65
8000 833 1269 691 2176 145 57 66
8250 81.1 1274 730 2237 1431 59 65
8500 67.7 1096 710 2199 142 .67 65

With the airbox removed we gained power above
7750 RPM. The gufted airbox, which was ade-
quate for the stock engine, was now causing a
slight restriction at very high air flow. Again, the
trade off Is the hot underhood air compared to
the cold outside air. All of our dyno testing on this
engine was done with the engine out of the sled,
and the CAT was unchanged.

44MM CARBS NO AB

380 MAINJETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration

FUEL SPEC. GRAV.: .711

VAPOR PRESSURE: .72

BAROMETRIC PRES.: 29.86

RPM  CBI

CBHP FUEL BSFC CAT

6750 703 904 601 &9 68
7000 71.1 948 626 .69 66
7250 725 1001 645 .67 68
7500 766 1094 647 62 68
7750 814 1201 667 .57 67
8000 847 1290 708 57 67
82560 830 1304 698 56 68
8500 737 1193 704 61 68

As afinal test for the Flll spec engine we reinstalled
the Boyeson reeds and repeated identical 130.4
CBHP. We went back to the airbox and air flow in-
take, and saw virtually identical air flow. While the
Boyeson reeds showed an improvement in the
stock engine, the 1988 Flll spec with its much larg-
er piston port doesn‘t receive a similar benefitQ
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WHY THE FAILURE? CARL McQUILLAN

Upon careful inspection of the extrude honed
cylinders one could see that the ports were
enlarged ever so slightly. Most noticeably dif-
ferent from stock was the removal of all cast-
ing roughness and irregularities. The intake,
transfer, and exhaust
ports were now polished
to a mirror finish. To help
explain the HP loss with
these cylinders vs. stock,
let me offer some "theory"
for you to consider.

"..a highly polished finish
such as the Extrude Honed
process done anywhere in
the intake ftract usually re-

First, let’s look at what the intake system (wet-
flow) does. As | pointed out, we must be con-

cerned with quality as well as quantity. Im-

properly suspended fuel droplets, (separated

air and fuel) can lead to inefficient combus-

tion and lost power. It therefore becomes im-

portant to keep all areas of an intake tract as

flow active as possible o encourage fuel at-

omization.

There are however, certain differences be-
tween effective intake and exhaust ports. Of
these perhaps the most influential is surface
texture. Here | need to introduce another
term that I'll try to make
as easy as possible to
understand.

Suppose you are stand-
ing at the edge of a flow-
ing creek. Assuming the

sults in a HP loss." creek is flowing in a

The dyno tests on my
Wildcat were somewhat
unusual, Rarely do we en-
counter a CFM gain through the motor that is
not rewarded with a HP improvement. How-
ever, with the Extrude Honed cylinders, such
was the case. We know from the dyno com-
puter printouts that the extrude honed cylin-
ders picked up CFM throughout most of the
RPM range but made less actual HP than
Stock.

The answer to this problem lies in the fact that
it is air quality, not quantity that can mean
the difference between gain and loss. We
can therefore say that if the mass air flow
through the motor increased but the HP de-
creased (all else being equal, which it was),
then somewhere we suffered a loss in air flow

quality.

On a two stroke, the inlet port and transfers
are subjected to what I'll call "wet flow" (air
and fuel). The exhaust port, on the other
hand, is subjected to "dry flow" (primarily ex-
haust gases). Accordingly, the surfaces of
these two systems must be treated differently
in order to achieve optimum HP.

straight line, the highest
rate of flow would be
near (or at) the center of
the stream. This activity decreases as you ap-
proach the bank’s edge. at which point there
is little or no movement of the water. In fact,
at the interfface between bank and stream
the water merely wets the shore, but this wet-
ness has some degree of thickness.

Similarly, in a flow passage, the moving medi-
um tends to ‘wet" the inner surfaces. For pur-
poses of this discussion we will define this zone
as a ‘boundary layer". This boundary layer
buildup can effect the actual size of the pas-
sage in terms of how much and in what con-
dition the mixture is presented to the exit of
the port.

In the case of the intake port, we accept the
fact that some amount of fuel will separate
from the moving air. As it does it falls onto the
existing boundary layer, where the tendency
is for it either to puddle or reform into larger
droplets that will eventually find their way in-
to the combustion space. Since we know that
larger droplets require more time to burn than -
smaller ones, the chances are increased that

some fuel will be wasted right through T.h.?




motor.

On the other hand., if some energy can be
maintained in this boundary layer, a percent-
age of this fuel would be "excited" back into
the moving air stream. One means of achiev-
ing this is to roughen the surfaces over which
weftflow passes. Though this tends to cause a
slight shrinkage in raw air flow, the beneficial
trade off is realized by an increased percent-
age of fuel in suspension.

Not so over the exhaust side. Here we don’t
require any energization of the boundary lay-
er. Rather we would allow the port to flow at
its maximum dimensional capabllities, so it’s
best to make them as smooth as possible.

What I'm geftting at, is that while the Extrude
Honed ports look nice, this process does not
make HP when applied to intake ports or
transfers. |t is fine to do this to the exhausts--
though the noticeable gain in HP would be
minimal without more drastic material re-
moval.

In summary, a highly polished finish such as
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the Extrude Honed process done anywhere in
the intake tract usually results in a HP loss. This
is due to the reduced quality of the mixture
delivered to the combustion space. If porting
for power is your goal, my recommendation
would be the old fashioned way, with porting
tools in the hands of an experienced opero-
tor, preferably one who uses a dynamometer
and flow bench and understands the dy-
namics inside a portQ

Carl McQuillen is the owner of McQuillen
Race Engines in LeRoy, N.Y. Carl’s shop pri-
marily produces high performance automo-
bile engines with the aid of his own SuperFlow
flowbench and dynamometer testing facility.

McQuillen powered cars hold several nation-
al records in highly competitive Stock and
SuperStock dragracing, and the national
record in the "unlimited street car" class was
set by a McQuillen powered Chevrolet Mal-
fbu during last year’s Super Chevy Sunday at
Baton Rouge (9.92 @ 141mph on DOT legal
street tires)Q

Recently we had a Wildcat on the dyno that
had been ported close to the Flll specs, and
had the opportunity to evaluate some carbs
larger than 44 mm. This engine was
equipped with PSI pipes, stock canister, and
had .030 cut off the heads. The first carbs we
tested were 44 mm standard Mikunis. Next we
tried a set bored to 46 mm (9% area in-
crease), and finally a set bored all the way to
48 mm (19% area increase). The 48’s were
made possible with the use of oversize slides
manufactured by the Crank Shop in Essex
Junction, Vt. (802-878-3615). They take your
carbs, bore and fit them with hand made
and anodized oversized slides for about $150
each.

This baseline data represents the best results
we achieved with the 44mm Carbs.

BASELINE 44MM
CC5--470 MAIN JETS

CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
TEST: 100 RPM/Sec Acceleration
FUEL SPEC. GRAV.: .700

VAPOR PRESSURE:.10
BAROMETRIC PRES.: 30.04

TEST CBT CBHP FUEL BSFC CAT
7250 676 93.3 60.7 63 29
7500 715 102.1 653 62 30
7750 766 1130 674 58 30
8000 798 1216 714 57 30

8250 785 1233 746 58 30
8500 710 1149 772 .65 29

Next we installed a pair of 46mm carbs, and
registered optimum results with 580 main js;s‘.
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LARGER CARBS (CONTINUED FROM PAGE 11)

—~
46MM twin benefits from the larger carbsQ
CC5--580 MAIN JETS
CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR 48MM
TEST: 100 RPM/Sec Acceleration CC5--630 MAIN JETS
FUEL SPEC. GRAV.: .700 CORRECTED DATA FOR 29.92 IN. Hg. 60 f DRY AIR
VAPOR PRESSURE: .10 TEST: 100 RPM/Sec Acceleration
BAROMETRIC PRES.: 30.04 FUEL SPEC. GRAV.: .700

VAPOR PRESSURE: .10
TEST CBT CBHP FUEL BSFC CAT BAROMETRIC PRES.: 30.03
7250 693 957 68.3 69 25 TEST CBT CBHP FUEL BSFC CAT
7800 739 1065 676 .62 26
7750 78.1 1162 690 58 27 7250 703 970 653 65 31
8000 804 1225 716 56 27 7500 760 1085 638 57 29
8250 78.6 1235 769 .60 26 7750 802 1183 694 57 30
8500 689 11156 786 .68 27 8000 833 1269 704 56 30

8250 825 1296 78.8 59 31
The 48 mm carbs required 630 main jets to 8500 75.1 12156 784 62 31
achieve a similar BSFC. It is obvious that this big
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DYNOTECH receives many requests for informa-
tion and clarifications of data. The following
addresses some of the most commonly asked
questions.

ARCTIC

Which baffle did we remove in the Wildcat air-
box? The cast-in shelf just inside the screen in
the qirbox. We typically pop the screen out
and use a hole saw on the baffle to relieve it as
much as possible. The screen and outside
'scoop” don‘t appear to affect airflow.

How is the EXT (issue #3) faring with exira timing
cranked into i#? The owner opted to revert
back to the stock timing. We would like to re-

SRR R R R R e s s

ceive feedback from subscribers who are using
the extra timing in their EXT's.

YAMAHA

How precise are Yamaha'’s tachs in terms of
accuracy? Generally excellent. Phazer tachs
(mechanical) have a slight "lag” time, but are
usually dead nuts when they catch up to the
engine.

In our stock Phazer pipe shootout, did we con-
fuse the data between Aaen’s two pipes? No.
Our stock Phazer performed best with the Qui-
et Can pipe.

POLARIS

In our Indy 650 pipe shootout, did we conft’l;;:

—~
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- FEEDBACK

(CONTINUED FROM PAGE 12

Can you provide us with the Polaris Enduro
Specs so we can port our 650 engines? They
are available through your Polaris dedler who
can get them directly from the factory.

Are the 650 tachs really that bad? They are al-
most acceptable on stock (low RPM) engines,
where they usudlly register within 100 RPM.
However, on high RPM engines (9000+), errors
of 300 to 1000 RPM are common. They usually
read high. The good news is that Polaris will cal-
ibrate your tach at a particular RPM for $3.00.
The last factory calibrated tach that we had
an opportunity to test registered 400 RPM low
at 5000 RPM, 600 rom high at 9000 rom, and
dead on at 10,000 rpm.

SKI DOO

Our Mach | hop up article will appear in our
next issue. We have just obtained all of the cur-
rently available aftermarket pipes. and will try
to include them also.

AIR DENSITY GAUGES

Many subscribers have written about relating
their Air Density gauges to our dyno test data.
Air Density gauges measure qir temperature
and barometric pressure, then translate that
data into a gauge reading ranging from 80 to
120--with 100 representing 60 degrees F at sea
level (29.92 in. mg.). A higher gauge reading
indicates a higher barometric pressure and/or
a lower air temperature. A 105 gauge reading
indicates that there is 5% more oxygen per giv-
en volume of air--fuel flow should be increased
5%, and observed horsepower will be 5%
higher.

To determine what the Air Density was during
any of our dyno tests without an qir density
chart (we're trying to locate one that we can
reproduce in DYNOTECH). you must DIVIDE THE
OBSERVED (ACTUAL) HORSEPOWER B8Y THE
CORRECTED HORSEPOWER (CBHP). Because
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we normally show only the CBHP in our data,
and our BSFC data is based upon OBSERVED
horsepower, we can offer the following formu-
la to determine what the OBSERVED (actual)
horsepower was during a particular test:

Fuel flow (lb./hr.) divided by BSFC (Ib./hp.ht.) =
Observed HP.

Then, Observed HP divided by CBHP = RAD, or
air density gauge reading.

For a demonstration of how this formula works,
we can use the data from the modified Wild-
cat engine with the 48mm carbs tested in this
issue (page 12).

-Our barometric pressure was 30.03. At 8250

RPM, our CAT was 31. Fuel flow was 78.8 Ib./hr.,
and the BSFC was .59 Ib./hp.hr.

FUEL FLOW (78.8) _ OBSERVED HP (133.6)
BSFC (.59)

BSERVED HP (133.0) - RAD-GAUGE (103
CBHP (129.6) (163

At 103 RAD, this engine was happy with 640
main jetfs in the 48mm carbs. Running the en-
gine at 0 degree F CAT, 30.0 in. hg. (sea level)
barometric pressure (113 RAD on our chart or
gauge) would require approximately 700 main
jets, and our Observed Horsepower would be
about 146.

On the other hand, running the same engine
at 90 degrees F CAT at 28.00 in. mg. barometric
pressure (86 RAD) will require approximately
550 main jets, and our Observed Horsepower
would be around 112.

CURB WEIGHT DATA

We've had requests from numerous subscribers
for actual curb weight data on the sleds we
test. If we meet our subscription goal this year,
we will purchase a commercial scale and be-
gin including power-to-weight ratios in our
stock evaluationsQ
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Detonation, or engine knock, is the great destroy-
er of engines. Everyone has heard the clatter and
ping of detonation as a car or truck engine lugs
up a hill on heavy throttle. Knock sets the upper
limits on performance; as we raise compression,
advance the spark, or lean out the mixture, we
eventually encounter detonation. You may have
never heard deto on a sled, but nearly everyone
has experienced it in one form or another-
overheating. piston and
cylinder head erosion,
sezure, and holed pis-
tons.

In normal combustion,
the electric arc at the
plug heats a small vok
ume of mixture enough
to initiate combustion.
Because the mixture in
the combustion cham-
ber is still in rapid, turbu-
lent motion from the
transfer process, this small kemal of flame spreads
rapidly at speeds up to 200 feet per second, until
the entire chamber--full of mixture—-is consumed.
Normal combustion is rapid, but it is not by any
means an explosion.

damage."

If t were an actual explosion, the shock loading
on piston, rod, and crank would shortly destroy
those parts. In an explosion, the buming reaction
spreads faster than the speed of sound, generat-
ing a destructive shock wave. Normal combustion
spreads at a small fraction of sonic speed. and
the process of combustion pressure rise occupies
many crankshaft degrees--typically 30-40, so that
the loading-up of the mechanical parts by this
pressure is comparatively gentle.

As nomal combustion takes place, heat and pres-
sure cause chemical changes in the remaining
unbumed charge. Fuel molecules break apart to
form what are called free radicals. which . are
highly reactive. Normally, the flame front bums the
whole charge before any problem deveiops.
However, if the last bits of unbumed charge are

‘This is detonation--a spontaneous igni-
tion of part of the fuel-air mixture after
normal combustion has been started
by the ignition spark. The shock wave it

produces hits engine parts with a ham-
mer-like blow, producing the charac-
teristic sound and, if prolonged, engine

heated enough, for long enough..the population
of free radicals becomes so great that sponta-
neous explosion results. This is detonation—-a spon-
taneous ignition of part of the fuel-air mixture affer
normal combustion has been started by the igni-
tion spark. The shock wave it produces hits engine
parts with a hammer-ike blow, producing the
characteristic sound and, if prolonged, engine da-
mage.

Please keep detonation
separate in your mind
from pre-ignition. Pre-
ignition is spontaneous
combustion of the
charge before the spark.
It is always caused by
some ignition source in
the chamber. This may
be a spark plug of too
hot a heat range, run-
ning hot enough to ig-
nite the charge. It may
be hot, glowing carbon deposits. It may be wisps
of flame left over from the last power stroke, hid-
ing in a stagnant part of the chamber. Because
pre-ignition is equivalent to very early spark timing,
it causes rapid overheating and leads directly to
destructive detonation.

All gasolines contain approximately the same
amount of energy, but vary greatly in their resis-
tance to detonation. To measure a fuel’s detona-
tion resistance, the ‘octane scale* is used. This
compares an unknown fuel with mixtures of two
pure fuels of known performance; octane and n-
heptane. One hundred percent octane is arbitrar-
ily given the rating *100-octane’, while 100% n-
heptane is given a zero octane rating. A fuel
made of 50% octane and 50% n-heptane would,
for example, be rated 50-octane. A special single
cylinder test engine, running under closely con-
trolled conditions, is used. Its compression ratio
can be varied as it runs. It Is first run on the test fuel
while the compression ratio is raised until detona-
tion just begins. Then various mixtures of octane
and n-heptane are run in the engine, until ¢
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DETONATION

(Continued from page 14)

a mixture is found which just begins to detonate at
the same compression ratio as the test fuel. If this
is, for example, 93% octane/7% n-heptane, we
would cail the test fuel 93-octane. Fuel octane rat-
ing cannot be determined without the use of a
test engine. The performance advantage of
higher-octane fuels is that, using them, we can
safely employ a higher
compression ratio and so
get more power.

_ piston(s).
Certain additives can
greatly increase detona-
tion resistance—notably
tetra ethyl lead. Because
this lead compound is so
extremely toxic, Federal
law prohibits its sale to unlicenced persons.

What causes detonation? The immediate causes
are any of the following:

Too-early ignition. This holds the charge com-
pressed for a longer time, and so allows the fuel
extra time in which to detonate.

Excessive engine temperalure. This heats the
charge faster than nomal in the combustion
chamber.

Lugging at low crank RPM and heavy load. Lug-
ging holds the piston near TDC for longer than nor-
mal. This, combined with heavy throttle, gives both
time and temperature a chance to make the
charge detonate. The clutch must let the engine
work in its best torque range.

Poor fuel quality. Fuels vary in their resistance to
detonation. Racing gas is best where detonation
has been a problem. Street gas has wide variabil-
ity from batch to batch.

Excessive compression ratio. This causes extra
heating of the compressed charge, and higher
flame temperature, encouraging detonation.

Mixture lean-out. Mixture changes with tempera-
ture. As the air gets colder, it becomes more
dense, and your engine’s mixture becomes lean-
er. Two-stroke engines are jetted to remain safely
rich on the coldest forseeable day. Extra richness
cools the intake charge and reduces combustion

"The next stage is outright seizure of the
In heavy detonation, the
hottest parts of the piston--the exhaust

edge and occasionally the center--are
blasted and deeply eroded."

Volumel Numberd Pogels

temperature--thereby warding off detonation. If
your sled is jetted for summer grass dragging.
don’t expect it to run right on frozen lakes in Jan-
uary--it will run lean, possibly enough to detonate
and damage itself. Anything that interferes with
fuel flow--blocked jets or filters, failing pump.
plugged tank breather, pinched fuel lines, or miss-
ing air filter--can potentially lean your engine out
and cause detonation.

Changing oil ratio without changing jetting. On
sleds whose oil is mixed
directly into the fuel,
adding extra ol leans
out the mixture--often
leading to detonation.

Factory installed de-
fect. Despite usually
careful testing, facto-
ries have grim delivery
schedules and sometimes rush through models
with lean spots in the carburetion. Ask someone
who knows the model you have.

The effects of detonation can be subtle or horribly
obvious. Normally combustion chamber surfaces
are protected by a thin layer of stagnant gas that
doesn’t move much--the boundary layer. This gas
layer acts as insulation for the parts, and con-
tributes to the survival of the aluminum engine
components which have a melting temperature
4000 degrees F. lower than the normal combustion
chamber temperature. Detonation’s shockwave
scours the boundary layer away, allowing pistons
and cylinder heads to pick up more than nomal
amounts of heat. You may notice this on your wa-
ter temperature gauge as an unexplained tem-
perature rise. Exhaust gas temperature measured
in the header pipe may actually decrease during
detonation because a greater amount of the
thermal energy is absorbed by pistons and com-
bustion chambers.

If detonation is light, it will leave the outer edges of
your piston crowns and combustion chambers
looking as though they had been lightly sand
blasted. At this stage you probably won't see evi-
dence on your spark plugs. As noted above, you
usually don’t hear deto with these engines, but if
you do it will be in the form of a high-frequency
chirp, coupled to the throttle position. Part-throttie
clatter is usually just mechanical noise from piston
clearance.

Heavier detonation not only blasts piston M
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DETONATION

(Continued from page 15)

and head surfaces but causes so much extra heat
flow through these parts that the piston’s oil fim
can’t carmy it. You now get characteristic vertical
black streaks on the piston’s friction surfaces—-what
Japanese engineers call "hard marks'. Check the
piston’s dome contour against a new piston; you
may see that the center of the dome has been
heat-softened and depressed slightly by combus-
tion pressure. Spark plug center wires, normaily
sharp ended from the manufacturing process,
may now show some sign of softening, like a glass
rod heated in a bunsen flame.

The next stage is outright seizure of the piston(s). In
heavy detonation, the hottest parts of the piston--
the exhaust edge and occasionally the center--
are blasted and deeply eroded. These parts have
a matte, chemically etched appearance, with
some remarkably deep pits and holes. The piston
rings may be exposed or the piston may actually
be holed. When deto this heavy is in process, you
occasionally see it on the spark plug. looking like a
tiny gray flake of cigarette ash. Actually, it is a
splash of aluminum. Detonation does not produce
shiny little metallic balls; these are the result of oil
or fuel additives.

People who run hard all the time--racers, lakes
madmen, etc., have usually leamed the ways of
detonation and are savvy in dealing with it. The
people who are taken by surprise are those who
seldom use full throttle for more than a few sec-
onds. These are the guys who bum any fuel they
can find--even old lawnmower gas from behind
the shed. They don’t know much about their sleds,
and they don’t know that mixture leans out as the
weather cools, or as you add more oil to it. When
one of these inexperienced owners is tempted by
a hailf-mile of smooth snow, deto is waiting" to
knock his engine silly.

Since the EPA began its program of eliminating
lead antiknock compounds from pump gasoline,
fuel makers have used various other schemes to
achieve detonation resistance. One resutt is that
pump fuel quality is quite variable. On this week’s
batch your sled runs fine, but next week could be
a different story. We are bombarded by advertise-
ments urging us to "'make your own high octane
race gas" by using patent additives. The additive
may or may not be -OK, but the gas you are
adding it to--pump gas--is inconsistent. If you defi-

nitely need exira detonation resistance in your fu-
el. a betfter way to go Is to use race gas, bought
from whoever supplies stock-car or drag racers in
your areaq. It costs a lot (§3-5/gallon). but so did
your $6000 sled.

A less expensive high octane fuel is biue 100 LL
aviation gas, available at most local airports for
less than $2 per gallon. However, Av gas does not
premix well with certain non petroleum two-stroke
oils. Be sure to carefully check this out before using
it

Non-racing sled engines are designed to run per-
fectly well on available pump gasolines, but fac-
tories sometimes make mistakes, and owners per-
form engine modifications that can change the
engine’s octane requirements. Before rushing off
to buy race gas or trick additives, make sure your
machine is tuned as it was intended to be.

Using high-octane fuel in an engine that does not
require it will not produce extra power. Likewise, it
will not "burn out" or otherwise damage an en-
gine. The stories I've heard about engines
wrecked by superfuels are told by people who
confused jet fuel with aviation gas. Jet fuel, which
is similar to kerosene, is violently pro-knock.

The higher your engine’s level of tune, the more
important it becomes to be sure it is properly
tuned. A ten year old trail sled with slipped timing
and an intake airleak may run OK, but don‘t ex-
pect a modem high performance sled engine to
tolerate this kind of neglect. Even with stock sleds,
make sure of tuning variables and use fuel of
proven quality and consistency Q
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