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The modified Phazer that we used for our ninth
pipe shootout was one of the many 80+ CBHP
Bender “clones’ that have proliferated Western
New York. Bender’'s Phazer porting is very similar to
the Phazer porting that we have had the opportu-
nity to examine by Aaen, Reichard, and PSl. With
the Bender Racing combination, the exhaust port
is widened and polished, transfers cleaned up,
and intake aitered mostly by the use of an "SX’
style piston cut (see drawing). The SX piston cut
was developed by Yamaha for Formula 56 oval
racing., and has proven to be a consistent four
horsepower add-on for any Phazer-even with the
stock pipe.

The heads had the squish bands relieved to .090
clearance, then the .029" thick head gaskets were
removed. Bolting the heads directly to the cylin-
ders with a light coating of silicone sealer left us
with a net .061" squish and higher compression.
This particular engine used the stock reeds, stock
butterfly carbs, Dial-a-Jets and gutted airbox.
Such a combination is fine for improved stock dra-
gracing on 100 octane gasoline, but difficuft to
trail ride because of high compression and mid-
range leanness.

For trail riding on pump gas. the head gaskets are
reinstalled with a stock airbox. Remember: if it
"pings”, let off the throttle and jet up or you will be
buying new piston(s)!

The pipes used for this Shootout include the Aaen
Quiet Can and Single Silencer pipes. PSI’s single
and twin pipes, Decker’s single pipe, and Re-
ichard Yamaha's new single pipe as well as their
cut stock pipe.

During our test session, the - Carb Air Temperature
was in the 70's. 100 LL Avigation fuel was used
throughout the test, and the oil injection was re-
tained.

*SX" PISTON - INTAKE SKIRT MOD.

m—

This first set of data was obtained with the stock Y
pipe. 150 main jets, and the Dial-a-Jets as indicat-
ed to achieve a similar A/F ratio and BSFC.

STOCK PIPE 150mj DJlean 88dB
Data for 29.92 inches Hg. 60 F dry air.

TEST: 100 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .715
VAPOR PRESSURE: .58
BAROMETRIC PRESSURE: 30.26

RPM CBT CBHP FUEL AIR A/F BSFC CAT
5000 318 303 242 759 131 82 75
5250 342 342 252 840 1583 75 73
5500 382 400 285 930 150 .73 75
57560 437 478 329 1030 144 7N 74
6000 469 836 354 1092 142 68 76
6250 490 583 401 145 131 70 74
6500 493 610 426 1169 126 72 74
6750 490 630 426 1172 126 49 74
7000 472 629 421 1166 127 .69 74
7250 437 603 422 1148 125 72 74
7500 398 568 401 1116 128 73 75
7750 354 522 395 1097 128 78 73
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PS! SINGLE PIPE 150mj DJlean 90dB
Data for 29.92 inches Hg. 60 F dry air,
TEST: 100 RPM/Sec Accel.

FUEL SPECIFIC GRAVITY: .715

REICHARD CUT STOCK PIPE 150m] DJlean 88dB
Data for 29.92 inches Hg. 60 F dry air.

TEST: 100 RPM/Sec Accel.

FUEL SPECIFIC GRAVITY: .715

VAPOR PRESSURE: .58
BAROMETRIC PRESSURE: 30.26

VAPOR PRESSURE: .58
BAROMETRIC PRESSURE: 30.26

CONTINUED ON PAGE 4
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RPM CBT CBHP FUEL AIR A/F BSFC CAT
RPM CBT CBHP FUEL AIR A/f BSFC CAT
5500 429 449 327 924 130 74 70
00 2l )l w33 M6 130 4 X 5500 432 452 312 951 140 0 70
6250 475 565 356 1041 134 64 70 5750 439 481 315 988 144 67 69
6500 516 639 392 1104 129 63 70 6000 465 531 354 1049 136 68 70
%88 %.g gg.g ﬁ .g } }g{ }%; % . ;g 6250 489 582 378 1095 133 66 70
7250 564 779 451 1197 122 89 71 6500 %04 624 402 1134 130 66 70
7750 522 770 451 1210 123 460 70 7000 515 686 425 1195 129 63 68
420 640 434 1178 125 &9 70 7250 507 700 . 430 1192 127 63 69
PSI TWIN PIPES 150m) Ddloon 92 7500 482 688 426 1188 128 63 &9
" Data for 29.92 inches Hg. 60 F dry air. e g s s o e S
TEST: 100 RPM/Sec Accel. - - : - o .
FUEL SPECIFIC GRAVTTY: .715
VAPOR PRESSURE: .58 AAEN SINGLE SILENCER PIPE 150mj DJrich 90dB
BAROMETRIC PRESSURE: 30.26 Data for 29.92 inches Hg. 60 F dry air.
TEST: 100 RPM/Sec Accel.
RPM CBT CBHP FUEL AR A/F BSFC CAT FUEL SPECIFIC GRAVITY: 715
6000 501 572 384 1116 133 68 69 VAPOR PRESSURE: .58
6250 521 620 390 1138 134 64 &9 BAROMETRIC PRESSURE: 30.27
SR s % de i u e ~
;ggg ﬁ:‘? ;% 9 3\,7):? } 58:8 { }:Z : gg ;} RPM CBT CBHP FUEL AIR A/f BSFC CAT
7500 541 773 472 1223 119 63 72 6000 446 510 309 955 142 62 70
7750 532 785 456 1246 125 59 71 6250 519 61.8 372 1083 134 6] 66
8000 50.1 763 456 1246 125 6] 71 6500 55.1 682 415 1133 125 62 &9
8250 365 573 444 1168 12.1 79 70 6750 578 743 429 1174 126 59 71
. 7000 585 780 459 1210 1201 60 70
DECKER SINGLE PIPE 150mj DJrich 90dB
Data for 29.92 inches Hg. 60 F dry air. 7250 578 798 467 1229 121 60 70
TEST: 100 RPM/Sec Accel, 7500 552 788 466 1241 122 60 70
\F/LfPL SEE,%EE%U%EAX?: 715 7750 486 717 458 1240 124 65 70
B AROMETRIC PRESSURE: 30.26 8000 316 481 448 1123 115 95 7
RPM CBT CBHP FUEL AIR A/F BSFC CAT AAEN QUIET CAN PIPE 150mj DJrich 90dB
Data for 29.92 inches Hg. 60 F dry air.
2(7)88 g}l .g gg.g %%g 98-(2) } 2'8 -gg ;3 TEST: 100 RPM/Sec Accel.
6250 479 570 334 1010 139 &0 72 f}féggﬁggu%gf“\s’ng 710
6500 524 649 382 1090 131 60 71 =
6750 545 700 409 1119 126 .60 72 BAROMETRIC PRESSURE: 30.26
oA A0 msome g @ B
: : : : 0 . RPM CBT CBHP FU AR F
7500 508 725 425 1135 123 60 72 ’t AP BSFC CAT
7750 380 56.1 388 1094 129 71 72 6000 474 542 324 989 140 6] 70
REICHARD SINGLE PIPE 150mj DJrich 90dB 6250 504 600 366 1045 131 62 70
Data for 29.92 inches Hg. 60 F dry air. 6500 518 641 391 1084 127 62 70
TEST: 100 RPM/Sec Accel. 6750 561 721 413 1139 127 58 70
FUEL SPECIFIC GRAVITY: .715 7000 566 754 428 1168 125 58 70
RO R R o 30,26 7250 575 794 446 1198 123 57 70
7500 567 810 459 1214 121 58 72
RPM CBT CBHP FUEL AR A/F BSFC CAT 7750 522 770 448 1219 125 59 72
8000 326 497 421 110 a0
98 B2 oLz om o2 7 o
7250 529 730 434 1137 120 61 73 We also have experimented on several occasions —-
7500 520 743 421 1139 124 58 73 i '
7750 497 733 414 1135 126 58 72 with shorter Y pipes on the Phazer. Our tests have
8000 455 693 418 1118 123 62 72 indicated that, with most pipes, removing as little
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STOCK PIPE  PSI SINGLE PSI TWIN
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PRESENT DURING TEST:
JIM CZEKALA, BURT BIGSBY,
PATRICK PIERCE & JOHN COWIE
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as 1/8" to 3/16" adds one to two CBHP at a peak
RPM, usually sliding the peak up 250 RPM. The ex-
ception being the Aaen Quiet Can pipe, which
usually makes the best power with the stock Y
pipe.

Also, on our single Phazer pipes, the fiberglass
packing is critical. Burned out packing, besides
making more noise, typically costs two CBHP at
peak.

Cold air induction kits, sold by Aaen, Bender, and
others are also very beneficial; trading what is typi-
cally 80+ degree underhood air for cold outside
air is worth lots of free horsepower.

Mikuni 38mm flatslides are a popular add-on for
the Phozer. Their main benefit is midrange
tunability, and they offer slightly higher airflow
when used with a gutted airbox. Unless the airbox
is gutted, there is no power to be gained with
these carbs. For winter operation, we find that Q8
or RO needle jets are necessary.

With our Aaen Quiet Can pipe still in place, we in-
stalled a set of the 38mm flatslide carbs. The fol-
lowing test was typical of the runs we made with
the larger carbs. We did run some of the other sin-
gle and twin pipes with the larger carbs, and the
power improvement was similar.

-~
AAEN QUIET CAN 38 Flatslides Q6nj 220mj
Data for 29.92 inches Hg. 60 F dry air.
TEST: 100 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .715
VAPOR PRESSURE: .58
BAROMETRIC PRESSURE: 30.32 _
RPM CBT CBHP FUEL AIR A/F BSFC CAT
6000 476 544 357 1016 131 67 75
6250 51.1 608 362 1058 134 6] 76
6500 529 655 363 1099 139 57 77
6750 568 730 419 1154 126 59 76
7000 586 781 39.1 1197 141 51 76
7250 584 806 423 1212 132 54 77
7500 571 815 395 1228 143 50 77
7750 523 787 373 1231 152 48 76
Replacing the stock reeds with a set of Boyeson
fiber reeds gave us additional airflow and horse-
power in the midrange as well as top end. s
AAEN QUIET CAN 38 Flatslides Boyeson reeds
Data for 29.92 inches Hg. 60 F dry air.
TEST: 100 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .715
VAPOR PRESSURE: .52
BAROMETRIC PRESSURE: 30.31
RPM CBT CBHP FUEL AIR A/F BSFC CAT
6000 486 555 329 1010 141 60 75 “~
6250 526 626 39.2 1078 126 44 73
6500 546 676 381 1123 135 57 73
6750 576 740 394 1169 136 54 74
7000 602 802 374 1217 149 48 74
7250 60.1 830 402 1240 142 50 75
7500 586 837 450 1263 129 55 75
7750 533 787 456 1265 127 59 74

1990 ARCTIC CAT

The stock Prowler set up
and tested “In Chassis” on
the C&H Dyno.

A full Pipe Shootout will be
undertaken on this sled
when pipes become
available. Also, a future ar-
ficle will address Perfor-
mance Improvements.
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The 1990 Arctic Cat Prowler that we chose for this evalu-
ation was well broken In. with several hundred miles
on it's odometer. Testing this new model “in-chassis* was
simplified by the presence of removable side panels
(ike the Phazer) that dllow quick access to the
crankshaft, In addition, we removed the seat to allow
instaliotion of owr adirfiow meter to the stock airbox. 92
octane unleaded gasoline was used throughout the
evaluation.

The Prowler’s 34mm carbs were fitted with 230 main jets
to compensate for our mid-fifty degree F. Carb Air Tem-
perature. After a thorough wam-up and part throttie
check-out (everything appeared fine). we performed
several dyno runs to establish a baseline. The following
data is typical of our baseline tests.

STOCK BASELINE 230 main jets

Data for 29.92 inches Hg. 60 F dry air.
TEST: 100 RPM/Sec Accel.

FUEL SPECIFIC GRAVITY: .750

VAPOR PRESSURE: .38

BAROMETRIC PRESSURE: 30.04

RPM CBT CBHP FUEL AIR A/F BSFC CAT

Because the BSFC was so safe and rich (in the mid
elighties), we dropped the main jets to 200. This brought
the BSFC down into the high sixties, and resulted in a
corresponding power Increase to approximately 60 CB-

HP. Remember that this jet spec Is based upon our CAT
of 55 degrees F. at 500 ft altitude, on 92 octane gas.

The owner of this sled has chosen 230 main jets for his
winter riding. which have proven safe to 15 degrees F.
at sea level.

After completing our dyno evaluation, we weighed the
Prowler on our commercial Toledoi scale—~With two gal-
lons of gas and a full tank of oil. it weighed 460 lbs. sk

THREE SIZE LEANER 200 main jets
Data for 29.92 inches Hg. 60 F dry air.
TEST: 100 RPM/Sec Accel.

FUEL SPECIFIC GRAVITY: .760

VAPOR PRESSURE: .38

BAROMETRIC PRESSURE: 30.06

RPM CBT CBHP FUEL AIR A/F BSFC CAT

5500 374 392 311 89 128 80 55
4870 258 239 276 647 108 117 &0 5750 400 438 329 929 130 75 55
5750 399 437 300 928 142 69 58 6000 407 465 346 965 128 75 56
6000 404 462 350 962 126 76 58 6250 429 511 408 1023 115 8 5
6250 426 507 413 1025 114 82 57 6500 438 542 432 1047 111 80 56
6500 435 538 432 1049 112 81 57 6750 442 568 441 1066 111 78 55
6750 434 558 457 1057 106 82 57 7000 435 580 426 1072 16 74 55
7000 430 573 503 1060 97 88 57 7250 427 589 407 1064 120 69 56
7250 415 573 503 1054 96 .88 58 7500 406 580 408 1059 119 71 56
;9% gg-g ggg 'jgg }gg? }?-g -% g; 7750 376 555 387 1056 125 .70 57
2000 317 A 28 i0ds 121 B = 8000 335 510 381 1055 127 75 57
8250 263 413 371 1024 127 91 59 8250 279 438 391 1039 122 %0 57
70hp
60hp BASELINE 3 SIZE LEANER
50hp
40hp

Make & Model.... ...1990 ARCTIC CAT PROWLER
30hp 4401C

Liquid

Displacemen 436

Bore & Strok 68x60

Carburetion VM34/2/MIKUNI
20hp ....Single with canister
10hp | | |
3000rpm 4000rpm 5000rpm 6000rpm 7000rpm 8000rpm 9000rpm
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"ON THE BOTTLE"
"SHOOTING JUICE"
"ON THE BUTTON"

"ON SPRAY"

"ON THE LAUGH"
(a Canadian favorite)

There are probably many other nicknames for this
magjor performance enhancer, or "equalizer” that
has been gaining popularity with lake racers and
dragracers.

To demonstrate the horsepower producing capa-
bilities of N20O injection, we used a stock 1990
Mach 1 that had a NOS brand kit installed by Den-
nis Johnson. Denny owns Kuyahoora, a Ski-Doo
dealership in Poland, N.Y. (315-826-3312). They are
also warehouse distributors for NOS brand kits.

The typical Nitrous Oxide injection kit consists of a
small aluminum high pressure cylinder (usually with
a capacity of from 1 1o 5 Ib.), an auxiliary electric
fuel pump, a pair of 12VDC solenoids to control
the N20 and extra fuel, and individual nozzes for
each of the engine’s cylinders. A normally open,
momentary switch is used to energize the system.
The typical snowmobile electrical system operates
on 12VAC, so a 12V battery is usually necessary to
operate the electric components.

On our test sled, instead of a 12V battery, Denny
installed a full wave bridge rectifier to extract the
DC voltage necessary to operate the system.

Nitrous Oxide, or N20O, is a compressed gas com-
monly used by the medical profession as an anes-
thetic. It is stored as a liquid in high pressure cyilin-
ders at @800 psi, at room temperature. Containing
33% oxygen (as opposed to 20% for normal air),
N20O. when released to atmospheric pressure, va-
porizes from a liquid to a gas at a very dense -100
degrees F.

N20 by itself does not bum; it only supports com-
bustion. When N20 is injected into an engine, ad-
ditional fuel must be simultaneously injected--this is
how the extra horsepower is developed.

One very nice feature of the NOS brand kits is their
use of *fogger nozzles® which combine the N20O
and fuel info one nozzle. Fogger nozles feature
easily changeable orifices, or "pills” to alter the
amounts and ratios of N2O and fuel.

Tuning Nitrous Oxide systems on our dyno is espe-

cially enjoyable; seidom are we rewarded with
such dramatic power gains with so little effort. We
test N2O only with ultra high octane fuel. A slight
miscalculation in N2O/fuel ratios, especially in
large volumes, can easily detonate the engine.
The use of 110+ octane fuel and rapid accelera-
tion tests allows us to experiment with large nozle
sizes with relative safety.

With the Mach 1 set up and running on the dyno
(we tested the engine in the chassls), it became
apparent that the engine was in less than perfect
condition. After warmup. our initial baseline tests
showed that the engine was developing only 90
CBHP--far from the stock 1990 Mach 1's typical 100
CBHP. Checking the engine with a leak-down
tester revealed a 20% loss of ring-seal on one
cylinder. Had this been anything other than an
N20O “exercise in excess", the engine would have
been unuseable in this condition. As evidenced in
the accompanying data, the poor rin% seal was
more than amply made up for by the NOS kit

While examining this data, please keep in mind
several critical factors.

1. There is no truly pump gas safe BSFC when N20
is used.

2. N20 cylinder temperature is extremely critical.
Our nozzle sizes were correct only for the temper-
ature of the cylinder in our dyno room. Cylinder
pressure, and subsequent flow rates through a giv-
en orifice, vary dramatically with temperature. If
you use our nozzle sizes, and the cylinder temper-
ature increases to 100 degrees F, your engine will
not survive! A remote cylinder pressure gauge is
highly recommended. ,

3. There’s nothing wrong with a moderate load of
N20O (20-30 CBHP), but remember that when en-
gine componentis are continually stressed beyond
their design limits, those little metal molecules will
eventually get tired of holding hands.

STOCK ENGINE BASELINE

Data for 29.92 inches Hg. 60 F dry air.
TEST: 200 RPM/Sec Accel.

FUEL SPECIFIC GRAVITY: .711

VAPOR PRESSURE: .15

BAROMETRIC PRESSURE: 29.89

RPM  CBT CBHP FUEL BSFC CAT

6500 524 649 38.7 .58 24
6750 59.7 767 6§12 .65 25

7000 635 846 595 .68 24
7250 629 86.8 596 .66 24
7500 630 900 656 .70 24
7750 598 88.2 686 75 23
8000 409 623 625 97 23 P
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N20 .022 GAS .025"

Data for 29.92 inches Hg. 60 F dry air.
TEST: 300 RPM/Sec Accel.

FUEL SPECIFIC GRAVITY: .711

VAPOR PRESSURE: .16

BAROMETRIC PRESSURE: 29.88

RPM  CBT CBHP FUEL BSFC CAT

6500 879 1088 778 .69
6750 871 1119 683 59
7000 874 1165 730 61
7260 879 1213 823 &
7500 877 1252 840 65
7750 860 1269 833 463
8000 820 1249 768 59
8250 566 889 767 83

N20 .025 GAS .028"

Data for 29.92 inches Hg. 60 F dry air.

TEST: 300 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .71)
VAPOR PRESSURE: .15
BAROMETRIC PRESSURE: 29.89

RPM CBT CBHP FUEL BSFC

6750 909 1168 826 .70
7000 916 1220 876 7
7250 920 1270 93 .70
7500 915 1307 940 .71
7780 905 1335 936 .69
8000 884 1279 889 .69
8250 814 1279 889 .69

N20 .028 GAS .034"

Data for 29.92 inches Hg. 60 F dry air.

TEST: 300 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .711
VAPOR PRESSURE: .16
BAROMETRIC PRESSURE: 29.89

RPM CBT CBHP FUEL BSFC

6750 962 1236 781 .62
7000 966 1288 894 .69
7250 953 1316 956 .72
7500 934 1334 963 7}
7750 920 1358 1026 .75
8000 900 1371 980 .71
8250 774 1216 1043 85

N20 .030 GAS .034°

Data for 29.92 inches Hg. 60 F dry air.

TEST: 300 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .711
VAPOR PRESSURE: .16
BAROMETRIC PRESSURE: 29.88

RPM CBT CBHP FUEL BSFC

6750 978 1257 789 .62
7000 971 1204 917 .70
7250 957 1321 933 .70
7500 948 1354 90 .70
7750 929 1371 1017 73
8000 913 1391 968 .69
8250 834 1310 1075 .81

24
24
23
23
23
23
24
24

O
>
=

SGRR&ERRR

CAT
39

39
39

41

N20 .032 GAS .034°

Data for 29.92 inches Hg. 60 F dry air.

TEST: 300 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .711
VAPOR PRESSURE: .15
BAROMETRIC PRESSURE: 29.88

RPM  CBT CBHP FUEL BSFC

6750 1003 1289 830 &4
7000 99.8 1330 904 .67
7250 99.2 1369 930 .67
7500 986 1408 995 .70
77560 97.0 1431 1004 49
8000 938 1429 977 .68
8250 87.1 1368 984 71

N20 .034 GAS .036"

Data for 29.92 inches Hg. 60 F ary air.

TEST: 300 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: 711
VAPOR PRESSURE: .15
BAROMETRIC PRESSURE: 29.88

RPM  CBT CBHP FUEL BSFC

6750 1045 1343 741 54
7000 1041 1387 871 62
7250 1039 1434 942 65
7500 1045 1492 981 65
7750 1046 1544 1010 65
8000 101.1 1540 996 64
8250 668 1049 1072 1.0

N20 .036 GAS .038"

Data for 29.92 inches Hg. 60 F dry air.

TEST: 300 RPM/Sec Accael.
FUEL SPECIFIC GRAVITY: .711
VAPOR PRESSURE: .15
BAROMETRIC PRESSURE: 29.87

RPM CBT CBHP FUEL BSFC

6750 1084 1393 795 56
7000 1076 1434 898 62
7250 109.2 1507 965 63
7500 109.2 1559 1033 .65
7750 108.1 1595 1024 63
8000 106.1 1616 1017 62
8250 919 1444 1089 74

N20 .040 GAS .042"

Data for 29.92 inches Hg. 60 F dry air.

TEST: 300 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .711
VAPOR PRESSURE: .15
BAROMETRIC PRESSURE: 29.87

RPM  CBT CBHP FUEL BSFC

6750 107.7 1384 822 58
7000 1103 1470 918 61
7250 110.1 1520 970 .63
7800 1117 1595 1027 .63
7750 1103 1628 1065 .64
8000 100.6 1669 1046 .61
8250 1042 1637 1070 44

0
>

T

SRRRESS

CAT

4]
4]
42
42

43
42

CAT

42
4]
4]
4]
4]

41

CAT

35
35
35
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CONTINUED FROM PAGE 7 |

N20 .042 GAS .042"
Data for 290.92 inches Hg. 60 F dry air.

TEST: 300 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .711
VAPOR PRESSURE: .15
BAROMETRIC PRESSURE: 29.87

RPM  CBT CBHP  FUEL BSFC CAT

6750 1077 1384 822 58 34
7000 1103 1470 918 61 34
7250 110.1 1520 970 63 34
7500 1117 1595 1027 63 35
7750 1103 1628 1065 .64 35
8000 1096 1669 1046 61 35
8250 1042 1637 1070 64 34

I have had several years of dyno and field experience with a
N20O injected trail sled (a 100 CBHP Kawasaki Invader in the
late 70°s, when 100 CBHP was a lot). The following pros and
cons are offered.

CON: High octane gasoline should be used with all but the
meekest loads

PRO: Extremely good cost/ horsepower ratio.

CON: A different clutch setup Is necessdry for comect opera-
tion when N20O is utilized.

PRO: Sled retains basically stock trail performance and resale
value.

CON: A N20 injected sled feels slow when not *on the button®.
PRO: Easy kit installation and tuning.

CON: Additional performance is temporary, limited by the the
size of the N2O cylinder. A two Ib. cylinder (refit cost @$8.00)

might give you thirty seconds of enjoyment with a thirty HP
load.

PRO: N20 adds horsepower everywhere in the powerband.

CON: N20 high pressure cylinders can be deadly bombs if not
properly cared for. Deep scratches or nicks, and excessive
heat must be avoided. Every year. people are maimed or
kiled while transfiling cylinders that have been rendered un-
safe by stress risers created by deep nicks or scratches, corro-
sion, or loss of heat treat in the metal. Aluminum can lose its
heat freat with as little as 500 degree temperature. | shudder
when | hear of people using 3000 degree torches to raise the
pressure of cold N20O cyiinders.

PRO: N20O high pressure cylinders are extremely safe when
properly mounted and maintained, and hydrostatically tested
every five years. 4

STOCK N20 .022 N20 .025 N20 .028 N20 .030

N20 .032 N20 .034 N20 .036 N20 .040 N20 .042
180hp
160hp
140hp
120hp
100hp
80hp

. ”~ \
' \
» g N\
60hp 3
6000rpm 6500rpm 7000rpm 7500rpm 8000rpm 8500rpm
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PRESENT DURING TEST:
JIM CZEKALA, LARRY AUDETTE,

BREC NORTON & JERRY BASSET

Larry Audette of the Crank Shop in Essex Junction,
Vemont (802-878-3615) brought us an Flll spec
(standard bore and stroke) engine upon which
to compare the currently available aftermarket
twin pipes. This is basically a ful mod engine, de-
signed for racing on high octane fuel.

The rotary valve timing was set at 140-85, the ex-
haust ports were 60mm wide and raised two mm
from stock, and the transfer ports were raised one
mm. The uncorrected compression ratio was 16-1,
and ignition fiming was set at .085.

We used the same aftermarket twin pipes that
we tested earlier on our stock Mach 1 engines, as
well as a set of unsienced SkiDoo Factory Race
pipes.

The Crank Shop manufactures custom slides de-
signed to accommodate overboring 44mm
Mikuni carbs fo 48mm. Larry’s 48mm carbs were
used, and the jet sizes shown gave the highest
horsepower and lowest BSFC that we could ob-
tain with each particular pipe set. NOTE: this
should be considered a drag spec for our Carb
Air Temp. Also, keep in mind that the Mikuni
Pocket Tuner does not comelate well with the
48mm carbs. They need fo be calibrated by the
use of an inshumented dynamometer, or by
reading pistons and plugs in the field.

To show the actual power advantage of the larg-
er carbs, we included the best dyno tfest results
we were able to achieve with standard 46mm
Mikuni carbs when used with the SkiDoo factory
Flll pipes. e '

Flil PIPES 46mm CARBS 440-400mj

Data for 29.92 inches Hg. 60 F dry air.

TEST: 200 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .700

VAPOR PRESSURE: .30
BAROMETRIC PRESSURE: 30.08

RPM

CBT

CBHP

CREBIFB=R
NNO W oo —

&
'S

REZBHERESS

Flll PIPES 48mm CARBS 900-800m.

Data for 29.92 inches Hg. 60 F dry air.

TEST: 200 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .700

VAPOR PRESSURE: .30
BAROMETRIC PRESSURE: 30.07

RPM CBT CBHP FUEL BSFC
7250 484 668 404 6]
7500 508 725 452 63
7750 570 841 529 64
8000 575 876 552 44
8250 5897 938 663 .71
800 656 1062 &5 &3
8750 720 120. 625 52
9000 760 1302 650 .50
9250 769 1354 683 51
9500 763 1380 721 53
9750 697 1294 758 59
FAST PIPES 48mm CARBS 540-480mj.

Data for 29.92 inches Hg. 60 F dry air.
TEST: 200 RPM/Sec Accel.
FUEL SPECIFIC GRAVTTY: .700

VAPOR PRESSURE: .30
BAROMETRIC PRESSURE: 30.08

RPM

7000
7250
7800
770
8000
8250
8500

CBr

NINGSEE
nODNwON

gRGRBGHG

B
A

CAT

CAT

GRIZLGEEGRER
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DECKER PIPES 48mm CARBS 480-440mj.

Data for 29.92 inches Hg. 60 F dry air.

TEST: 200 RPM/Sec Accel.
FUEL SPECIFIC GRAVITY: .700
VAPOR PRESSURE: .30
BAROMETRIC PRESSURE: 30.08

PRECISION PRODUCTS PIPES 48mm CARBS 800-740 my,.
Data for 29.92 inches Hg. 60 F dry air.
TEST: 200 RPM/Sec Accel.

FUEL SPECIFIC GRAVITY: .700

VAPOR PRESSURE: .30
BAROMETRIC PRESSURE: 30.08

RPM CBT CBHP FUEL BSFC CAT RPM CBT CBHP FUEL BSFC CAT

6250 618 735 518 71 66 ‘;% 458-3 2‘7’2 gg -22 g;

6500 638 790 527 67 67 725 531 733 45 & o

6750 683 878 535 61 65 750 571 815 585 71 a8

7000 704 938 581 62 &7 7% 517 81 %5 10 0

720 715 987 619 63 6 8000 636 %9 652 67 57

7750 780 1151 676 59 67 8500 742 1201 658 55 56

8000 740 m27 716 64 67 8750 779 1298 626 48 56

8250 609 957 &9 .73 66 9000 753 1290 669 52 57
9250 60 1162 705 61 57

160hp —— — . mmemae .

DECKER Flll 48 CARB Flll 46 CARB PRECISION  FAST
PRODUCTS

140hp

120hp

100hp

80hp

60hp Flll SPEC MACH | PIPE SHOOTOUT

40hp | l

7000rpm 7500rpm 8000rpm 8500rpm 9000rpm

9500rpm

10000rpm




NEW TECH LINE: 716-344-1312

As of January 1990, we discontinued our 800 num-
ber, and replaced it with a new Subscriber's Only
Tech Line. | will try to be available for tech consul-
tation most Fridays and some Thursdays. We
schedule private testing Monday trough Wednes-
day. and I'm unfortunately not available during
those sessions.

Debbie and Derek nomnally answer the phone,
and can assist in basic data clarification. Howev-
er, they aren’t involved in the actual dyno or field
testing--detailed technical questions need to be
addressed by me.

WHICH OIL 1S BEST?

One commonly asked question is whether we
have seen power differences when testing differ-
ent brands, types, and ratios of oils. Our oil testing
to date has been somewhat inconclusive. When
we correctly compensate for differences in actual
fuel flow caused by different premix ratios and
grades of oil, power differences are minimal.
Large doses of premixed oil are often accompa-
nied by slight horsepower gains, which can usually
be attributed to lower fuel flow caused by the
higher viscosity of the premix. The same horsepow-
er gain can be accomplished by installing smaller
jets.

The down side of using lots of oil is the reduction of
the precious octane of the gasoline. That's one of
the reasons why | prefer using small quantities of
synthetic oil in the pre-mix for our modified Polaris
engine. | use Amsoil 100-1 synthetic, usually mixed
at, maybe 70-1 (for psychological reasons). I'm
sure there are other good synthetics out there, but
I've never tried them.

I've dlso heard (but never verified) that there are
two different base stock injection oils that coagu-
late when mixed. | believe that your best bet is to
stick with your sled manufacturer’s particular injec-
tion oil.

WHICH SPARK PLUGS ARE BEST?

Our dyno testing to date has not revealed any
horsepower differences between different brands
of plugs. as long as the heat range is correct.
There is one exception. We tried a set of surface
gap style plugs (like we used to run in Merc out-
boards) in the Merc 400 ST tested in Vol.1 #1 last
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year, and lost about two horsepower compared
to the BYES plugs we had been using.

KING TORQUE

Lamy Audette of the Crank Shop reminded me
that one of his twin rotary valve Mach 1 870cc
triples made over 116 comrrected foot-pounds of
torque on our dyno last year, on gasoline. | had
mistakenly told Denny Johnson that his N20O inject-
ed Mach 1°'s 114.5 corrected foot-pounds was the
highest torque of any single snowmobile engine
we had tested to date--he subsequently used that
statement in a few ads that he placed in Snow
Week. '

To set the record straight, that monster Crank
Shop Mach 1 1/2 is our current "King of Torque’'.
Denny probably wouldn’t be thrilled with the title
"Queen of Torque®, so how about “First Runner-Up
King of Torque"?

NEW DYNOTECH PROJECT SLED

EFl 854 CC EXCITER

At press time, we had just completed our newest
project sled. We sent a new electric start Yamaha
Exciter to nearby Bender Racing, where it was
magically tran$formed into a three cylinder
‘Avalanche’ (1 and 1/2 Exciter engines welded to-
gether) low compression trail sled. We opted for
the Terminator porting and pipes. which would
easily give us 160+ CBHP at 8500 RPM on pump
gas.

Al the same time, Injection Research Specialists,
Inc. (719-574-1473), of Colorado Springs, CO.. has
for the first time gone public with their aftermarket
Electronic Fuel Injection (see Kevin Cameron’s
TDC Vol.1 #5). They have spent four years and
several million dollars "perfecting” a bolt-on, totally
programmable EFl unit for snowmobile engines.
Their extensive research and development in-
cludes thousands of hours of dyno testing and
thousands of miles of field testing, from sea level to
13,000 ft.

Totally confident that their EFl system was ready
for public scrutiny, IRS agreed to use our
DynoTech project sled as their first public offering.
After having applied their EFl to many production
engines (including most of the top performance
1990 and 1991 Yamaha, Polaris, and Arctic Cat
engines), our Bender Avalanche three cylinder Ex-
citer was their first adventure into an ultra high
performance application. nmp
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OUR BENDER AVALANCHE 854 BEING MAPPED ON THE
IRS DYNO IN COLORADO

In late December, | traveled to IRS in Colorado
Springs to have their EFl installed on my 854 Ex-
citer engine and mapped on their dyno. IRS uses
a Schenk eddycurrent dynamometer in conjunc-
tion with the latest SuperfFlow data gathering
computer systems. All of their fuel mapping is
done in a non-transitional, steady state.

After our 854 Exciter engine was set up on the IRS
dyno, the EFl unit was installed. For this applica-
tion, 48mm throttle bodies were fitted.

"Mapping" the fuel flow of the IRS EFl for a particu-
lar engine/port/pipe combo involves a simple
multi-step procedure. There are 16 different throt-
tle positions on the X axis, and 16 different RPM
levels on the Y axis, for a total of 256 data points
which must be determined by the dyno operator.
The areas between the data points are interpolat-
ed by the IRS on-board computer.

This basic *Map" is measured by the computer in
relationship to the particular air density present
during the operation of the engine. The computer
thereafter takes into consideration Barometric
Pressure and Carburetor Air Temperature when
detemining and aliocating the proper amount of
fuel flow.

The basic mapping procedure is as follows: the
throttle is held at a particular position while the en-
gine is held by the dyno steady-state at a certain
RPM level. The actual fuel flow is determined by

the position of an IRS "steam wheel",
which is a rheostat knob mounted on
the dyno console. By slowly rotating the
steam wheel from rich to lean, the best
possible safe fuel flow is determined
and entered manually into the comput-
er.

This is a faily long and tedious proce-
dure (typically three hours on the dyno,
while the engine runs at steady-state),
but when it’s done, it's done.

After completing the IRS map on our
854 Exciter engine at 5000 ft. altitude, 75
degree F. CAT, the IRS Schenk dyno
registered an observed horsepower of
127 (160+ CBHP), 80 LB/HR fuel flow,
@.62 BSFC. That looked great and safe
to me, but what about when we got
back to our near sea-level C&H Dyno
Service test facility, where we nommally enjoy 30
inches of mercury barometric pressure? Col-
orado Springs is at 5000 ft attitude and is thereby
cursed with a mere 24 inches of mercury baro-
metric pressure. Could the "black box" possibly re-
alize that we were back in "good air'?

With a certain amount of disguised trepidation
(and actual relief, | crated up our three cylinder
Exciter engine and new EFI unit for shipment back
to Western New York.

That same day. Bender Racing personnel installed
the 854 Avalanche engine and IRS EF! unit in our
chassis, and it was ready for our sea level Dyno
analysis.

Back on the C&H Dyno, the air temperature was
in the mid thirties. The barometer read 29.80 in.
hg.. The EFl was flawless on warmup; automatic
fuel enrichment gradually dropped out at 75 de-
gree F. water temperature.

After a thorough heat soak, we accelerated the
engine to an observed 169 horsepower (160+ CB-
HP), 109 LB/HR fuel flow, at a safe .64 BSFC! That
tiny little "black box" somehow knew that we had
spirited it down to sea level, and had made all of
the correct adjustments!

The following day, the barometer had risen to
30.30 in.hg., due to a changing weather front,
and the fuel flow automatically increased to 111
LB/HR, just like magic. -y
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We are very excited about this potential revolution
in snowmobile engine technology. During the tail
end of the season, we’ll be pounding this engine
on pump gas, from sea level to 2000 ft, from -20
degrees F 10 +40. And my hands won't reek of
gasoline from changing jets.

FOR SALE 136 HP DYNOTECH PROJECT SLED
Yamaha Exciter, powered by a 136 CBHP Polaris
650 engine. Ported by Bender Racing. Swaintech
TBC pistons, 39.2 mikuni carbs w/Dial-a-Jets, cold
air induction, Polaris clutches, Polaris brake, Polaris
track w/carbide studs & Bender Stud-Mates, Polaris
tach, extra quiet PSI stage 2 pipes. Bender wide
front end, suspension, 112mph on radar. 500 trail
miles. $6500. Buyer must provide Dial-a-jet and
SwainTech TBC feedback.

MORE PIPE SHOOTOUTS

Very shortly we’ll be completing our stock and
modified Wildcat Pipe Shootouts. PSI has slightly
changed their pipe design for 1990, Starting Line
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Products has a new set that uses either the stock
canister or individual silencers, and Decker has
come out with a set of Wildcat twins.

For you V-Max dficionados (still a current model in
Canada), we'll soon be testing the stock and up-
date ported V-Max with whatever aftermarket
pipes are available. Also, we'll test the stock pipes
with a factory recommended cut out of the head-
er pipe and center section for mod engines.

Also, we’ve got a selection of single pipes for the
Arctic Cat Cougar. That will also be coming up
shortly.

MODIFIED PHAZER UPDATE (THIS ISSUE)

Consulting Editor Rod champagne has developed
a more radical port configuration for the Phazer
(including raised exhaust and fransfer ports), to
see if we can generate more top end power.
We'll be testing those cylinders Iater this year, and
will publish the results.

Each time a fast moving piston stops and reverses
at TDC or BDC, it tends to drag the whole engine
with it. This is because the energy of the moving
piston cannot be destroyed: it is simply exchanged
between the pars--from piston to crankcase.
These piston reversal impulses--delivered at the
rate of two per crank revolution--are what is called
primary reciprocating imbalance.

Primary imbalance takes place along the cylinder
centerline and, as such, cannot be counterbal-
anced by a counterweight moving in a circle--as
on the crankshaft.

A crank mounted counterweight produces a rotat-
ing force that causes the entire engine to orbit
around some point in space. As you can see, the
piston makes the engine jump up and down along
its cylinder centerline, while a crank counterweight
makes it orbit around a point in space; these two

kinds of imbalance cannot be added to produce
zero motion. Therefore the primary imbalance of a
single-cylinder engine cannot be balanced by
putting counterweights on the crankshaft.

Now we need to define rotating imbalance,
which is anything that adds weight to one side of
a rotating part without putting an equal weight,
at an equal distance from center, on the other
side. Fotunately, rotating imbalance can be bal-
anced out perfectly--just as a teeter-totter is bal-
anced. In an engine, rotating imbalance is made
up of the crankpin, the weight of the con-rod’s
big end. and the big-end bearing. In any engine,
it is customary to balance 100% of the rotating im-
balance, so there is zero vibration from this source.

Assume we have balanced 100% of the rotating
imbalance. but we still have primary, reciprocat-
ing imbalance to deal with. This consists of the

I
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weight of the piston, its ringpack. the wristpin and
its clips, wristpin bearing, and the small end weight
of the connecting rod--all jerking the engine up
and down @s it starts and stops thousands of times
a minute. Let us arbitrarily call this amount of pri-
mary imbalance one hundred imbalance units.

Now let us add to the side of the crank 180 de-
grees from the crankpin a counterweight whose
weight is 10% of the primary reciprocating imbal-
ance. When we run the engine, we find to our de-
light that now the engine only jumps up and
down with 90 units of imbalance. The debit side of
this operation is that now the engine is jumping
forwards and backwards, at 90 degrees to the
cylinder centerline, at ten units of imbalance. If we
increase our counterweight to 20% of the recip im-
balance, we find the engine jumps up and down
at 80 units of imbalance, which is progress, but
now it's jumping forwards and back at 20 units.

What is happening here? We are shifting imbal-
ance out of the vertical, and into the horizontal di-
rection. Indeed, if we balance at 100% of recipro-
cating weight, the engine stops jumping up and
down altogether, but now jumps forward and
back at 100 units of imbalance. Why? The reason
is that a rotating imbalance can be viewed as the
sum of two reciprocating imbalances at right an-
gles to each other. By deliberately creating a ro-
tating imbalance equal to 100% of the reciprocat-
ing imbalance, its vertical component exactly
cancels the the piston’s reciprocating imbalance
(because we put the counterweight at 180 de-
grees to the crankpin). However, nothing is can-
celing the horizontal component of our:100% ro-
tating imbalance, so the engine jumps forward
and back at 100 units of imbalance.

As you can see, the best deal we can get out of
this situation is to balance at about 50% Of recipro-
cating weight, for this cuts the vertical jumping in
half, while creating an equal forward-and-back vi-
bration. Doing this reduces the reciprocating
loads on the crankshaft main bearings by half, so
it is mechanically desirable as well. This is as close
to "balanced" as a single-cylinder engine can get,
using only crank-mounted counterweights.

Sometimes there are good reasons for not balanc-
ing an engine at 50% of recip weight, however.
On a motorcycle, for instance. the rider will feel
up-and-down vibration much more acutely than
he will feel forwards-and-back vibration. Therefore

single-cylinder and 360-degree twin motorcycle
engines are balanced at very high percentages--
typically 75-80%. This shifts the vibration from verti-
cal (annoying) to horizontal (not so noticeable).

Lets go over the balancing procedure again; the
rotating imbalance--crankpin, rod big-end, and
big end bearing--is first balanced at 100%, mean-
ing that a counterweight of that total amount is
added to the crank at 180 degrees to the
crankpin. Next, the reciprocating weight is added
up--that of the con-rod small end, piston, wristpin,
and ring pack--and a percentage of this total
weight is then added as a crank counterweight,
also located at 180 degrees from the crankpin. In
most cases, the best percentage to use is 50 %, as
this cuts main bearing loads in half, but as noted
above, there may be reasons for balancing at
other percentages.

STRUCTURAL RESONANCE

The structure on which the engine is mounted is al-
ways flexible to some degree. and so can act as a
spring. The system consisting of the vibrating mass
of the engine. coupled to this "spring”, has certain
vibratory natural frequencies, at which the en-
gine/chassis motion will greatly increase-just as a
pendulum swings furthest when you tap it in step
with its natural swing frequency. Because of this
resonance phenomenon, at certain RPM your en-
gine and sled will have vibration peaks. These are
usually dealt with by use of energy-absorbing rub-
ber engine mounts, by changing the stiffness of
the chassis, or by re-balancing the engine to shift
its vibration out of the direction that is exciting the
chassis.

So far we have dedalt only with the problems of a
single-cylinder engine, or of a parailel twin whose
pistons go up and down together. Now we have
to consider the very common parallel twin with
crankpins at 180 degrees. On these engines, the
up-force from one piston is largely cancelled by
down-force from the other, but this doesn’t solve
much because the cylinder centerlines are offset
from each other. Therefore, instead of lying still in
the chassis, this type of engine tends to rock from
side to side. As the cylinder centerlines are moved
closer together, this rocking decreases and vice
versa. For balance reasons, the designer wants to
make the engine very narrow, but to accomo-
date generous transfer ports, he wants to make it
wider. Usually, the transfer ports win this battle,
and so twins have a vigorous ‘rocking couple”, as
this type of vibration is called. iy




k. N
B N
S

Sk 3

inmp Continue

When we balance a twin like this at 100% of rotat-
ing imbalance and 50% of reciprocating imbal-
ance, as we did in the best case for a single, we
find that instead of simply rocking from side to
side, the crankshaft now describes what | call
'kayak-paddie motion®, which means that the
center of the crank simply rotates, but its ends de-
scribe circles in space-like the blades of a double
bladed kayak paddle in use.

Again, like the single-cylinder case, this balancing
at 50% of recip weight is the best we can do. as-
suming the designer has put his cylinder center-
lines as close together as they can be. As with the
single, balancing at 50% cuts main bearing loads
in half, as compared with an engine balanced at
zero percent.

Next we come to the three-cylinder in-line config-
uration, with crankpins set at 120 degree intervals.
The textbooks tell us that these engines are self-
balancing with respect to primary imbaiance; as
much piston mass i$.being accelerated upward as
is being accelerated downward, and it all neatly
cancels. Yes, but the rocking couple remains,
and it is a particularly violent one because of the
great length the cranks of these engines usually
have. For this reason the designers employ all sorts
of clever techniques to make these engines nar-
rower--offsetting the cylinders, twisting them, and
so on--all to make the engine shorter, thereby re-
ducing the rocking motion.

When two three cylinder engines are joined end-
to-end in @ common crankcase, the rocking cou-
ples cancel, leaving us with an engine that is in-
deed inherently smooth, even without any crank
counterweighting. However, out of compassion
for those main bearings. all kinds of engines used
in heavy service will typically be balanced at
about 50%. as in the simple case of a single.

Often, however, manufacturers balance at very
low percentages of recip weight and just let their
engines pound and hammer more than they
need to. Why do they do it? Well, it's expensive to
drill big holes in the flywheels. Although piston-port
engines thrive on large crankcase volumes, some
designers don't like to balance by diiling holes
because of the volume this adds to the case. The
alternatives are to weld coverplates over the
drilled holes. fill them with some shaky mixture like
cork/epoxy, or to put the holes near 180 degrees
to the crankpin and fill them with heavier-than-
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steel material-either lead (which is bad in high
RPM engines because the soft material slowly
squishes out towards the OD of the flywheel) or
tungsten (which is expensive and hard to cut and
shape besides). Therefore a lot of engines are bal-
anced at 35% or less. and so shake a lot more
than they need to.

Should you ship off all your parts to the balancer
immediately, if not sooner? Consider carefully. In
order to balance the crank, the balancing shop
will ask that the crank be sent to them assembled,
but without rods, big-end bearings, or sidewashers
on the crankpins. This is so bob-weights of the cor-
rect mass can be attached to the pins and the
crank can be spun in the balancing machine. On-
ce the size and location of the changes to the
crank (holes, heavy filler, etc.) have been deter-
mined, the crank can be taken apart and re-
assembled with its rods and bearings. All this is a
lot of work. Every time a crank is pressed apart
and pulled together again, some of the strength in
its press-fits is lost. In effect, you are paying for two
crank rebuilds plus the balancing, to get a
smoother running crank that has less grip in its
press joints. It may be worthwhile if you have a ter-
rible balance problem--tearing out of the chassis.
putting the riders bum to sleep at 6200 RPM--or it
may be better just to suffer in silence.

There is another type of vibration to consider--
torsional vibration. When the engine fires, combus-
tion energy pushes on the piston, which acceler-
ates the crankshaft suddenly. As the piston comes
around on exhaust, transfer and compression, it
has nothing to push it but the energy stored in its
crank, so the crank slows back down. Then at the
next fiing, the crank recieves another powerful
twisting force to speed it up again. Thus, instanta-
neous crank RPM varies constantly. Normally
something in the drive system absorbs this--
slippage or elasticity in the drive betlt, for instance.

However, there can be trouble when there are
other large masses attached to the crank, such as
one of the new, external-magnet ignition rotors.
Now we have the massive crank with its solid steel
flywheels, connected by a shaft to a similarly mas-
sive ignition/generator rotor. In effect, we have
two masses joined by a torsion spring--the steel
shaft. The danger is that, at some RPM, the fre-
guency of the fiing impulses will come into step
with the natural frequency of these two masses
connected by this torsion spring. On older engines,
the shafts often broke as a result of rapid accumu-
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lation of fatigue cycles in the shaft. Modem de-
signs usually have short, massive shafts, so this
moves the point of vuinerability to the taper joint
between the rotor and the shaft. Unless the rotor is
very firmly seated on the shaft, and fits it extremely
well, torsional impulses can cause a slight back-
and-forth slippage in the joint. The evidence you
may see is in the form of rust-colored powder (the
color is no accident--it is rust--iron oxide) or discol-
oration on the shaft. This kind of symptom, called
fretting. can lead to surface defects large enough
to enlarge over time into cracks.

When the rotors are installed at the factory, they
are put together clean and dry, then torqued up
to a spec that has been found to work. When you
pull the rotor and then reinstall it, the cleanliness
and torque may be absent. As insurance, | like to
lap rotor and shaft together with fine abrasive (600
carbo, for example), then clean thoroughly and
assemble. In some cases, people report that Loc-
tite on the taper helps as well.

Another area in which balance affects engine
performance is in carburetion. | have watched
through transparent floatbowls installed on three-
cylinder engine carbs; as engine revs are brought
up. the carbs (especially the outer ones) begin to
waggle from side-to-side, and the centrifugal
force from this causes the fuel to climb the rear
walls of the bowls—-exactly as though the sled
were strongly accelerating forward. In some cas-
es, the fuel moves enough to uncover the mainjet,
fuel delivery drops, and the engine may be in big
trouble. On a ftriple, stagger jetting must often be
resorted to as a way to compensate for vibration,
which affects each of the carbs differently. Usual-
ly. the center carb has no problem, while the out-
er pair require typically 1-3 sizes bigger, if there is a
vibration problem.

What can be done about this? First, many sled
carb mounts are far too stiff to begin with. There
are thinner ones available that change the natu-
ral frequency at which the carb vibrates, and they
can be tried first. Another idea which has worked
for me is to change the mass of the carbs by
wrapping tape-a-weight or some similar lead ma-
terial around the intake bell. This will reduce the
frequency of carb/manifold resonance, possibly
putting it below your engine’s working range. The
engine itself may be moving in its mounts exces-
sively, amplifying the motion of the carbs. Another
workable solution is to make up a carb unity plate
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or bar. The plate joins the carbs from the bottom,
by fitting up over the floatbowls and being se-
cured with the bowls by extra-length screws. This is
a bandsaw and milling machine project. Some
carbs have a pair of bosses at the top of the cast-
ing. just below where the carb cap screws on. A
rod and spacer can be used to join the carbs
through these bosses, making them all vibrate as
one.

As well as being out of balance, pressed-together
crankshafts can also be ‘out-of-truth’, so that not
all bearings are in a straight line. This is especially
bad if (1) the out-of-round results in the heavy
crank-mounted clutch pulley whipping violently,
or (2) you have an old crank-mounted points igni-
tion, whose timing can shift all over the map if that
end of the crank is out of round. A factory-fresh
crank is frued to less than .001 inch of runout, but a
used unit may be out .002-.004 inches at the shaft
ends without being much of a problem. My fa-
vorite was an old Yamaha 650 sled twin whose
clutch was wobbling a quarter inch! it's no surprise
if clutch life is short under those conditions, and.
even if the crank is true, extravagant engine vibra-
tion can quickly age clutch components.

There are fancier solutions to engine imbalance.
Two counter-rotating shafts, each carrying a
counterweight, can be made to produce a recip-
rocating imbalance. This is because the forwards-
and-back components of the two vibrating shafts
cancel, leaving only the up-and-down compo-
nent. Such an arangement of counter-rotating
balancer shafts is often used to smooth out auto
engines, but it involves extra weight that would be
out of place on a sled.
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