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1. 

SNOWMOBILE PLANETARY DRIVE 
SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of U.S. patent application 
Ser. No. 09/966,926 that was filed with the United States 
Patent and Trademark Office on Sep. 27, 2001, now U.S. Pat. 
No. 6,742,618, that is a continuation in part of U.S. patent 
application Ser. No. 09/843,587 that was filed with the 
United States Patent and Trademark Office on Apr. 26, 2001 
that is a continuation in part of U.S. patent application Ser. 
No. 09/520,101 that was filed with the United States Patent 
and Trademark Office on Mar. 7, 2000, now abandoned. The 
entire disclosures of U.S. patent application Ser. Nos. 
09/843,587, 09/520,101 and 09/966,926 are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to snowmobiles and more 
particularly to drive systems for snowmobiles. More par 
ticularly, the present invention relates to snowmobiles 
including various embodiments of drive systems utilizing 
planetary gears. 

BACKGROUND OF THE INVENTION 

Snowmobiles have been known for many years. Early 
Snowmobiles were developed with an appearance that is 
very primitive compared to the Snowmobile of today. The 
snowmobile of modem times is a sophisticated vehicle with 
heated handle bars, twin head lights, high powered engines 
and many other improvements not found in the original 
Snowmobiles. 
One of the weak points in snowmobiles has been the drive 

system. Snowmobile drive systems have generally included 
a chain rpm reduction drive. The rpm of the engine must be 
reduced prior to applying the rotational drive to the differ 
ential sprockets driving the track. In the past the drive 
system has included a chain and sprocket system. The chain 
and sprocket system tends to wear and is subject to extreme 
abuse in the activities of normal snowmobile use. The rapid 
starts and stops, the very high rpm torque when the Snow 
mobile leaves the ground and leaps into the air results in 
extremely rapid changes of speed and load. 

It is also sometimes desired to include in the drive system 
a reverse unit for propelling the snowmobile in reverse 
direction under power of the engine. Reverse units of 
snowmobiles to date have achieved only low to moderate 
effectiveness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a snowmobile of the present invention; 
FIG. 2 shows a perspective view of the snowmobile 

engine and drive system of the present invention; 
FIG.3 shows a plan view of a chassis including an engine, 

clutch system and the planetary drive system of the present 
invention; 

FIG. 4 shows a sectional view of the planetary drive 
system of the present invention; 

FIG. 5 shows an exploded view of the planetary drive 
system of the present invention; 

FIG. 6 shows an alternative embodiment of the present 
snowmobile; 
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2 
FIG. 7 shows a plan view of a chassis of an alternative 

embodiment of the present invention including an engine 
and the reduced rpm clutch system; 

FIG. 8 shows a sectional view of the planetary gear 
reduction system of an alternative embodiment of the 
present invention; 

FIG. 9 shows an exploded perspective view of a prior art 
drive train; 

FIG. 10 shows an exploded perspective view of a portion 
of the prior art drive train; 

FIG. 11 shows an exploded perspective view of the parts 
of a prior art drive train that are eliminated by one embodi 
ment of the present invention; 

FIG. 12 is a perspective view of a engine and drive train 
according to an alternative embodiment of the present 
invention; 

FIG. 13 is a portion of an alternative embodiment of a 
portion of drive train of the present invention; 

FIG. 14 is an exploded view of a further alternative 
embodiment of a planetary gear system of the present 
invention; and 

FIG. 15 is a sectional view of the planetary gear system 
shown in FIGS. 12, 13 and 14. 

FIG. 16 is a sectional view of an alternative embodiment 
planetary gear system including a reverse unit shown in 
forward mode. 

FIG. 17 is a sectional view of an alternative embodiment 
planetary gear system including a reverse unit shown in 
reverse mode. 

FIG. 18 is a sectional view of an alternative embodiment 
offset in combination with a planetary gear system including 
a reverse unit. 

FIG. 19 is a sectional view of an alternative embodiment 
offset in combination with a planetary gear system. 

DETAILED DISCLOSURE 

FIGS. 1-8 are the original figures from the parent appli 
cation Ser. No. 09/520,101 that was filed with the United 
States Patent and Trademark Office on Mar. 7, 2000. Some 
changes have been made to FIGS. 1-8 for clarification 
purposes. FIGS. 9-15 are the figures added in the parent 
application Ser. No. 09/843,587 that was filed with the 
United States Patent and Trademark Office on Apr. 26, 2001. 
The snowmobile 10 of the present invention (FIG. 1-5) 

includes a pair of skis 12, which support the forward portion 
13 of the snowmobile 10. A continuous track 14 supports the 
rear portion 16 of the snowmobile 10. The snowmobile 10 
has an engine 17 which is disposed in the forward portion 
13. 
The engine 17 rotatably drives a train 18 which in turns 

drives the endless track 14. The drive train 18 includes an 
engine drive shaft 15, primary clutch 18a, a drive belt 18b, 
a secondary clutch 18c and a reduction drive 19. The 
reduction drive 19 may include a drive shaft 21 that is 
rotatably driven by the secondary clutch 18c. The drive shaft 
21 (FIGS. 4 & 5) carries a sun gear 22, which is integral with 
said shaft 21. Note that a “sun gear” is any gear that drives 
a plurality of planetary gears. Also note, that the “longitu 
dinal axis of a shaft is the axis along the length of Such 
shaft. The shaft 21 is rotatably supported in suitable bearings 
or bushings. Such bearings or bushings may be roller 
bearings. The embodiment shown in the figures depicts the 
use of single row ball bearings 23 and 24. 
The reduction drive 19 further includes a plurality of 

planetary gears 26, 27, 28, and 29. The reduction drive 19 is 
shown having four planetary gears 26–29, however, the 
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reduction drive may have any desired number of such gears, 
e.g., three. The planetary gears 26–29 are supported between 
a pair of planetary gear plates 31.32. The plates 31, 32 carry 
a plurality of shafts 36, 37, 38 and 39 which rotatably 
support the gears 26–29 respectively. The shafts 36–39 may 
be integrally secured to the plates 31, 32, which in turn serve 
to maintain said gears 26–29 in spaced relationship around 
the sun gear. Spacers 30 may retain plates 31, 32 in proper 
spaced relationship. The shafts 36–39 are secured in the 
openings 36a–39a, respectively. 
The reduction drive 19 includes a second shaft 43 which 

is integral with the plates 31, 32. In other words shaft 43 is 
locked by a key in the hub 31a. 
The reduction drive 19 has a housing 40 including first 

housing member 41 and a second housing member 42. A 
ring gear 44 is integrally mounted in the second housing 
member 41. The ring gear 44 engages the planetary gears 
26–29. The second shaft 43 is integral, e.g., in locked driving 
engagement, with the plates 31, 32 and is driven by plan 
etary gears 26–29. The second shaft 43 serves to drive the 
endless track 14 through sprocket 51. 
The Sun gear 22, planetary gears 26–29 and ring gear 44 

are contained in housing 40 including first housing member 
41 and second housing member 42. The housing members 
41 and 42 may be held together by suitable screws 45. 
The operation of the present invention is apparent from 

the description of the snowmobile 10, however in order to 
provide a more complete understanding of the 20 present 
invention the operation will be further described. The engine 
17 may be a conventional gasoline powered engine of the 
type generally found in Snowmobiles. However, the engine 
17 may be any other type of engine suitable for driving a 
snowmobile. The engine 17 rotatably drives the primary 
clutch 18a which in turn drives the belt 18b. The drive belt 
18b may drive the secondary clutch 18c which rotatably 
drives the shaft 21. The sun gear 22 is then driven by the 
shaft 21. The Sun gear 22 engages the planetary gears 26–29 
which are rotatably supported in the plates 31, 32. The force 
of the Sun gear 22 acting on the planetary gears 26–29 cause 
the gears 26–29 to rotate and move along the ring gear 44 
thereby rotating the plates 31, 32. The rotation of plates 31, 
32 rotatably drives the second shaft 43. The second shaft 43 
rotates at an rpm lower than the rotation of the first shaft 21 
resulting in a gear reduction. The second shaft 43 in turn 
drives a sprocket 51 acting on the endless track 14, thereby 
driving Such track. 

AN ALTERNATIVE EMBODIMENT OF THE 
PRESENT INVENTION 

A further embodiment of the present invention snowmo 
bile 110 (FIG. 6-8) includes a pair of skis 112 which support 
the forward portion 113 of the snowmobile 110. A continu 
ous track 114 supports the rear portion 116 of the snowmo 
bile 110. The snowmobile 110 has an engine 117 which is 
disposed in the forward portion 113. 
The engine 117 rotatably drives a power train 118 which 

in turns drives the endless track 114. The drive train 118 
includes a planetary reduction gear system 119, which in 
turn drives a primary clutch 121, a drive belt 122, and a 
secondary clutch 123. The planetary reduction drive system 
119 may be mounted on the drive shaft 124 of the engine 
117. The planetary reduction drive system 119 may be 
similar in structure to planetary reduction drive system 19 
shown in FIGS. 4 and 5. The planetary reduction drive 
system 119 is rotatably driven by the engine drive shaft 124. 
The engine drive shaft 124 (FIGS. 7 & 8) drives a drive shaft 
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4 
127 (also may be referred to as an input shaft) that carries a 
sun gear 126 that is integral with the engine drive shaft 124. 
The engine drive shaft 124 may be rotatably supported in 
Suitable bearings or bushings. Such bearings or bushings 
may be roller bearings. The embodiment shown in the 
figures depicts the use of single row ball bearing 125. 
The reduction drive system 119 further includes a plural 

ity of planetary gears 131. The planetary gears 131 are 
supported between a pair of planetary gear plates 136, 137. 
The plates 136, 137 carry a plurality of shafts 141 which 
rotatably support the gears 131 respectively. The shafts 141 
may be integrally secured to the plates 136, 137, which in 
turn serve to maintain said gears 131-134 in spaced rela 
tionship around the sun gear 126. A plurality of spacers 138 
may retain plates 136, 137 in proper spaced relationship 
such that the planetary gears 131 may freely rotate there 
between. The spacers 138 may be integral with respect to 
plates 136, 137. 
The reduction drive 119 includes a second shaft 145 

which is integral with respect to the plates 136, 137. Second 
shaft 145 is tapered to fit the primary clutch 121. Of course 
any shape second shaft that is capable of driving the primary 
clutch is within the scope of the present invention. 
The reduction drive 119 has a first housing member 151 

and a second housing member 152. A ring gear 154 is 
integrally mounted in the second housing member 152. The 
ring gear 154 engages the planetary gears 131. The second 
shaft 145 is integral, e.g., in locked driving engagement, 
with the plates 136, 137 and is driven by planetary gears 
131. The second shaft 145 serves to drive the primary clutch 
121. 
The sun gear 126, planetary gears 131 and ring gear 154 

are contained in housing 150 including first housing member 
151 and second housing member 152. The housing members 
151 and 152 may be held together by suitable screws (not 
shown). 
The operation of the present invention including the 

reduced rpm clutch is apparent from the description of the 
snowmobile 110. The engine 117 may be a conventional 
gasoline powered engine. The engine 117 has an engine 
drive shaft 124, which drives a sun gear 126, which in turn 
drives a plurality of planetary gears 131. The sun gear 126 
engages the planetary gears 131 which are rotatably Sup 
ported in the plates 136, 137. The force of the sun gear 126 
acting on the planetary gears 131 cause the gears 131 to 
rotate and move along the ring gear 154 thereby rotating the 
plates 136, 137. The rotation of plates 136, 137 rotatably 
drives the second shaft 145. The second shaft 145 rotates at 
an rpm lower than the rotation of the drive shaft 124 
resulting in a gear reduction. The second shaft 145 rotatably 
drives the primary clutch 121 which in turn drives the belt 
122. The drive belt 122 drives the secondary clutch 123. 
Clutch 123 rotatably drives the shaft 157 which carries 
sprocket drives 158 and 159. The sprockets 158, 159 drive 
the track 114. 

Turning now to FIGS. 9-11, a conventional prior art 
snowmobile drive system is shown. FIG. 9 is an exploded 
perspective view of the major components of a prior art 
drive system including the engine. FIG. 10 is an exploded 
perspective view of the portion of a prior art drive system 
from the secondary clutch to the track drive sprockets. FIG. 
11 is an exploded perspective view of the parts of the 
conventional prior art drive system of FIG. 10 that may be 
eliminated by one embodiment of the present invention. 
The major components of the prior art drive system 270 

shown in FIG. 9 are engine 272, primary clutch 274, engine 
drive shaft (not shown) connecting the engine 272 to the 
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primary clutch 274, drive belt 276 (shown in partial cutaway 
view), secondary clutch 278, driven shaft 280, dropcase 282, 
drive chain 284, top drive sprocket 286, bottom drive 
sprocket 288, dropcase cover 290, shaft 292 and track drive 
sprockets 294 and 296. 

FIG. 10 includes the major components from the second 
ary clutch 278 to the track drive sprockets 294 and 296 as 
well as additional components of the conventional prior art 
drive train system 270. 
The parts of a chain and sprocket rpm reduction drive of 

the prior art are Subject to wear and tear and tend to require 
high maintenance. Furthermore, the use of a chain and 
sprocket reduction drive requires that the drive system, 
including the engine drive shaft, have three parallel shafts. 
For each shaft there must be associated bearings and other 
Support parts associated therewith. The present invention 
advantageously eliminates one of the three shafts, in addi 
tion to the elimination of the chain and sprocket rpm 
reduction drive. 

Transmission of power through a rotating shaft results in 
shaft wind-up. Shaft wind-up is essentially a lag in the 
power transmission through the shaft. The amount of wind 
up is dependent on the shaft material as well as the shaft 
length. This lag in power transmission introduces inefficien 
cies and power loss into the drive train. Therefore, the 
elimination of the third shaft by use of a planetary reduction 
drive provides a further significant advantage of reducing 
total wind-up in the system. 

The elimination of the third shaft, along with elimination 
of many associated parts, results in a significant weight 
reduction in the drive train. FIG. 11 is an exploded perspec 
tive view of the parts of the conventional prior art drive 
system of FIG. 10 that may be eliminated by one embodi 
ment of the present invention, specifically the embodiment 
shown in FIG. 13. The reference numbers shown in FIG. 11 
are listed in the below table, with associated part numbers, 
quantity that can be eliminated by the FIG. 13 embodiment 
of the present invention, part description and weight in 
pounds. 

REF if in PART 
FIG. 11 NO. QTY DESCRIPTION WEIGHT 

2O1 O702-37S 1 DROPCASE W. STUDS 3.974 
2O2 8011-143 1 BOLT, CARRIAGE O.O38 
2O3 8040-426 10 NUT, LOCK O. 112 
204 8011-139 2 BOLT, CARRIAGE O. 110 
205 O123-523 4. BOLT, RIBBED O.O11 
206 O607-025 9 O-RING STUD O.O10 
207 0623-117 2 BOLT, RIBBED O.069 
208 8OSO-247 6 WASHER O.O12 
209 0623-317 3 STUD O.138 
210 1602-051 BEARING, 1 IN 320 
211 1670-237 2 SEAL, O-RING O.004 
212 0670-183 O-RING, OIL LEVEL O.OO1 

STICK 
213 1602-087 SPROCKET 39T 2.036 
214 1602-101 ADJUSTER, CHAIN O.O68 
215 O702-324 ARM, TIGHTENER-ASSY O496 
216 1602-041 CHAIN, 70P 1.63S 
217 8OSO-212 2 WASHER O.OO2 
218 0602-369 2 BUSHING, TIGHTENER O.004 

ARM 
219 O702-115 ARM, TIGHTENER 310 
220 0623-122 2 NUT, LOCK O.O21 
221 O702-129 ROLLER, TIGHTENER 398 

(INC. 22) 
222 0602-383 BEARING, CHAIN 215 

TIGHTENER 
223 O123-082 2 PIN, COTTER 
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-continued 

224 1602-052 1 BEARING, 7/8 IN O.332 
225 0602-198 2 PLATE, FLANGE O.136 
226 8041-426 NUT, LOCK O.O21 
227 0623-094 2 WASHER O.OO2 
228 0602-456 11 SPROCKET, 20T O4S2 
229 0602-437 1 SEAL, DROPCASE O.O21 
230 0602-989 1 COVER, DROPCASE 1985 

PART 
REF NO. QTY DESCRIPTION WEIGHT 

231 8002-134 6 SCREW, CAP O.186 
232 8053-242 6 WASHER, LOCK - O.OO6 

EXTERNAL TOOTH 
233 0623-293 2 PLUG, DROPCASE O.096 
234 0623-231 2 WASHER, SPRING O.O90 
235 0623-465 2 NUT, LOCK O.O82 
236 O702-130 ASSEMBLY O90 
237 0623-283 O.OO8 
238 O623-284 O.OO8 
239 8OSO-217 2 O.OO8 
240 O123-641 2 R, FIBER O.OO2 
241 1602-152 OILVENT O.O33 
242 O623-O81 4 SELF-TAPPING O.OO8 
243 8OSO-242 O.OO8 
244 8.042-426 O.O16 
245 O602-462 STICK, OIL LEVEL O.O15 
246 80O2-13S SCREW, CAP O.O38 
247 8051-242 WASHER, LOCK O.OO8 
248 8O11-137 BOLT, CARRIAGE O.O38 
249 O123-1SO NUT O.O16 
250 O616-964 GUARD, DROPCASE S2O 
251 O602-876 ADAPTER, MANUAL 102 

ADJUST 
252 8OSO-2S2 AR WASHER O.OO8 
253 0623-90S SEAL, MANUAL ADJUST O08 
2S4 8OSO-272 WASHER O.OO8 
255 O702-266 SHAFT, DRIVEN 5.589 
2S6 1602-099 BEARING, 1 IN (W LOCK O.399 

COLLAR) 
257 O6O2-892 PLATE, FLANGE O.136 
258 8002-130 2 SCREW, CAP O.044 

TOTAL 2O492 
LBS. 

While the above table is provided for purposes of dem 
onstrating the advantage of the current invention, it is 
important to keep in mind that the exact parts utilized in the 
present invention will vary within the scope of the invention 
and should not be limited by this table. Use in the present 
invention, of one or more of the parts listed in this table and 
shown in FIG. 11 does not bring a device outside the scope 
of the present invention. 

ANOTHER ALTERNATIVE EMBODIMENT OF 
THE PRESENT INVENTION 

A further embodiment of a drive train according to the 
principles of the present invention is shown in FIGS. 12–15. 
FIG. 12 is a perspective view of an engine 301 and a drive 
train 303 according to the principles of the present invention. 
The drive train 303 includes one embodiment of a continu 
ously variable transmission, specifically, a primary clutch 
305 that is driven by the engine drive shaft (not shown), a 
drive belt 307 and a secondary clutch 308 driven by the drive 
belt 307. The drive train 303 further includes a planetary 
gear system 300 including drive shaft 310, track shaft 302, 
sprockets 304 and 306 and secondary clutch 308 arranged 
along a center axis. 

FIG. 14 is an exploded view of one embodiment of a 
planetary gear system 300 arranged along a center axis. FIG. 
15 is a sectional view of the planetary gear system 300. 
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It is important to note that a planetary gear system 
according to the present invention may be any gear reduc 
tion system that utilizes a plurality of planetary gears, a Sun 
gear and a ring gear to realize an rpm reduction. A planetary 
gear system may utilize a stationary ring gear resulting in 
rotation of the cage holding the planetary gears. Alterna 
tively, it is also within the scope of the present invention that 
the planetary gear system utilize a stationary cage resulting 
in a rotating ring gear. 
A planetary gear system of the present invention including 

the embodiment shown in FIG. 14 may be utilized either on 
the same longitudinal axis of the engine drive shaft or the 
longitudinal axis of the secondary clutch. Each of these 
locations of a planetary gear system is disclosed above. The 
embodiment of a planetary gear system 300 shown in FIGS. 
12–15 may also be utilized in either of these locations. For 
sake of brevity, the placement of the planetary gear system 
300 is only shown and described in the position on the 
longitudinal axis of the track shaft. However, the invention 
certainly contemplates the positioning of the planetary gear 
system 300 on the longitudinal axis of the engine drive shaft 
as would be well understood by one of skill in the art when 
considered with the disclosure set forth above and through 
out this specification. 

Turning first to the planetary gear system 300 shown in 
FIGS. 14 and 15, the input shaft 310 (also referred to as a 
drive shaft or first shaft) is coupled to and is driven by the 
secondary clutch 308 shown in FIG. 10. An input shaft is any 
shaft capable of transmitting rotational energy along its 
length. An input shaft can come in many different configu 
rations. One embodiment of an input shaft is input shaft 310. 
The input shaft 310 is integrally part of the sun gear 312. 
However, the input shaft of this invention is not required to 
be integral with the sun gear. The input shaft 310 includes a 
larger diameter section 313 that sealingly fits within a roller 
bearing 341 in the first housing member 350. The seal 
between the input shaft 310 and the first housing member is 
provided by a grease seal 315. The input shaft 310 is 
rotatably Supported by one or more elements. One example 
of Such elements is a bearing or bushing. The embodiment 
shown in the figure shows the use of roller bearings, and 
more specifically, double row ball bearings 341 and 342. 
A planetary gear system may include a planetary cage 

assembly. A planetary cage assembly is a plurality of plan 
etary gears and a cage or other member that Supports the 
plurality of planetary gears. One embodiment of a planetary 
cage assembly is planetary cage assembly 314. Planetary 
cage assembly 314 includes a cage including a pair of 
planetary gear plates 316 and 318 held together by spacer's 
320a–d. The plates 316 and 318 carry a plurality of shafts 
322, 324 326 and 328 that rotatably support the planetary 
gears 330a–d, respectively. The shafts 322, 324, 326.and 
328 may be integrally secured to the plates 316 and 318, 
which in turn serve to maintain the planetary gears 330a-d 
in spaced relationship around the Sun gear 312. Spacer's 
320a-d may retain plates 316 and 318 in proper spaced 
relationship. 
The planetary cage assembly 314 includes a weight 

bearing protrusion 340 and a bearing or bushing positioned 
around the weight-bearing protrusion 340. One embodiment 
of the bearing is double row ball bearing 342. A weight 
bearing protrusion is a protrusion or other profile that is 
capable of structurally Supporting the weight of the Sun gear. 
The weight bearing protrusion 340, along with the double 
row ball bearing 342, are sized to fit within an opening 344 
(see FIG. 15) in the end of the integral member comprising 
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8 
the input shaft 310 and sun gear 312. The weight-bearing 
protrusion 340 therefore supports the weight of the sun gear 
312 and input shaft 310. 
A second shaft of a planetary gear system is any member 

coupled to one of the ring gear and planetary cage assembly 
wherein Such member is capable of acquiring at least a 
portion of the rotational energy of the one of the ring gear 
and planetary cage assembly that rotates. A second shaft may 
be integral with or connected to the planetary cage assembly 
or alternatively integral with or connected to the ring gear. 
One embodiment of a second shaft of a planetary gear 
system is second shaft 346. Second shaft 346 is connected 
to plates 316 and 318 such that rotation of the plates 316 and 
318 results in rotation of the second shaft 346. In the 
embodiment shown in FIG. 14, the second shaft 346 is a 
male-type splined member. It is certainly within the scope of 
this invention to have a second shaft having a female fitting 
or some other structure for connecting to whatever member 
the second shaft is driving. 

Planetary gear system 300 further includes a housing 349, 
including first housing member 350 and a second housing 
member 352. The housing members 350 and 352 may be 
held together by suitable screws (not shown). 

Double row ball bearing 360 provides bearing support of 
the planetary cage assembly 314 by the second housing 
member 352. 
A ring gear 354 is mounted in the second housing member 

352. The ring gear 354 engages the planetary gears 330a–d. 
As different size ring gears may be desired, the ring gear 354 
may be removed from the second housing member 352 and 
replaced with a ring gear having a different diameter or 
different size gear teeth. The sun gear, planetary gears and 
the ring gear may be cast of high carbon Steel. 
The Sun gear 312, planetary cage assembly 314 and ring 

gear 354 are contained in housing 349, including first 
housing member 350 and second housing member 352. The 
housing 349 is sealed and contains lubricating oil. The 
lubricating oil is anything that reduces the wear on the Sun 
gear 312, planetary gears 330a–d, and ring gear 354. In one 
embodiment the oil used in the housing 349 is synthetic gear 
lube or alternatively synthetic transmission fluid. 

In preferred embodiments of the planetary gear system of 
the invention, the gear reduction ratio ranges from about 6:1 
to 1:1. This is contrasted with the conventional chain and 
sprocket reduction ratio range of from 1.6:1 to 2:1. The 
conventional chain and sprocket ratio range is limited by the 
diameter of the sprockets and the strength of the smaller 
drive sprocket. 
Now turning to one embodiment placement of the plan 

etary gear system 300 within the drive train 303, we turn our 
attention to FIG. 13. FIG. 13 is a perspective view of a 
portion of the drive train 303 shown in FIG. 14. FIG. 13 
includes some additional components not shown in FIG. 14. 
such as the right chassis 362, left chassis 368, and stiffener 
351. In the embodiment shown in FIG. 13, the planetary gear 
system 300 is mounted coaxial with the track shaft 302. The 
input 310 is driven, through keyed connection, by the 
secondary clutch 308 of a continuously variable transmis 
sion. The second or output shaft 346 of the planetary gear 
system 300 is coupled to and drives the track shaft 302. It is 
certainly within the scope of this invention for the track shaft 
302 and second shaft 346 to be an integral or one-piece 
member. 

In the embodiment of the drive train of the present 
invention shown in FIG. 13, the planetary gear system 300 
is positioned adjacent to the outside of left chassis 362. It 
may be desirable to attach the housing 349 to the left chassis 
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362 with bolts (not shown) through holes in the left chassis 
362 such as holes 363a–e. The planetary gear system 300 is 
supported by a stiffener or bracket 351 that has one end 
attached to the housing 349 of the planetary gear system 300 
as shown, and the opposite end (not shown) secured to an 5 
engine mount (not shown). 
The drive train of the present invention includes a track 

drive sprocket, alternatively referred to as a drive sprocket 
or simply as a sprocket. A sprocket is any member attached 
to a track shaft and engaged with a continuous drive track 10 
such that rotation of the track shaft causes rotation of the 
sprocket that causes rotation of the continuous drive track. 
The sprockets 304 and 306 are one well-known embodiment 
of a sprocket. 
A conventional brake caliper 364 and disk 366 are 15 

mounted on the track shaft 302 to the outside of the right 
chassis 368. Alternatively, the brake caliper and disk may be 
located to the inside of the right chassis 368. 
A bracket 370 containing a ring bearing (not shown) is 

secured to the right chassis 368 and further supports the 20 
track shaft 302. 
A continuously variable transmission is any mechanism 

or system that provides variable gear reduction. One 
embodiment of a continuously variable transmission is 
referred to as a reduced rpm clutch or alternatively a clutch 25 
system. One embodiment of a continuously variable trans 
mission or clutch system is a primary clutch (alternatively 
referred to as a drive clutch), a belt and a secondary clutch 
(alternatively referred to as a driven clutch), wherein the 
secondary clutch is driven by and connected to the primary 30 
clutch through the belt. This type of continuously variable 
transmission is well known. 
One embodiment of the present invention utilizes a sec 

ondary clutch that has a smaller diameter than the prior art 
secondary clutch. Conventional secondary clutches typically 35 
have a diameter of about 10.5 to 11.7 inches. One embodi 
ment of the present invention utilizes a secondary clutch 
having a diameter between 8 inches and 9.5 inches. The 
embodiment of the secondary clutch shown in FIGS. 12 and 
13, namely secondary clutch 308 has a diameter of 8.6 40 
inches. This diameter is measured from the outer edge of 
sheaves 309 and 311. 

Significant advantages result from the use of a smaller 
diameter secondary clutch. For example, the Smaller diam 
eter secondary clutch results in less overall mass as well as 45 
less rotating mass. Furthermore, the Smaller secondary 
clutch is more compact. Furthermore, as is discussed in 
more detail below, the smaller secondary clutch allows for 
a wider range of rpm reduction ratios. 
The advantage of a more compact secondary clutch Such 50 

as secondary clutch 308 is now further described. The 
present invention may result in placement of the secondary 
clutch on the same axis as the track shaft. A consequence of 
this placement is that a larger diameter or conventional 
secondary clutch is likely to strike the ground or Snow in 55 
certain Snowmobile driving circumstances. Therefore, a 
Smaller diameter secondary clutch has the advantage of 
being able to place such clutch on the axis of the track shaft 
and yet maintain proper ground clearance. The only alter 
native to the smaller diameter secondary clutch would be to 60 
raise the track shaft. However, a lower track shaft translates 
into a desirable lower center of gravity for the snowmobile. 
It may also be desirable to configure the continuous track in 
a particular path that requires the track shaft and sprockets 
to be positioned in a lower position. 65 
As mentioned above, a further advantage of the Smaller 

diameter secondary clutch is the resulting wider range of 

10 
rpm reduction ratios. The 8.6 inch diameter secondary clutch 
with a standard 8 inch diameter primary clutch yields a 
start-up ratio (when the Snowmobile is going from being 
stationary to moving) of 2.77:1. The full ratio (when the 
snowmobile is moving) is 2.04:1. This yields an overall ratio 
of the continuously variable transmission of 5.65:1. A con 
ventional continuously variable transmission with the larger 
10.5 inch diameter secondary clutch and an 8 inch diameter 
primary clutch yields a start-up ratio of 3.44:1 and a full ratio 
of between 1:1 and 1.21:1. Therefore, at best, the conven 
tional overall ratio of the continuously variable transmission 
is 4.16:1. This ratio change from 4.16:1 to 5.65:1 is a 36% 
increase in ratio range. The 36% increase in ratio range 
results in a better ability for the snowmobile to take-off from 
starting position to a moving position with reduced jerkiness 
that is caused by the initial engagement of the transmission. 
The operation of the embodiment drive train partially 

shown in FIGS. 12–15, including the continuously variable 
transmission is here provided. The engine 301 may be a 
conventional gasoline powered engine of the type generally 
found in Snowmobiles. However, the engine may be any 
other type of engine suitable for driving a snowmobile. The 
engine drive shaft (not shown in FIG. 12, but for example a 
shaft such as shaft 15 in FIGS. 2 and 3) rotatably drives the 
primary clutch 305 that in turn drives the belt 307. The drive 
belt drives the secondary clutch 308 that rotatably drives the 
input shaft 310. The sun gear 312 is then driven by the input 
shaft 310. The Sun gear 312 engages the planetary gears 
330a–d, which are rotatably supported, in the plates 316, 
318. The force of the sun gear 312 acting on the planetary 
gears 330a-d cause the gears 330a-d to rotate and move 
along the ring gear 354 thereby rotating the plates 316,318. 
The rotation of plates 316, 318 rotatably drives the second 
shaft 346. The second shaft 346 rotates at an rpm lower than 
the rotation of the input shaft 310 resulting in a gear 
reduction. The second shaft 346 in turn drives sprockets 304 
and 306 that in turn engage and drive the endless track (such 
as endless or continuous track 14 of FIG. 1). 

ANOTHER 
EMBODIMENT FORWARD/REVERSE 

PLANETARY UNIT 

The present invention may also include a forward/reverse 
planetary unit, as shown in FIGS. 16–18, for driving the 
snowmobile in the forward and reverse directions. Such a 
forward/reverse unit could be used in conjunction with any 
of the embodiments described above. 
A forward/reverse planetary unit is a planetary drive 

system that includes the ability to operate in a reverse mode 
in which the second shaft of the planetary drive system 
rotates in an opposite direction from the input shaft. FIGS. 
16 and 17 are sectional views of one embodiment forward/ 
reverse planetary unit 400. FIG. 16 illustrates forward/ 
reverse planetary unit 400 in forward mode in which the 
second shaft 404 rotates in the same direction as the input 
shaft 402. FIG. 17 illustrates the forward/reverse planetary 
unit 400 in reverse mode in which the second shaft 404 
rotates in the opposite direction of the input shaft 402. 

First a discussion of the components of the forward/ 
reverse planetary unit 400 will be described. Then a discus 
sion of the forward and reverse modes will be provided in 
conjunction with FIGS. 16 and 17 respectively. 
A forward/reverse planetary unit includes an input shaft 

that is driven either directly or indirectly by the engine drive 
shaft. An input shaft may be integral or separate, but 
connected to, whatever drives it. For example, an input shaft 
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may be integral with the engine drive shaft, or it may be a 
separate shaft. Furthermore, an input shaft could be integral 
with a secondary clutch of a continuously variable trans 
mission. Alternatively, an input shaft could be integral with 
the output of an offset (offset is discussed below). What is 
meant by “integral is that the two parts that are integral are 
in actuality only one piece or one member. Forward/reverse 
planetary unit 400 includes input shaft 402. 
A forward/reverse planetary unit also includes an output 

shaft. An output shaft either directly or indirectly drives the 
endless drive track of a snowmobile. An output shaft may be 
integral or separate, but connected to, whatever it drives. For 
example, an output shaft may be integral with a component 
of a continuously variable transmission in the situation in 
which the forward/reverse planetary unit is on the front end 
(drives the continuously variable transmission). Further 
more, an output shaft may be, but is not required to be, 
integral with the track shaft. Forward/reverse planetary unit 
400 includes output shaft 404. 
An output shaft may, but is not required to, include a 

weight bearing protrusion. In the embodiment shown in 
FIGS. 16 and 17, the output shaft 404 includes a weight 
bearing protrusion 405. 

Input shaft 402 includes a first sun gear 406 and a second 
Sun gear 408. Many different configurations and shapes and 
designs of Sun gears may be used in this invention. First and 
second sun gears 406 and 408 are merely one embodiment. 
A forward/reverse planetary unit includes a first planetary 

assembly and a second planetary assembly. A planetary 
assembly includes a plurality of planetary gears and a cage 
to Support the plurality of planetary gears. 

Forward/reverse planetary unit 400 includes first plan 
etary assembly 410 that includes four planetary gears 412 
(only two shown in cross sectional views), and cage 414. In 
this embodiment, cage 414 includes drum 416. Forward/ 
reverse planetary unit 400 also includes second planetary 
assembly 420 that includes four planetary gears 422 (only 
two shown in cross sectional views), and cage 424. In this 
embodiment, cage 424 is integral with ring gear 426. Cage 
424 is connected to the output shaft 404 so that rotation of 
the cage 424 results in rotation of the output shaft 404. Ring 
gear 426 meshes with the gear teeth on the planetary gears 
412. 

Forward/reverse planetary unit 400 also includes a second 
ring gear 430 that meshes with the gear teeth on planetary 
gears 422. In the embodiments shown in FIGS. 16 and 17. 
second ring gear 430 is supported by a guide 431 in the 
housing 452. 
A forward/reverse planetary unit includes a first locking 

device and a second locking device. The definition of a 
locking device for purposes of this invention is any device 
or mechanism capable of releasably engaging either a cage 
or a ring gear to releasably prevent the cage or ring gear from 
rotating. A locking device may be a band or it may be some 
other mechanism. For example, a locking device may be an 
electric magnet that can be turned on and off to create a 
magnetic field capable of preventing rotational movement of 
a cage or ring gear. 
The forward/reverse planetary unit 400 includes a first 

locking device that is first band 440, and a second locking 
device that is second band 442. First and second bands may 
be conventional reverse lock-up bands used in the automo 
bile industry. First and second bands may be made of a steel 
band with a friction material along the Surface that contacts 
the braked member. 
A means for actuating the first and second locking devices 

may be provided. Means for actuating the first and second 
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12 
bands 440 and 442 may include electric Solenoids, mechani 
cal means including levers, and hydraulic systems. Means 
444 and 446 are shown in FIGS. 16 and 17, with means 444 
positioned to actuate first band 440, and means 446 posi 
tioned to actuate second band 442. The means 444 and 446 
may result in movement of plungers 448 and 450 respec 
tively wherein the plungers interact with the first and second 
bands 440 and 442 respectively. In the embodiment shown 
in FIGS. 16 and 17, forward/reverse planetary unit 400 
includes a housing 452 through which the plungers 448 and 
450 extend. Housing 452 may be sealed and contain lubri 
cating oil such as discussed above with earlier embodiments. 

Elements may be used to support the input shaft 402 and 
second shaft 404 while still allowing the supported elements 
to rotate. For example, these elements may be bearings or 
bushings. In the embodiment shown in FIGS. 16 and 17. 
these elements are double row bearings 460, 464 and 468. 
A discussion of the forward/reverse planetary unit 400 in 

forward mode is now provided in conjunction with FIG. 16. 
In forward mode, second ring gear 430 is prevented from 
any substantial rotation. This is accomplished by actuating 
second band 442 to apply it to second ring gear 430. 
Furthermore, first band 440 is not actuated or applied to 
drum 416. The result is that planetary gears 422 “walk' 
along stationary second ring gear 430. Therefore, cage 424 
rotates in the same direction as input shaft 402, and hence 
second shaft 404 also rotates in the same direction as input 
shaft 402. 
A discussion of the forward/reverse planetary unit 400 in 

reverse mode is now provided in conjunction with FIG. 17. 
In reverse mode first band 440 is actuated to prevent any 
substantial rotational movement of drum 416 of cage 414. 
Second band 442 is not actuated or applied to second ring 
gear 430. The result is that planetary gears 412 drive ring 
gear 426 so that it rotates, and ring gear 426 is connected to 
the second shaft 404. Therefore, second shaft 404 rotates in 
reverse direction to input shaft 402. 

It is noted that the gear reduction ratio of a forward/ 
reverse planetary unit in forward mode may be the same or 
it may be different from the gear reduction ratio in reverse 
mode. The different ratios may be adjusted by adjusting the 
number of gear teeth on the first and second Sun gears 406 
and 408 as well as appropriate changes to the planetary and 
ring gears. 

FURTHER EMBODIMENTS OFFSET 

Applicant also herein discloses an offset that may be used 
in conjunction with either a planetary gear system or with a 
forward/reverse planetary unit within a snowmobile. An 
offset is a mechanism that transfers drive power from one 
axis to another. An offset includes a first offset member and 
a second offset member. The first offset member and the 
second offset member both are capable of rotating in non 
coaxial positions. An offset may include, but is not required 
to include, a gear reduction ratio. That is, the first and second 
offset members may rotate at the same rotational speed or at 
different rotational speeds. 

First offset member includes gear teeth that are collec 
tively referred to as first offset gear. Likewise, second offset 
member includes gear teeth collectively referred to as sec 
ond offset gear. A first offset gear is any form of gear capable 
of driving another gear. A second offset gear is a gear 
capable of being driven by a first offset gear. The second 
offset member may be driven by direct contact between the 
first offset gear and the second offset gear. Alternatively, 
there may be an intermediate member or members such as 
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a third member (not shown) including a third gear between 
the first and second offset members. 

FIG. 18 is a sectional view of one embodiment of an offset 
combined with a forward/reverse unit, namely offset and 
forward/reverse planetary unit 500 (referred to hereinafter as 
unit 500). Unit 500 includes first offset member 502 and 
Second offset member 504. First offset member 502 includes 
a shaft 506 with a first offset gear 508. 

Elements may be used to support the first offset member 
while still allowing the first offset member to rotate. For 
example, these elements may be bearings or bushings. In 
one embodiment, the first offset member 506 is rotationally 
supported by double row bearing 510, and single row 
bearing 514. 

Second offset member 504 includes second offset gear 
520 that meshes with first offset gear 508 of the first offset 
member 502. Second offset member 504 is rotatably sup 
ported by one or more elements. For example, these ele 
ments may be bearings or bushings. In one embodiment, the 
element supporting second offset member 504 may be single 
row bearing 522. 

Second offset member 504 is integral with input shaft 602 
of forward/reverse planetary unit 600. Note that forward/ 
reverse planetary unit 600 is only shown in the Figures in 
reverse mode. However, forward mode is also possible and 
is easily surmised from a review of FIG. 16. 

Input shaft 602 includes a first sun gear 606 and a second 
Sun gear 608. Many different configurations and shapes and 
designs of Sun gears may be used in this invention. First and 
second sun gears 606 and 608 are merely one embodiment. 
A forward/reverse planetary unit includes a first planetary 

assembly and a second planetary assembly. A planetary 
assembly includes a plurality of planetary gears and a cage 
to Support the plurality of planetary gears. 

Forward/reverse planetary unit 600 includes first plan 
etary assembly 610 that includes four planetary gears 612 
(only two shown in cross sectional views), and cage 614. In 
this embodiment, cage 614 includes drum 616. Note that a 
cage, by definition is not required to include a drum. Rather, 
a cage with a drum is merely one embodiment of a cage. 
Forward/reverse planetary unit 600 also includes second 
planetary assembly 620 that includes four planetary gears 
622 (only two shown in cross sectional views), and cage 
624. In this embodiment, cage 624 is integral with ring gear 
626. Cage 624 is connected to the output shaft 604 so that 
rotation of the cage 624 results in rotation of the output shaft 
604. Ring gear 626 meshes with the gear teeth on the 
planetary gears 612. 

Forward/reverse planetary unit 600 also includes a second 
ring gear 630 that meshes with the gear teeth on planetary 
gears 622. In the embodiment shown in FIG. 18, second ring 
gear 630 is supported by guide 631 in housing 652. 
A forward/reverse planetary unit includes a first locking 

device and a second locking device. The definition of a 
locking device for purposes of this invention is any mecha 
nism capable of releasably engaging either a cage or a ring 
gear to releasably prevent the cage or ring gear from 
rotating. 
The forward/reverse planetary unit 600 includes a first 

locking device that is first band 640, and a second locking 
device that is second band 642. First and second bands may 
be conventional reverse lock-up bands used in the automo 
bile industry. 
A means for actuating the first and second locking devices 

may be provided. Means for actuating the first and second 
bands 640 and 642 may include electric solenoids, mechani 
cal means including levers, and hydraulic systems. Means 
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644 and 446 are shown in FIG. 18 with means 644 posi 
tioned to actuate first band 640, and means 646 positioned 
to actuate second band 642. The means 644 and 646 may 
result in movement of plungers 648 and 650 respectively 
wherein the plungers interact with the first and second bands 
640 and 642 respectively. In the embodiment shown in FIG. 
18, unit 500 includes a housing 652 through which the 
plungers 648 and 650 extend. Housing 652 may be sealed 
and contain lubricating oil as discussed above with earlier 
embodiments. 

Elements may be used to support the second shaft 604 
while still allowing the second shaft 604 to rotate. For 
example, these elements may be bearings or bushings. In 
one embodiment these elements are double row bearings 
652 and 654. 
The unit 500 may be utilized in the drive train of a 

snowmobile in such a way that the first offset member is 
connected to the secondary clutch of a continuously variable 
transmission which in turn is driven by an engine drive shaft. 
For example, one could replace reduction drive 19 in FIG. 
3 with unit 500 of FIG. 18. In Such a case the first offset 
member 506 would be connected to, or integral with, the 
secondary clutch and the second shaft 604 would be con 
nected to, or integral with, the track shaft. The secondary 
clutch would drive the first offset member 506 and the 
second shaft 604 would drive the endless drive track of the 
snowmobile. 
An offset combined with a planetary gear system is also 

disclosed here. One embodiment offset and planetary gear 
system is shown in sectional view in FIG. 19. Specifically, 
offset and planetary gear system 700 (hereinafter referred to 
as unit 700) is provided. Unit 700 includes a first offset 
member 702 and a second offset member 704. First offset 
gear 706 of first offset member meshes with second offset 
gear 708 of second offset member 704 so that rotation of first 
offset member causes rotation of second offset member. As 
with the offset discussed above in relation to FIG. 18, there 
may be, but does not have to be, a gear reduction ratio 
between the first offset member and the second offset 
member. 

Elements may be used to support the first offset member 
while still allowing the first offset member to rotate. For 
example, these elements may be bearings or bushings. In the 
embodiment of FIG. 19, first offset member 702 is rotation 
ally supported by double row bearing 710 and single row 
bearing 714. 

Second offset member 704 is integral with input shaft 720 
of planetary gear system 722 so that rotation of second offset 
member 704 results in rotation of input shaft 720. Input shaft 
720 includes sun gear 724 that drives planetary gears 726 by 
being meshed with Such. 
Cage 730 is fixedly secured to housing 732 by clip 734 so 

that cage 730 cannot rotate relative to housing 732. Ring 
gear 740 is integral with second shaft 742 so that rotation of 
ring gear 740 causes rotation of second shaft 742. Ring gear 
740 is driven by planetary gears 726 by being meshed with 
Such. 

Unit 700 would be utilized in the drive train of a snow 
mobile in the same location as unit 19 in FIGS. 2 and 3. That 
is, offset member 702 is driven by the secondary clutch of 
a continuously variable transmission, that is driven by an 
engine drive shaft. Output shaft 742 drives an endless drive 
track, through for example a track shaft. Output shaft 742 
may be integral with the track shaft. 
The above specification, examples and data provide a 

complete description of the device and use of the invention. 
Since many embodiments of the invention can be made 
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without departing from the spirit and scope of the invention, 
the invention resides in the claims hereinafter appended. 
What is claimed is: 
1. A Snowmobile comprising: 
(a) a continuously variable transmission having a driven 

pulley; 
(b) a snowmobile track drive sprocket; 
(c) a forwardly mounted engine having a drive shaft 

coupled to the driven pulley by means of a drive belt; 
(d) a rearwardly extending tunnel comprising a top panel 
and two side panels; 

(e) a first shaft including a first Sun gear and a second Sun 
gear adjacent the first Sun gear, the driven pulley being 
coupled to the first shaft; 

(f) a second shaft, the snowmobile drive sprocket being 
coupled to the second shaft; 

(g) a first planetary assembly including a plurality of first 
planetary gears and a first cage Supporting the plurality 
of first planetary gears, wherein the plurality of first 
planetary gears is driven by the first Sun gear; 

(h) a second planetary assembly including a plurality of 
Second planetary gears and a second cage Supporting 
the plurality of second planetary gears, wherein the 
plurality of second planetary gears are driven by the 
Second Sun gear; 

(i) a first ring gear connected to the second shaft wherein 
rotation of the first ring gear at a first rate of rotation 
causes rotation of the second shaft at the first rate of 
rotation, and wherein the first ring gear is capable of 
being driven by the plurality of first planetary gears; 

() a second ring gear wherein the second ring gear meshes 
with the plurality of second planetary gears; 

(k) a first locking device engagable with the first cage to 
releasably lock the first cage in a fixed rotated position; 
and 

(1) a second locking device engagable with the second 
ring gear to releasably lock the second ring gear in a 
fixed rotated position; and 

(m) a housing mounted to one of the two side panels, the 
housing at least partially encasing the first and second 
Sun gears and first and second planetary assemblies. 

2. The snowmobile of claim 1 wherein the first second 
cage is coupled between the first ring gear and the second 
shaft. 

3. The snowmobile of claim 1, wherein the first and 
second shafts are coaxial, and wherein at least one of the first 
and second shafts includes a weight-bearing protrusion 
projecting within an end of the other of the first and second 
shafts, a bearing being positioned on the weight-bearing 
protrusion between the first and second shafts. 

4. The Snowmobile of claim 1, wherein the one of the two 
side panels to which the housing is mounted at least partially 
encases the first and second Sun gears and the first and 
second planetary assemblies. 

5. A Snowmobile comprising: 
(a) a frame including a tunnel; 
(b) an engine secured to the frame forward of the tunnel, 

the engine having a drive shaft extending therefrom; 
(c) a track coupled to the tunnel; 
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(d) a track shaft coupled to the tunnel and to the track for 

driving the track; 
(e) a continuously variable transmission coupled between 

the drive shaft and the track shaft; and 
(f) a planetary gear assembly including a housing, an 

input shaft, an output shaft, a plurality of planetary 
gears, and a ring gear; the input shaft including a Sun 
gear, the Sun gear being coupled to the plurality of 
planetary gears which are in turn coupled to the ring 
gear, the planetary gears being held at their axes by a 
cage, the cage and ring gear each being selectively 
fixed relative to the housing; wherein the planetary gear 
assembly is coupled between one of (i) the drive shaft 
and the continuously variable transmission and (ii) the 
continuously variable transmission and the track shaft 
on the same side of the tunnel as the continuously 
variable transmission. 

6. The snowmobile of claim 5, wherein the continuously 
variable transmission includes a driven pulley coupled to the 
drive shaft with a belt, the driven pulley being secured to a 
driven shaft; and wherein the planetary gear assembly is 
coupled to the driven shaft and to the track shaft. 

7. The snowmobile of claim 6, wherein the input shaft 
includes an input gear extending outwardly from one end 
thereof, the Snowmobile further comprising an offsetting 
gear coupling the driven shaft to the input gear. 

8. The snowmobile of claim 1, wherein the input and 
output shafts are coaxial, and wherein at least one of the 
input and output shafts includes a weight-bearing protrusion 
projecting within an end of the other of the first and second 
shafts, a bearing being positioned on the weight-bearing 
protrusion between the first and second shafts. 

9. A snowmobile comprising: 
(a) a frame including a tunnel; 
(b) an engine secured to the frame forward of the tunnel, 

the engine having a drive shaft extending therefrom; 
(c) a track coupled to the tunnel; 
(d) a track shaft coupled to the tunnel and to the track for 

driving the track; 
(e) a continuously variable transmission coupled between 

the drive shaft and the track shaft, the continuously 
variable transmission including a driven pulley coupled 
to the drive shaft by a belt; and 

(f) a planetary gear assembly including a housing, an 
input shaft with a Sun gear, an output shaft, a plurality 
of planetary gears, and a ring gear coupled together, the 
planetary gears being held at their axes by a cage, the 
cage and ring gear each being selectively fixed relative 
to the housing; wherein the planetary gear assembly is 
coupled between the driven pulley and the track shaft 
on the same side of the tunnel as the driven pulley. 

10. The snowmobile of claim 9, wherein the input and 
output shafts are coaxial, and wherein at least one of the 
input and output shafts includes a weight-bearing protrusion 
projecting within an end of the other of the first and second 
shafts, a bearing being positioned on the weight-bearing 
protrusion between the first and second shafts. 
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