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To all whom: it may concern:

Be it known that I, Freperick R. BurcH,.

a citizen of the United States, and resident
of Seattle, in the county of King and State
of Washington, have invented certain new
and useful Improvements in Snow Motor
Vehicles, of which the following is a specifi-
cation, o |

My invention relates to snow motor vehi-
cles; that'is, motor vehicles designed to run
on snow and ice. :

‘The general object of the invention is to
provide a motor vehicle of this class hav-

* ing all the essential featureés for meeting
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the peculiar and varying conditions en-
countered in this kind of service. A suc-
cessful snow motor vehicle'must travel over
deep, fresh snow falls, compacted snow or
ice, ice crusts overlying soft snow, and slush,
and must also accominodate itself to surface
irregularities. For the sake of brevity, the
material traveled' over will be referred to
hereinafter simply as “snow,” “snow sur-
face” or “snow body,” except when further
qualified to explain different characteristics
of the machine. . :

In northern latitudes, where the snow fall
is heavy for several months of the year,
transportation by horse power and by
wheeled motor vehicles is always difficult
and often impossible; and it is desired to
provide a motor vehicle capable of break-
ing out roads or even going across country
through newly fallen deep snow, and haul-
ing trailers at the same time when neces-
sary or desirable. This is probably the se-
-verest service required, but the vehicle
should also.be able to cope with all other
conditions of snow surface, to go backward
as well as-forward, to make considerable
speed under favorable conditions and exert

* increased tractive effort with- correspond-
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ingly reduced speed under unfavorable con-
ditions. - ' :

After study of the problem, experiment,
and practical tests and experience with ve-
hicles under the various conditions encoun-
tered throughout northern winters, I have
devised and successfully demonstrated in
operation a vehicle ‘which meets the condi-
tions imposed. So far as I am aware, 1
am the first to produce a really practical
motor sled incorporating all the features
which are found to be essential in practice.

The complete vehicle embodies a number

of essential features, as explained hereafter,
but from one point of view, the primary re-

.quirement is .adequate support upon and

tractive contact with all kinds of snow sur-
faces. To provide for this, a basic feature
of my invention consists in one or more
tractor units arranged to present a large
supporting surface to soft snow and pro-
vided with snow gripping and propelling
members adequate to give proper traction in
soft snow with moderate frictional resist-
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ance and at the same time to give a reduced -

supporting area upon hard snow or ice, also
with proper tractive effect upon such sur-
faces. ' :
More particularly described, the tractors
consist of revoluble drums of relatively large
diameter and of adequate length having sur-
faces which are curved in the plane of their
axes for a great part of their length to pro-
vide for the most advantageous snow con-
tact under varying conditions of snow tex-
ture and surface conformation. These
drums are provided with relatively shallow
helical projections which have an angular
reaction upon the snow surface when the
drums are revolved and so drive the vehicle.
The vertical face area of these projections
is sufficient to give proper driving-impulse
in soft snow, but not sufficient to create un-
due frictional resistance. Their peripheral

surfaces serve as the principal support of -
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the tractors upon, and provide adequate

driving contact with, hard snow or ice. The
surface curvature of the tractor drums in
the axial plane is also such that the tractors
will ride over soft snow and hard lumps
satisfactorily, either forward or backward.
Preferably also, one end of each drum is
smooth, that is, free from helical driving
ribs for a certain distance from one end
(the smaller) toward the other (larger) end,
to exert a channeling and smoothing effect
upon soft snow in advance of driving con-
tact of the ribs with the channelled snow
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surface as the tractor advances with the .

smooth surface foremost. g
each tractor unit is interrupted at a point

Preferably also, -

between its ends, that is, it consists of two

drums in axial alinement, rather than a sin-
gle continuous drum, and the surface of the
drums in the planes of their axes is defined
by a continuous curve, extending substan-
tially from the front end of the front drum
to the rear end of the rear drum; and pref-
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erably also this curve has a decreasing ra-

dius toward the ends, so that the forward

and rearward portions of the snow-engag-
ing surfaces have an increasing upward cur-
vature relative to the snow-surface; and the
longitudinal curvature of portions of the
drum surfaces may be so slight as to be sub-
stantially straight; these slightly curved or
substantially curved areas being usually in-
cluded in the portions of the drum surfaces
which are provided with driving ribs. This
surface curvature in connection with the
pivotal arrangement of the tractor units

~. mentioned below, enables the drums to prop-
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' rected backward. Usually two such tractor-
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erly ride over and conform to all kinds of

snow;bodies and surface irregularities, as

explained in the following detail descrip-
tion. The drums are also preferably ar-
ranged so that the principal smooth segment
of the front drum is directed forward, and
the smooth portion of the rear drum is di-

units are provided in parallel relation. -

In connection with such tractor elements
I provide a suitable main frame supporting
a body structure, a suitable motor, and
power transmission devices; and. additional
framing and supporting structures to con-
nect the tractors properly with the main
frame. I have found that an essential re-
quirement in connecting the tractors with
the main frame, or as otherwise considered,
in supporting the main frame upon the trac-
tors, is that each tractor unit shall have a
considerable oscillating or pivotal movement
in its longitudinal, vertical plane in rela-
tion to the main frame, to permit each trac-
tor unit to conform properly to irregulari-
ties of the snow surface. This requirement
1s provided for in the arrangement of the
frame structure. The invention further pro-
vides suitable driving connections from the
motor or transmission mechanism carried by
the main frame to the tractor units, and pro-

vides suitable flexible elements in such. driv--

ing connections to permit the oscillating
movement of the tractor units and for other
reasons. -

It is found desirable to pivotally connect
the tractor units to the main frame at an
intermediate point of the length of each trac-
tor unit, and also to provide driving con-
nections to the tractor shafts at peints sub-
stantially coincident with their pivot-connec-
tions. The invention includes mutually
adopted structures which provide the desired
pivot and drive connections in a simple and
desirable form.

The invention also provides suitable steer-
ing means, consisting in a preferred embodi-
ment in forwardly arranged dirigible run-
ners, and provides for suitably connecting

- these runners with the main frame so that

65

the weight of the main frame is distributed
between the tractive units and the runners

1,431,440

in an advantageous way, and so that the in-
dividual runners, and also the steering struc-
ture as a whole, have a certain flexibility
of movement.

Since the vehicle frequently runs in deep
snow, in which the tractor drums sink quite
deeply, the frame, driving and steering con-
nections and other features are designed to
provide an unobstructed space longitudi-
nally through the machine between the
drums, extending up a substantial distance
above the level of the bottoms of the drum
surfaces; and: this unobstructed clearance
space may be substantially as high as the
average horizontal plane of the drum shafts.
This permits the vehicle to pass freely over
a relatively high ridge formed between the
channels pressed by the drums in deep, soft
snow, or other obstructions straddled by the
drums in the progress of the vehicle.

I have found that springs comparable to
the chassis springs of ordinary motor ve-
hicles, such as have been proposed for mo-
tor sleds in-some cases, are usually, if not
always, unnecessary in connection with other
features of my invention, for the reason that
the flexible mounting of the tractor units
and guiding runners carries the vehicle very
smoothly over smow surfaces of all sorts,
without any bumps or shocks which are ol-
jectionable or injurious either to the vehicle
or to the goods or passengers carried. I,
therefore, dispense with any springs having
a principal cushioning or supporting func-
tion, and correspondingly simplify the frame
structure.

“ Various strains and thrusts are imposed on
the frame and on moving parts, incident to
movement over various surfaces, and driv-
ing reactions. The proper resistance to, and
distribution. of, these stresses have been
carefully provided for, in the. arrangement
of main and tractor frame members, driv-
ing and pivot connections, and guides for
the movable tractor frames, as explained suf-
ficiently hereafter. ,

"To meet the various conditions briefly sug-
gested above, and to incorporate the struc-
tural features mentioned, as well as others
referred to later, is an exceedingly complex
inventive problem. In its solution practi-
cally all the principal parts of the machine
have had to be mutually adapted to each
other. These features of mutual adaptation
will be sufficiently understood from the fol-
lowing detail description of a representative
form of the invention.

The invention comprises numerous other
features which are best described in connee-
tion with a detailed description of the ac-
companying drawing, which shows one ex-

-emplifying embodiment of the invention.

After considering this it will be understood

that numerous subordinate parts or sub-com-

binations of.elements of the invention have
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“the front end of the

1,431

utility in themselves, apart from other parts
or sub-combinations, and that such parts
and sub-combinations may be varied. greatly
within the principles of the invention.

In the drawings: )

Figure 1 is a side elevation of a snow sled
embodying the invention; . '

Figure 2 is a top plan with some parts
broken away; ’ ’

Figure 3 is a rear end elevation with a
fragment of the rear gear casing broken
away; A

Figure 4 is an enlarged transverse ver-

‘tical section at 4—4, Figure 2;

Figure 5 is a perspective view, somewhat
diagrammatic, of the frame structure;

"Figure 6 is an enlarged longitudinal sec-
tion of a tractor drum; .

Figure 7 is a detail, partly in section, of

‘one of the pivotal tractor carriers and part

of another one, and the adjacent part of the

‘main frame;

Figure 8 is a sectional detail in the plane.
8—8, Figure 7; /- o ,

Figure 9 is an enlarged side elevation of

machine, showing the

steering runners; = - o

Figures 10 and 11 are small diagrammatic
side elevations of the vehicle, showing the -
accommodation of the tractors and runners’
to different snow surface conformations, and

Figure 12 is an enlarged fragmentary sec-
tional detail of one of the tractor drums.

Figure 13 is ‘an enlarged sectional detail
of one tractor shaft, with parts broken away,
showing mainly the shaft, bearings and lat- -
eral guide means. o .

Figure 14 is an enlarged fragmentary rear
end elevation, partly in section, of one of
the vertical shaft-guides.
" The general organization of the machine
is best explained by first considering Figure
5, in connection with Figures 1, 2, 3,4 and 9:
A frame stucture F, of generally rectangu-
lar plan, carries the vehicle body B. This.
frame F is analogous to the chassis frame
of an ordinary motor vehicle and serves
conveniently to support the motor M,
change-speed gearing contained in the gear
box G, and a clutch contained in the inter-
mediate clutch housing C, and these parts
may conveniently be, as shown, of so-called
unit power-plant construction, as now em-
ployed in the majority of motor vehicles,
or any other suitable arrangement of the
motor, clutch and change-speed gearing may
be made. The main frame also carries suit-
able control devices, of which gear-shift
lever L is a sufficient example. Transverse-
ly arranged below the chassis frame F and
rigidly connected to it by brackets 1 is a
beam 2 having downwardly curved ends 3.
Below beam 2 and substantially in the lon-

. gitudinal center of the machine is a beam

4 which extends substanially throughout the

,440

length of the vehicle. A strut 5 rigidly
connects the center of beam 2 with an inter-
mediate part of beam 4. Beams 2 and 4
may be of any suitable structural section but
are-conveniently of I-section as shown. Near
the. front end of the frame F each of its
side members is provided with a bracket 6
and each of these brackets carries a vertical
guide 7 for the front end of one of the trac-
tor frames. Near the rear end of the frame
F each of its side members is provided with
a bracket 8 and each of these brackets car-
ries a vertical guide 9 for the rear end of
one of the tractor frames. Transverse frame
members 10 connect guides 7 to longitudinal
beam 4 and similar frame members 11 con-
nect guides 9 to beam 4 near its rear end.
Frame members 10 and 11 constitute, in
effect, continuous cross braces for the lower
front and rear portions of the rigid frame
structure. Near the front end of frame F
diagonal braces 10* connect side members of
frame F with beam 4 and usually this last
connection is substantially at the point of
connection between cross members 10 and
beam 4. :

At each side of the rigid frame is a tractor

a
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frame T. Each of these comprises a longi-

tudinal beam or truss 12, generally of a
curved or.arched form, as shown, with down-
wardly bent front and rear ends 13 and 14,
respectively, and a transverse member or
yoke 15, and these members are connected
by braces 16. Preferably these braces are
arranged as best shown in Figures 4 and 5
at downwardly divergent angle to each
other, so that they meet at 16> where they
are connected by means of a suitable bracket
to truss 12 and the lower ends of the braces
are connected at the widely separated points
16° and 16¢ to the side member of yoke 6.
This arrangement gives a triangular brac-
ing of the tractor frame adjacent to its drive
mechanism and renders the frame very
strong and stiff, both vertically and later-
ally. Each of the yokes 15 may be of sub-
stantially rectangular form (in plan) and
its side members are provided with bearings
17 through which passes a shaft 18 which is
the tractor drum carrying and driving shaft
of the tractor unit.
are. provided with bearings 19 and 20,
through which shaft 18 also passes. The
outer end of each of the yokes 15 is provided
with a trunnion bearing 21, through which

asses a trunnion 22, conveniently in the
orm of a bolt carried by a clevis 23 fixed to
the adjacent end 1 of beam 2. The inner
end of each of yokes 15 has a trunnion bear-
ing 24 (Figures 4, 8 and 9) through which
passes a trunnion 25, conveniently in -the
form of a bolt which extends through a suit-
able socket formed in beam 4 or provided
in plates 26 bolted to the beam. The trun-
nion bolt is secured by nuts 27. Bolt 25 thus

The ends of truss 12’
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serves as a trunnion for the inner ends of

both of yokes 15, and the heads, consisting
of nuts 27, resist lateral displacement of the
yokes. - Each of the tractor yokes 15 is pref-
erably provided with two arms 140, one bolt-

.ed to each side member of the yoke. These

10

arms terminate in flanges 141, whose inner
faces bear against plates 142, secured-to the
web of beam 4. Clips 143 are also secured
$o-the beam and.these clips have ends 144

- ‘overlying the projecting ends of flanges 141.
. In the oscillatin% movement of the yokes,
e

15

flanges 141 move between plates 142 and clips
144 and the inner ends of the yokes are thus
additionally braced and .guided: -and “dis-

_ alinement of the yokes and of their trun-

20

- end and the outer end of the sleeve.

nions is resisted. Located on each end of
each shaft 18 is a guide sleeve 29 (see espe-
cially * Figures 13 and 14), considerable
clearance being provided between the shaft-
Each
sleeve has parallel, vertical, flat faces 29°,

and from each of these faces extends a trun-
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nion 29, 'The trunnions fit in bearing holes
in slide blocks 29°, and the blocks have flat
vertical faces arranged to slide against inner
faces 9= of the vertical side members of the
corresponding vertical guides 7 or 9. .The
blocks also have flanges 29¢ engaging the
front ‘and rear edges 9° of the guides.  As
the shaft ends move up and down in the piv-
otal movements of the tractor frames, slide
blocks 29¢ move vertically up and.down on
the vertical guide members; trunnions 29°
rotate slightly in their sockets, and the shaft

.ends move somewhat in and out in sleeves

29; and thus the necessary vertical oscilla-
tion is freely permitted, and lateral move-
ment of the ends of the tractor frames is
efféctively resisted. :

The construction described is such that
each tractor frame, comprising the truss 12,
yoke 15 and braces 16, 1s an operative unit
which may oscillate in the vertical plane of
its shaft 18 to the extent permitted by the
‘length of guides 7 and 9, the center of oscil-
lation being the axis of trunnions 22 and 25.
In this movement the guide sleeves 29 move

up and down in guides 7 and 9, and the.

guides effectively brace. thée tractor frame
and the parts that it carries, against lateral
movement. The tractor frame is at the same
time effectively braced against any rotative
movement about its shaft axis by the widely
separated points of support afforded by the
trunnions. . ’

The tractor drums D are mounted on
drum shafts 18. The drum structure on each

- shaft may be considered -an operative unit,

60
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but preferably this structure is separated
somewhere near mid length of the shaft, and
there are, in a-preferred embodiment as
shown, two tractor drums on each of the
shafts 18, and usually the forward and rear
drums on each shaft are of similar structure

varied to suit different conditions.

© 1,431,440

and shape in many respects, but preferably
they also differ in certain respects and the
forward and rear drums will therefore be
described with considerable particularity.

The forward drum 35 of each of the trac-
tor units is in the form of a convex cone
or approximate conoid, cut off only a short
distance from the tip so that its surface 37
curves gradually inward from .a point 38
near the rear end-to the front end of the
drum. Helical flanges or ribs 39 are se-
cured on the rear portion of the drum sur-
face and there is a relatively large number
of these ribs-arranged at a rather steep
pitch-angle so that several of the ribs are
always in contact with the snow surface.
The ribs 39 ‘are of moderate depth in 2
radial direction from the shaft so that their
front and rear faces in contact with snow
at any time, even when the tractors are sunk
deep 1n soft snow, are not of sufficient area
to impose an undue frictional load on the
motor, and at the same time in packed
snow, where the drums do not sink into the

snow surface to any great extent, the ribs

bite into it sufficiently to afford all necessary
driving contact. The preferred form of
these driving ribs will be more particularly
described hereafter. The ribs, so arranged,
occupy a zone about the drum periphery, ex-
tending from ‘a point near 1its rear end,
forward for a considerable distance.” The
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length, of this zone of driving ribs may be .

! The for-
‘ward -portion 40 .of the drum, extending
from the front end of the rib zone to the

_front end of the drum is finished smooth,

and has only a sliding contact with the snow
surfaces without propulsive effect. - As the
drum is driven forwaid by the engagement
of the ribs with ‘the snow body, the smooth

_conical forward end of the drum presses or

irons down loose snow or rides up easily
and smoothly over harder snow and lumps.
In the case of soft snow the forward por-
tion of the drum thus forms a channel for
the rearward ribbed or driving portion, and

‘the ribs in effect engage with a trough

formed in the snow body by the drum and
affording, ample driving contact for the
vehicle and for a trailer load. The sur-
face of the drum from a point near the rear
end of the ribbed surface is curved more
sharply inward toward the shaft, providing

a relatively, more steeply upwardly inclined-

contact surface 41, presented to the snow

‘body: when the tractor. drum moves back-

ward. )

The rear drum 36 is in general similar to
the front drum just described. It has a
relatively sharply rounded front edge por-
tion 42, similar to the rounded rear edge
portion 41 of the front drum. It is pro-
vided with helical ribs 43 arranged sub-
stantially as in the case of the front drum.

100

105

110

115

120

125

130



10

15

20

25

30

35

40

1,481,440

Between the ribbed portion and the rear end
of drum 36 is a smooth portion 44 similar
to the smooth portion 37 of drum 35, but
in the present embodiment of the invention,
somewhat shorter. The peripheral surface
of drum 36 is in the form of a convex cone
or conoid, cut off at a greater distance
from.its point than in the case of drum 35.
In a preferred construction the total length
of drum 36 is less than that of drum 35 and
this difference in length is mainly taken care
of in the shortening of the smooth rear
portion 44. A gradual upward curvature
of the lower smooth surface of.the drum
provides for pressing down soft snow and
riding over lumps when the vehicle is
backed, as in the case of drum 35, when the
vehicle is driven forward ; but since backing

is relatively infrequent the inward curva-
ture of the rear part of drum 36 need not-

be carried to the same extent, in some cases,

_as in the case of drum '35. By considering

the combined action of the two drums as the
vehicle goes forward or backward it will
be understood that the moderate rounded
curvature of the adjacent ends of the two
drums is sufficient to smooth down or ride
over any irregularities that may remain in
or any loose snow or lumps that may fall
into, the path made by one drum after its
passage and before the rounded end 41 or
42 of the other drum reaches the same point
in the tractor path. : o

Considering the two tractors on each shaft
as an operative unit, it will be noted that
the surface curvature from .the forward
end of thé front tractor to the rear end of

the reartractor is substantially continuous,.

except for the interruption at the space be-
tween the drums, and at this point the
tangent-angle of curvature is increased up-
wardly, relatively sharply at the rear end of

the front tractor and the front end of the

45

rear tractor. The general continuous curva-

ture from one end to the other of the two

tractor drums constituting a tractor. unit
may be a uniform curve or arc, or the form
of the curve may preferably in some cases

- be varied so that near the front end of the

.50

front drum 85 and the rear end of the rear

~drum 36 the radius of the curve is shortened.

55

As shown clearly in Figure 1, this makes
the lower surface of the outer end of each
of the drums curve upward more sharply
than the inward portion of each drum, and
gives in fact in the vertical plane of the

shaft axis the approximate form of a runner

with upwardly curved ends; so that if the

" drums were pushed forward without rotation

60
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they would act substantially as runners and

slide up easily over the soft snow or ob-:

structions, in either direction of movement.

Approximately the same effect in riding

over the snow surfaces is obtained when the
machine is driven forward by the rotation

s

of the drums, a different linear portion of
the drum surface acting at each moment
as the principal snow engaging or runner
surface of the drum. Describing the con-
tour of the tractor drums in another way,
their surfaces in planes of the axis are de-
fined by a continuous, substantially curved,
line extending substantially from the front
end of one drum to the rear end of the
other. - The cuirvature of certain portions of
the surfaces, usually near-the larger ends
of the drums, may be decreased to such an
extent that, as in the present case, certain
-portions of the drum surfaces are practically
straight or cylindrical and these approxi-
mately straight or cylindrical portions are

usually included in the areas of the drums

which are provided with the driving ribs.
The tractor drums are of sufficiently great

diameter and length to provide adequate

support for the vehicle, even in very soft
and deep snow. While, of course, I do not
limit myself to definite dimensions, the
drawings - indicate that the drums- are of
very considerable size in relation to the gen-
eral dimensions of the vehicle, and I have
found that they should be made much larger
than has been proposed in certain previous

structures of this class. The depth of the’

driving ribs is small in relation to the diam-
eter of the drums. By this arrangement ade-
quate> driving contact'is provided without
appreciable tendency to cut deeply into soft
snow bodies, or to waste power in the at-

tempt to rotate deep driving flanges having a

large area of snow contact, since the arca of
the drums is sufficient under ;all circum-
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stances to support the drums and the vehicle

to prevent the driving ribs from cutting or
digging away the snow in the channel
formed by the drums, sufficiently to cause
the drums to sink into their channels to an
undesirable extent, comparable, for example,
to the action of wheeled tractors, whose
peripheral cleats under a very heavy driving
load, and on soft ground, will, in" many
cases -simply- dig 2 hole "into which the
wheels sink until the chassis strneture strikes
the ground. - In my invention-such a bur-
rowing action is avoided by the ample sup-
port -afforded by the drums.

The detail construction of'the tractor
drums may vary greatly, but the form shown
is desirable and preferred in some cases.
‘Figure 6 shows a typical drum in section.

106

110

115"

120

Suitably spaced apart on the drive shaft 18

sre sleeves 115 and 116, and these may be
located against shoulders 117 formed on
the shaft, and-the sleeves may be welded or
keyed or otherwise firmly secured, to ro-
tate with the shaft. Each sleeve is provided
with a flange 118. The shell of the drum
may be built up of a’number of plates 120
of suitable metal, suitably welded or riveted
together. . Usnally -it is desirable to “rein-
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force the shell, as, for example, by means of
a number of hoops 121 of convenient cross
section secured to the inner face of the shell.
Some of these hoops may be conveniently of
T-section, as shown, and others, such as the
forward hoop 122, may conveniently be of
L-section to accommodate more easily the
angle of the shell near its smaller end. At
one end, such as the large end, the shell may
terminate in an aperture 123. This end of
the shell may be connected to flange 118 of
sleeve 116 by an end plate 124 bolted to the
shell material about aperture 123 and also
bolted to the flange, and this end plate may
be dished inwardly as shown, to provide
greater stiffness. The other end of the shell
may be similarly connected to the shaft, es-
pecially in the case of the rear drums 36,
where the diameter of the smaller end of the
drum is quite large, or otherwise the shell
material may-be brought down to overlap

flange 118 and directly bolted to it, as shown -

in Figure 6.

The form of the driving ribs may vary
greatly as previously indicated. One simple

cross- sectional form is shown in Figure 6.
Figure 12 shows another form of driving
rib, preferred in some cases. In this form
the ribs 130 have the general cross sectional
form of a modified T-rail, comprising a
base 131 secured to the outer surface of the
drum, a web 132 and an enlarged head 133
of approximately circular cross section. Fig-

_ure 12 shows the tractor drum resting on a

35
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- tact of the lower and rearward portion of
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hard snow surface H. - ‘The ball heads 133

-of the driving ribs cut into the surface more
or less, depending ‘on the weight. imposed -

on them at different points in the length of
the drum. Where the head of the rib cuts
in to any considerable extent, as at A, it
makes a channel or kerf % in the snow body
wider than the web 132; consequently the
driving impulse of the rib is exerted against
only a portion of the bottom of the snow
kerf %, co-exténsive with the area of the con-

the ball head 133. - Thus the frictional con-
tact of thé rib with the snow body is very
much reduced with a corresponding decrease

in frictional resistance and gain in speed or

draw-bar pull.  This construction also avoids

a difficulty encountered in connection with

driving ribs of substantially flat radial
form, due to the fact that when such blades
are drranged helically, the curvature of the
blade at its base is different from the curva-
ture at the periphery; in accordance with

* the well known variations in. curvature of

60
* given the exact curvature required, the -re-.
sult being that the blades bear unevenly at

85

spiral planes. It has'been found in practice .

that flat blades of this sort canmot be feasibly

different points in their travel, against the

rearward side of the kerf formed by them,
resulting in undesirable distortion or widen--
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ing of the snow kerf, accompanied by unde-
sirably great friction and resistance to rota-
tion of the blades. The enlarged heads 133
of the ‘blades just described cut a snow
groove or kerf wider than the thickness of the
blade-webs, and consequently variations in
helical curvature of the blade-web are of
little or no consequence, since the sides of
the web ordinarily do not have any shding
contact with the snow surface. :
The heads 133 of the driving ribs are not
necessarily of the round cross section but
may when necessary or desirable be made
with relatively sharpened peripheries for

‘example of approximately heart-shaped

cross section so that the outer edges of the
ribs will bite into hard ice with satisfactory
driving effect.

A sprocket 50 is fixed on each tractor shaft
18 between bearings 17. -Near the inner end
of each yoke its side members are provided
with upward extensions 51 for the connec-
tion of sprocket frames 52. Each of these
frames has side members 53 provided with
slots 54, and bolts 55 passing through - the
slots and holes in yoke extensions 51 secure
the sprocket frames to the yokes adjustably
toward and from sprockets 50. The sprocket
frames. 52 are provided with bearings 56
and in these bearings sprocket shafts
57 are mounted. On each shaft between
the bearings is a small sprocket 58 connected
to the corresponding large sprocket 50 by a
chain 59. "The adjustment of sprocket
frames 52, to regulate the tightness of the
chain is conveniently provided for by =
set screw 59 passing through a bracket 60°

carried by yoke 15 and bearing against cross

member 52¢ of the sprocket frame. A lock
nut 60 is provided for the screw 59*. When
the nuts of bolts 55 are loosened the sprocket
frame may be moved to left or right, as
viewed in Figure 4, by turning screw 59*
and the -adjustment thus secured may be
made permanent by setting up the nuts or

bolts 55. The described mounting and ad-.

justment of the small sprockets is represent-
ative of other arrangements that may be
used.

Tractor shafts 18 are rotatively supported
in their frames on suitable bearings in
bearing casings 17, 19 and 20, above men-
tioned. The radial support of the shaft
may be on typical radial ball bearings 17*
and 20%, Figure 13, or bearings of any other
suitable form. In addition, to take the end
thrust of the shafts, one or more thrust bear-
ings, such as ball thrust bearings 17>—20°
are usually also provided, and these may be
associated with the radial bearings as shown.

' For "example, ball thrust 20 is located

against the inner ring of bearing 20*: in
casing 20 and the outer ring of the thrust

‘bearing is engafed‘by' the inwardly pro-

jecting flange of an adjusting thimble 20°
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screwed inte the casing and secured by a
locking member 20¢, as usual in bearings of
this type. Similarly, thrust bearings 17°
in casings 17 may be adjusted by thimbles
17¢. By suitable adjustment of the thrust
bearings, the end thrust of the shaft in
either direction may be taken up by two of
these bearings and 1s so distributed between
yoke 15 and the ends of longitudinal truss
12. Where only a single thrust bearing near
each end of a shaft, such as bearings 20°,
is provided, the thrust in either direction is
taken by one of these bearings and trans-

ferred to the corresponding end of longity- -

dinal truss 12 and from it to the main frame
through the yoke trunnions.

Near the rear end of the machipe ‘a geai'
casing 61 is secured to the main frame.

- Caging 61 encloses meshed gears 62 and 63,
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carried by shafts 64 and 65, respectively;
and these shafts are mounted in bearings 66
located in the front and rear walls of the
casing. The shafts extend through the front
wall of the casing and are there provided
with universal joints 67 and 68 respectively,
the casing also enclosing a pinion 69, car-
ried by a shaft 70, mounted in suitable bear-
ings and extending through the front wall
of the casing. The pinion 69 engages with
either of the large gears (in the present
instance with gear 63) and the pinion axis
is set slightly to one side of the longitudinal
frame center, to.permit this engagement
without conflict with gear 62. A universal
joint 71 is mounted on the forward end of
shaft 70. A shaft 72, which is the driven
shaft of the change-speed gearing, extends
through the rear wall of gear casing G, and
is provided with a universal joint 738. This
universal joint is connected with universal
joint 71 of the rear drive pinion by a “pro-

peller” shaft 74 which is arranged at a shght
angle to the longitudinal axis of the vehicle -

to accommodate the offset position of pinion
shaft 70. A propeller shaft 75 is connected

to universal joint 67 of transmission gear 62

and extends forward at a moderate angle and
is connected to the rear end of shaft 57 of the
right hand tractor sprocket 58 by a universal
joint 76. ° Similarly a propeller shaft 77 con-
nects universal joint 68 of transmission gear
63 with sprocket shaft 57 of the left hand
tractor unit, through a universal joint 78.
When it is found. necessary or desirable any
or all of the¢ propeller shafts may be pro-
vided with a slip joint, as indicated at 79,
in propeller shaft 75. ) .

- The driving parts and connections. de-
scribed operate as follows: When the motor
rotates in the usual right-hand direction, as

viewed from the front, and the main clutch:

is engaged, with a sunitable forward-drive
gear combination in engagement in the gear

box, the propeller shaft 74 drives ‘pinion 69

in 4 left-hand direction as viewed from the

- in

7

rear in Figure 3. The pinion drives gear
63 in a right-hand direction and gear 62 in
the oppasite direction. These gears through
propeller shafts 75 and 77 and the associated
universal joints drive the small tractor
sprockets in the same respective directions
as the gears, that is, sprocket 58 of the right-
hand tractor unit, as viewed in Figure 4,
has a left-hand. rotation and the similar
sprocket at the left-hand unit has a right-
hand direction. The corresponding large
sprockets of the tractor units and the tractor-
drums 66 are thus correspondingly driven,
that is, the right-hind drumg have a left-
hand rotation and the left-hand drums have

70

75

80

a right-hand rotation, as viewed from the

rear, and by inspection of Figure 2 it is evi-
dent that the helical driving ribs are ar-
ranged so that the vehicle is driven forward.

The change-speed gearing. provides a suit- 85

_able number of forward drives of suitable

ratios and at least one reverse drive. In
addition to conveniently providing for the
transmission of power from a power plant,
arranged in convenient position on the main
or chassis frame, to tractor units, at a point
considerably forward from the rear end of
the vehicle, the transmission mechanism. de-
seribed also affords opportunity to introduce
into the drive line a number of speed re-
ductions, and the amount of reduction as be-
tween the driven member of the change-gear
box and the tractor shafts may be consid-
erably varied to meet different conditions by
suitably varying the sizes of the different
gears and sprockets in the transmission line

90
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100

"beyond the change-gear box. Explicitly,

the diameter of pinion 69 in relation to that
of gears 62 and 63, may be varied, and the
diameter of sprockets 58 in relation to that
of sprockets 50 may be varied, to determine
the amount of speed reduction at each of
those points; or a reduction at either point
may be avoided or an increase of speed may-

105

-even be provided by suitably proportioning 110

the parts in an obvious way. Usually, on
account of: the preferred large diameter of
the tractor drums, and the consequent high
angular speed of the drum periphery in re-
lation to the angular speed of the shaft, the 115
provision of ample speed reduction between
the engine and the tractor shafts is' desirable.

~ After considering the driving connections,

it .is evident that the spacing apart of the

~drums of each tractor unit provides advan- 129

tageously for the location of the tractor driv-
g means in line with the pivotal axis of
the tractor units. o ‘-

- The main.lower member or beam 4 of the
rigid frame structure extends forward from 125
its point of connection with- chassis frame
F and is conveniently curved downward
somewhat at 80 and again straightened out
at 81, and is provided with a-yoke or clevis

‘82 to receive a transverse member 83 which 130
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is the main frame member of the steering
structure and may be identified, for conven-
ience, as a steering cross-beam. The cross
beam is connected to longitudinal beam 4
by a bolt 84 passing through the sides of
the clevis 82 and engaging in a suitable
bearing formed in the cross beam. Diagonal
braces 85 are connected to the cross beam
near its. outer ends and are also connected
to beam 4 by means of a suitable socket 86,
Figure 1. The ¢ross beam is provided at

“each end with a steering head or sleeve 87

and each of these provides a bearing for a
steering spindle 88. The lower end of each
steering spindle is formed into a yoke or
clevis 89 embracing one of the steering run-
ners 90. A bolt 91 passes through the sides
of clevis 89 and through a bearing in the
runner to permit the runner to oscillate in
a vertical plane.. Each steering spindle is
also provided with a longitudinal cross piece
92. Forward of the steering spindle the
runner is provided with -a spring rod 93
pivoted to the runner 94 and passing through
a holein cross piece 92. Back of the steer-
ing spindle the runner is also provided -with
a spring rod 95 pivoted at 96 and passing
through a similar hole in the cross piece.
A spring 97 is mounted on each spring rod
between the runner and the cross piece.
Preferably the forward spring rod and
are located nearer to” the steering
spindle than the rear spring device. The

" form of the runners may vary considerably,
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surface to insure .

but in a preferred arrangement the tread
surface 98 is curved throughout its length,
the curvature increasing toward the front
and to a smaller degree toward the rear,
and being relatively moderate at a point be-
low the steering spindle. The runner treads
are preferably provided with downwardly
extending flanges 99 which provide sufficient
lateral bearing engagement with the snow
roper steering action.
The lower edges o tlgl)ese flanges may be
suitably sharpened to properly cut into hard
snow or ice. |’ ) o

. The descrilled steering structure is such

that on. encountering . irregularities in "the
snow surface, the front or rear end .of the
runner ‘- will ride over them easily ‘and
smoothly. - Considering the usual direction

of travel, forward, upon encountering a
‘hummock, the upwardly curved tread of the
runner gradually rides up over it, and ing

. ‘doing  so the runner pivots in clevis 89 and.

60°
- . transferred to a point directly under the

: 65

forward spring 97 is compressed, serving to
yieldably transfer a part of the load to the
steering spindle. As the runner goes for-
ward over the obstacle the load is gradually

spindle, and in further movement the run-
ner tilts in the other direction, with accom-

panying compression of spring 97 until the’
obstacle is passed. The greater distance of -
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rear spring 97 from the steering spindle
gives this spring a greater leverage effect
upon the runner than that of the forward
spring and, therefore, the runner is able to
tilt up to ride over an obstacle with rela-
tive ease, but supports the front end of the
vehicle through the runner with relatively
greater firmness as the steering spindle
passes beyond the obstacle. At the same
time, owing to the pivotal connection of the
cross beam 83 with beam 4, either runmer
as a whole moves up or down about the pivot
center 84 in accordance with the general
ground level at either side of the vehicle.

In addition to providing for easily sur-
mounting obstacles, the convex tread of the
steering runners permits them to be quite
easily turned from side to side in steering,
especially in soft snow, since the weight
carried by the runner is borne upon a more
or less restricted segment of the curved
tread. -

A steering column 100 carrying a hand
wheel 101 is mounted in the chassis frame
in the usual way. The column terminates at

its lower end in a steering-gear casing 102,

having a steering arm 103, as usual in motor
vehicles, except that this arm is turned up-
ward, instead of dependin% from its shaft
104. This arrangement o

avoids interfering with the longitudinal
clearance space between the tractor units,
previously mentioned, by steering arms or
other parts extending d};wnward into this
spacé, as would occur in the ordinary ar-
rangement of such parts, and also prevents
obstruction to the upward movements of
the adjacent drum. Each steering spindle
88 of the runners 90 is provided with an
arm 105 and these are connected by a cross-
link 106. One of the spindles, in this case
the left-hand spindle, is also provided with

‘a steering arm 107, all as usual in motor

vehicles. Owing to the considerable ele-
vation of. the chassis frame above the run-
ners, a special arrangements of parts is
usually necessary to properly connect steer-
ing arms 103 and 107. This arrangement
comprises in this embodiment, a lever 108
fulerumed at 109 on a bracket 110 carried
by chassis frame F. A -drag link 111 con-
nects the upper end of lever 108 with steer-
ing arm 103, and another drag link 112 con-
nects the lower end of lever 108 with -the
end of steering arin 107. Preferably the
steering arms 103 and 107 are rovidedszwith

‘ball ends and the upper and lower ends of-

lever 108 are also. provided with ball ends,
and these ball ends cooperate with suitable
sockets in the ends of the drag.links, as
usual in motor vehicles. 'The movement .of

steering arm :108 is transferred by lever

108 from drag link 111 to link 112, and so
to the ‘steering runners in an obvious manner.
From the description of the tractor and

steering parts.
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runné mounting it is mow apparent that
the weight of the main frame of the ve-
hicle is supported, considering the longi-

tudinal distribution of weight, at two points, -

namely the axis of trunnions 22 and 25 and
the center of steering cross beam 83. The
greater part.of the weight is borne by the

“tractors and a suitable, smaller portion is
_borne by the steering rumners, sufficient to

insure proper steering engagement with the
snow surface. Considering the lateral dis-
tribution of the weight, it is evident that it
is distributed’ equally to the two tractor

units through the cross beam- 2, yokes 15

and the tractor frame structure. Thus while
each tractor unit as a whole is free to pivot
about its trunnion center to accommodate
itself to surface irregularities, the two sides
of the main frame are supported firmly at
the pivot centers of the two tractor units.
Lateral tilting of the main frame and body
is, therefore, controlled by the momentary

ositions of the two tractors and this tilt-

ing is reduced to a minimum by the flexi-

we

L]

-~

bility of the tractors, which causes the posi-:

tion of the pivot center to be at all times,
roughly speaking, the average of the ele-
vation of the two ends of the unit. Pivotal
connection of the front end of beam 4 with
the steering cross beam readily permits the
tilting of the main frame in response to
the positioning of the tractor units, regard-
less of the position of the steering runmers
and conversely either of the runners may
rise or fall as a whole as they encounter
lumps or depressions without tilting the
main frame or imparting torsional strains
to it. - Otherwise expressed, the support of
the main frame is on a transverse axis,
which is the axis of the trunnions, and a
point, which is the pivot axis of the steering
cross beam, constituting what is commonly
termed in the motor ‘vehicle art, a three
point support, ‘
Figures 10, and 11 show diagrammati-
cally the accommodation of the tractor
drums and of the steering runners to dif-
ferent conformations of snow surfaces. In
these figures both drums are shown in con-
tact with the sides. of a hollow, and it is
evident from these diagrams that a con-
siderable longitudinal area of both drums
will always engage with the snow surface in
spite of irregularities, because of the longi-
tudinal curvature of the drums and their
pivotal mounting in the main frame. Kach
tractor unit tilts or rocks in passing over
irregular surfaces in very much the same
manner as the steering runners, whose ac-
tion has been described. If, in going for-
ward, the front tractor drum encounters a

“slight rise, this strikes the drum surface at

a point near the ribbed portion and the
front end of the tractor 1s tilted upward
only slightly and the main contact of the

rear drum shifts to a point near the rear
end of its ribbed belt. Such a slight rise or
obstruction corresponds practically to a
moderately curved surface, such as is shown
in Figures 10 and 11, with which a rela-
tively large part of both tractor drums of
a unit will engage.. If the obstruction or
elevation' is higher, corresponding to a
greater curvature of snow ~surface, the
principal contact with the drum surfaces
will shift toward the outer ends of the drums
and on first encountering this obstacle the
front end of the tractor unit will tilt up
more sharply than in the previous case. In
any case a substantial part of the under
surface of each tractor drum maintains
adequate supporting and driving contact
with the snow surface. In this way ade-
quate tractive contact is always maintained

> without either localizing pressure unduly

on parts of the drum surfaces, creating
undue strains or materially decreasing the
driving capacity of the drums. .

It is evident from the detail description
of the structure that adequate provision is
made to resist and adequately distribute

strains, and particularly strains applied to.
the movable . tractor. units. In going for--

ward, the forward portions of the front

‘tractor drums frequently have angular con-

tact with projections which tend to move

the front ends of the tractor frames later-
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ally. This is resisted by éngagement of

gulde-sleeve, slide-blocks 29° with the verti-
cal front guide members 7, which transfer
this lateral strain to the main frame. Simi-
larly any lateral deflection of the rear end
of the tractor frame is resisted by vertical
guides 9. A part of the lateral strain is
transferred through the shafts to yokes 15
and through the yoke trunnions to longi-
tudinal beam 4 and transverse beam 3 which
are braced by the main frame. The verti-
cal load on the tractor shafts and added
strain caused by vertical tilting is trans-
ferred to longitudinal truss 12 at its ends
and at the center through diagonal braces
16. Strains applied laterally fo the front
and rear drum ends tend also to twist the
yokes 15 out of their transverse horizontal

position. 'This twisting is resisted by brace

arms 140 and their guides. Strains often
occur which tend to move the tractor units
outwardly away from the longitudinal axis
of the machine. This occurs, for instance,
when there is a ridge in the roadway, the
sides of which are straddled by the drums
of the respective tractor units.” Such strains
tend to move the yokes 15 partly outward,
and are resisted by the inner trunnion bear-
ings 24 engaging heads 27 of the trunnion
bolt 25, as well as by the outer trunnion con-
nection, of ‘the yokes with cross beam 2.
Further analysis of the strains and stresses
‘which are applied to the tractors will show
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10

that the arrangement provided takes care of

all of them properly and distributes the
strains to several parts of the tractor frames
and their different connections with the main
frame, and so to several parts of the main
frame and thus undue strain on any one part
is prevented. - S L
nd thrust on the driving shafts 18 caused
mainly by the driving reaction is taken up
by the thrust bearings 17% 20°, and distrib-
uted to the ends' 13, 14, of longitudinal
truss 12 and to yokes 15 and from the yokes
is transferred to the main frame through the
trunnions and cross beam 2. ’
Figures 3 and 4 show most clearly that
the arrangement of frame and driving parts
provides a wide and high longitudinal clear-
ance space throughout the length of the ma-
chine between the tractor drums. The up-
er limit of this space is substanfially de-
gned by the -under sides of beam 4, cross
braces 11 and 10, and yokes 15. The lower

stretches of drive chains 59 pass outside of
the limits of "this longitudinal clearance.

space, as clearly shown in Figure 4. Even
when the tractor drums sink deep into soft
snow, the central ridge between the channels
formed by the drums is accommodated in
this clear space without any parts of the

frame dragging on the snow surface, éxcept

in the most exceptional cases.
What I claim is: ‘ .
1. In a snow motor vehicle, a main frame

‘carrying a motor, change speed gearing and

control devices, a tractor. comprising two
substantially conoidal drums of large diam-
eter and sufficient length to support the
drums and the vehicle properly in soft deep
snow, the drums being in axial alinement
with their larger ends adjacént, one of the
drums having a large part of its surface
extending away' from- the smaller end
smooth, a large remaining part of its sur-
face being. provided with helical driving
ribs, a shaft rotatably supporting the drums,
an oscillatable connection between the trac-

tor and the main frame, and a driving con-

nection ‘between the change speed gearing
and the drum shaft. -

~ 2. In a snow motor vehicle, a main frame-

carrying ‘a ‘motor, change speed-gearing and

“control -devices, a ‘tractor comprising two

substantially conoidal drums of large diam-
eter - and:sufficient ‘length to support the

drums and the vehicle properly in soft deep

snow, the drums being in axial alinement
with' their larger ends adjacent, one ‘of the

drums having a large part of its surface ex-

tending away ifrom'the smaller end smooth,
a large remaining part of its surface being
provided with helical driving ribs, the sur-
faces of the ‘drums approaching their ad-
jacent ends being rounded inward relatively
sharply; a-shaft rotatably supporting the

.drums, ‘an oscillatable connection between
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the drum structure and the main frame, and
a driving connection between the chan
speed gearing on the main frame and the
drum shaft. '

3. In a snow motor vehicle, a main frame
carrying a motor, change speed gearing and
control dévices, -a tractor comprising two
substantially conoidal drums of large diam-
eter and sufficient length to support the
drums and the vehicle properly in soft deep
snow, the drums being in axial alinement
with their larger ends adjacent, one of. the
drums having a large part of its surface ex-
tending away from the smaller end smooth,
a large remaining part of its surface being
provided ‘with a plurality of shallow helical
driving ribs, a shaft rotatably supporting
the drums, an oscillatable connection be-
tween the tractor and the main frame, and a
driving connection between the change speed
gearing and the drum- shaft. ‘

4, In'a snow motor vehicle, a main frame
carrying a motor, change speed gearing
and control devices, a tractor comprising
two substantially conoidal drums of large
diameter and.sufficient length to support the
drums and the vehicle properly in soft deep
snow, the drums being in axial alinement
with their larger ends adjacent, one of the
drums having a large part of its surface ex-
tending away from the smaller end smooth,
a large remaining part of its surface bein
provided with a plurality of shallow helica
driving ribs, the surfaces of the drums ap-

. proaching their adjacent ends being rounded

inward relatively sharply, a shaft rotatably
supporting the drums, an oscillatable con-
nection between the drum structure and the
main frame, and a driving connection be-
tween the change speed gearing on the main
frame and the drum shaft.

5. In'a snow motor. vehicle, a main frame
carrying a motor, driving mechanism and
controlling devices, and a tractor structure

. 3

oscillatably connected to the main frame

and including a rotatable shaft, two sepa-
rated conoidal tractor drums mounted on

the shaft, with the larger ends of the drums

adjacent, each drum having a.large smooth

surface extending from its smaller end to- -

ward the other end, each drum having a
zone provided with helical driving ribs ar-
ranged with a steep pitch angle, the adja-

cent ends of the drums having an accentu-.

ated inward curvature; and a driving.con-

nection between the drum shaft and the

driving mechanism on the main frame.
6. In a snow motor vehicle, a main frame

carrying a motor, clutch and transmission

nected to the main frame, a drive shaft in the

_tractor frame, two separated conoidal trac-

tor drums on the'shaft with ‘their larger
ends adjacent, each drum having an exten-
sive smooth surface adjacent to its smaller

_mechanism, a tractor frame oscillatably con-
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end and an extensive surface adjacent to
its larger end provided with helical driving
ribs, and a driving element on the shaft be-
tween the drums, and transmission mecha-
nism connecting said driving element with

. the transmission mechanism on  the main
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frame. . .
7. In 2 snow motor vehicle, & main frame

carrying & motor and transmission mecha--

nism, a tractor frame oscillatably connected

‘to the main frame on & transverse horizon-

tal axis at a point substantially near the
longitudinal center of the tractor frame,
o shaft rotatably mounted in the tractor
frame, two spaced tractor drums on the
shaft, the drums having penﬁ»heml surfaces
convexly curved longitudinally, & large part
of the surface of one of the drums being
smooth and another part of its surface
being provided with helical driving ribs, the
drums being of relatively large diameter
and length sufficient to support them and

‘the vehicle in soft deep snow, a driving

member on the shaft between the drums
approximately in line with the oscillating
axis of the tractor frame, and a driving
connection between said member and the
main frame transmission mechanism, adapt-
ed to conform to the relative movement of
the tractor frame and main frame. '
8. In a snow motor vehicle, a main frame
carrying a motor and control devices, a

tractor frame connected to oscillate verti~

cally at a point substantially near its center
to the main frame, a shaft rotatably
mounted in the tractor frame, ‘concidal
tractor drums on said shaft of sufficient
diameter and length to support them and

-the vehicle in soft deep snow, one of the

drums having a smooth surface extending
from its smaller end approximately to a
point where the longitudinal lower surface

. of the drum is approxzimately parallel to the
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normal snow surface, a large part of the
length of the drum surface rearward of the
smooth surface being provided with a plu-

- rality of shallow helical driving ribs, the

other drum having its surface for a con-
siderable length provided with a plurality
of similar driving ribs, means for guiding
the tractor frame in its oscillating move-
ment and preventing lateral deflection of
said frame, and a driving connection be-
tween said shaft and the miotor.

9. In a-snow motor vehicle, a drum shaft,
a pair of spaced conoidal tractor drums on

‘the shaft, one of the drums having a large

smooth surface mear its smaller-end and a
large surface provided with a plurality of
helical driving ribs, means for bracing the

shaft in vertical and horizontal planes, a’
~main frame, an oscillating connection be-

tween the main frame and the tractor shaft,
and means for guiding the oscillation of the
tractor shaft and drums relative to the main

i
frame and preventing lateral deflection of

the tractor shaft.
10. In & snow motor vehicle, a main

frame, a motor and speed-change and con- .

‘trolling mechanism thereon, a tractor strue-

ture comprising a longitudinal truss, a
transverse yoke having bearings for an
intermediate portion of the shaft, a verti-
cal brace connecting the yoke and truss, a
tractor drum of large diameter on the shaft
between the yoke and one end of the truss,
said . drum having an extensive curved
smooth peripheral surface and an exten-

sive peripheral surface provided with heli-

cal driving ribs, another tractor drum of
large diameter on the shaft between the
yoke and the other end of the truss, and
having an extensive surface provided with
a plurality of shallow helical driving ribs,
a drive member on the shaft within said
yoke, a second drive mimber carried by
the yoke near its inner end, a driving con-
nection between the two members, means for
adjusting the second drive member toward
and from the shaft, means carried by the
main frame providing an oscillatin
port for said yoke in a transverse horizontal

.axis - of the vehicle, guide means inter-
‘mediate the main frame and the ends of the

tractor structure to guide the latter in its
vertical oscillations and prevent lateral de-

flection, and a driving connection between

the second drive member and the speed-
change mechanism on the main frame, in-
cluding means to accommodate the. oscillat-
ing movement of the yoke. :

sup-
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11. In a snow motor vehicle,a main frame, .

two tractor frames movably connected to the
main frame, one at each side, a conoidal
tractor drum-located in each tractor frame
and having a smooth surface extending from
the smaller end a considerable distance to-

105

ward the larger end and a °plurality of .

shallow helical driving ribs arranged on the
drum surface between the smooth portion
and the larger end of the drum, the drum
being of sufficient diameter and length to
support the vehicle in deep, soft snow, and
means ‘for rotating the drum. _

12. In a snow motor vehicle, a main frame
carrying a motor and power transmission
mechanism, two tractor frames oscillatably
connected to the main frame, one at each
side, a tractor drum rotatably mounted in
each tractor frame, the drum having a
smaller and a larger end and its surface be-
ing convexly curved from the smaller end
to a point near the larger end, the surface

‘being smooth from the smaller end for a

considerable distance toward the larger end,
the surface from that point substantially to
the larger end being provided with a plu-
rality of helical driving ribs, the drum be-

_ing of sufficient diameter and length to sup-

port itself and the vehicle in deep soft
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'snbw, and driving connections between. the .

tractor drums and the transmission mecha-
nism on the main frame.. e

"~ 13. In a snow motor vehicle, a main frame

carrying a motor, change-speed gearing and.
control devices, two tractors, one located at

each side of the main frame and each com- .

* _ prising two substantially conoidal drums of

10
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large diameter and sufficient length to sup-
port the drums and the vehicle properly in
soft deep snow, the drums being In axial
alinéement with their larger ends adjacent,
one of the drums having a large part of its
surface extending. away from the smaller
end smooth, a large remaining part of its
surface being provided with a plurality of
shallow helical driving ribs, a shaft rota-
tably supporting the drums and an oscil-
latable ‘connection between: the tractor and
the main frame, and driving connections be-

" tween the change-speed gearing and the

25
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" drum shafts.

- 14. In a snow motor vehicle, a main frame

carrying a motor, change-speed gearing and

control devices, two tractors, each compris-

ing two substantially conoidal drums of.-
large diameter and sufficient length to sup..
port the drums and the vehicle properly ‘in
soft deep snow, the drums being in axial
alinement with their larger ends adjacent,
one of the drums having a large part of its
surface extending away from the smaller
end’ smooth, a large remaining part of its
surface being provided with a plurality of
helical driving ribs, the surfaces of the
drums approaching their adjacent ends being
rounded inwardly relatively sharply, a shaft:
rotatably supporting the drums and an oscil-
latable connection between the drum struc-
ture and the main frame and driving con-
nections. between the -change-speed gearing

" and the drum shaft. - :
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"15. In a snow motor vehicle, a main frame
carrying a motor, driving mechanism and
controlling devices, two tractor structures
oscillatably connected to the main frame,
one at each side of the main frame, and in-
cluding a rotatable shaft, two separated

- conoidal * tractor drums mounted on the

shaft, with the larger ends of the drums

_adjacent, each drum having a large smooth

surface’ extending from its smaller end to-
ward the other end, each drum having a

" “zone provided with a plurality of helical

driving ribs arranged with ‘a steep pitch

Aai:ngle, the adjacent ends of the drums hav-
ing ‘an accentuated inward curvature, and

driving connections between the drum shafts
and the driving mechanism on the mainm
frame. - B : '

16. In a snow motor vehicle, a main frame
carrying a motor, clutch and transmission
mechanism, two tractor frames oscillatably
connected to the main frame, one at each
side of the main frame, each tractor frame

1,431,440

comprising a drive shaft,’ two separated
_conoidal tractor drums on the shaft with

their larger ends adjacent, each drum hav-

.ing an extensive smooth surface adjacent to

its smaller end and an extensive surface ad-
jacent to its larger end provided with a plu-
rality of helical driving ribs, a driving ele-
ment on the shaft between the drums, and
transmission mechanism connecting said
driving elements with the transmission
‘mechanism on the main frame.

17. In a snow motor vehicle, a main frame
carrying a motor and transmission mecha-
nism, two tractor frames located at opposite
sides of the main frame and each oscillatably
connected to the main frame on a transverse
horizontal axis at a point substantially near
the longitudinal center of the tractor frame,
a shaft rotatably mounted in each tractor
frame, two spaced tractor drums on each
shaft, the druims having peripheral surfaces
convexly curved longitudinally, a large part
of the surface of one of the drums being
smooth and another part of its surface being
provided with a plurality of helical driving
ribs, the drums being of relatively large
diameter and- length sufficient to support
them and the vehicle in soft, deep snow, a
driving member on each shaft between the
drums approximately in line with the ‘oscil-
lating axis of the tractor frame, and driving

and the main frame, and transmission mech-
anism adapted to conform to the relative
movement of the tractor frame and main

frame. ‘ ‘

18. In a snow motor vehicle, a main frame,
carrying a motor and control devices, two
tractor frames, one at each side of the main
frame and connected to oscillate vertically
at a point substantially near its center to
the main frame, a shaft rotatably mounted
in each tractor frame, spaced conoidal drums
o each  shaft of sufficient diameter and
length to support them and the vehicle in
deep, soft snow, one of the drums on each
shaft having a smooth periphery extending
from its smaller end to about the middle of
the drum, and having its surface extending
from that point to a point near the larger
end of the drum provided with a plurality
of helical driving ribs, the other drum on
each shaft having its surface provided with
a plurality of similar driving ribs, means
for guiding the tractor frames in their os-
cillating movement and preventing lateral
deflection of the frames, and driving con-
nections between said shafts and the motor.
. 19. In a snow motor vehicle, a pair of
parallel drum shafts, a pair of spaced co-
noidal tractor drums on each shaft, one of
the drums of each pair having a large smooth
surface near its smaller end and a large sur-
face provided with”a plurality of shallow

75
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‘ connections between said driving members

1

helical driving ribs, means for bracing each
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of the shafts in vertical and horizontal

planes, a main frame located between and

above the shafts, an oscillating connection

between the main frame and each. of the
5 shafts, and means for guiding the oscilla-
tions of the tractor shafts and drums rela-
tive to the main frame and preventing lat-
eral deflection of the tractor shafts.

20. In a snow motor vehicle, 2 main frame,
a motor, change speed gearing and control
devices located thereon, a tractor unit at each
side of the main frame, each tractor unit
comprising a frame, a longitudina! shaft
mounted in bearings in the frame, two trac-
tor drums located on the shaft and spaced
apart from each other, the general longitu-
dinal contour of the drums being a curve
presenting a considerably upwardly-inclined
angle to the snow surface at the front end
of the forward drum and at the rear end of
the rear drum, approximately halt of the
forward surface of the forward drum being
smooth and a principal part of the remain-
ing surface of the drum being provided with
helical driving ribs, a considerable part of
the rearward surface of the rear drum being
smooth and a large part of the remaining
surface of the drum being provided with a
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plurality of shallow helical driving ribs, the.

peripheral surfaces of the adjacent ends of
the two drums being curved inward toward
the shaft to present a curvedly-inclined sur-
face to the snow surface in either direction
of movement of the vehicle, a driving mem-
ber on each shaft between the drums, a trans-
verse member forming part of the tractor
frame and connected oscillatably in a trans-
verse horizontal axis with the main frame,
the oscillation axes of the two tractor frames
being substantially coincident, a second driv-
ing member located near the inner end of
each of said transverse members, said second
driving members being each connected to the
first mentioned driving member of its tractor
unit, a gear casing near the rear end of the
main frame, transmission gearing therein,
a flexible driving connection from a part of
said gearing to one of said second driving
members, a flexible driving connection from
another part of said gearing to the other of
said second driving members, and a driving
connection from said change-speed gearing
to a part of the transmission gearing in said
rear gear casing.

21. In a snow motor vehicle, a main
frame having a forward extension, a trac-
tor frame at each side of the main frame
and flexibly connected to it, a tractor drum
in each tractor frame of large diameter and
sufficient length to support the vehicle in
soft, deep snow, the tractor drums having
surfaces convexly curved longitudinally, a
large part of the peripheral surface of each
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drum being smooth and & large part of the

65 remaining surface of each drum being pro-

1.8

vided with a plurality of helical driving
ribs, means for driving the drums, a steer-
ing runner and a connection between the
runner and said forward: extension of the
main frame, said connection including means
by which the runner may be deflected later-
ally for steering and means by which the
runner may oscillate in a vertical plane in
passing over irregular surfaces, steering
mechanism on the main frame and a connec-
tion between said steering mechanism and
the runner for effecting its steering move-
ment. .

22. In a snow motor vehicle, a main frame
having a forward extension, tractor drums
supporting the main frame, means for driv-
ing the drums, a steering cross beam pivot-
ally connected at its center to said main
frame extension to oscillate in a transverse
vertical plane, a substantially upright steer-
ing spindle mounted in a bearing at each end
of said cross beam, a steering runner pivot-
ally connected to the lower end of each spin-
dle to oscillate vertically, spring means
to regulate the vertical oscillation of the run-
ners, a steering arm connected to each steer-
ing spindle, a cross link connecting the arms,
another steering arm connected to one of the
spindles, a steering gear on the main frame,
and a connection from said steering gear to
the steering arm last mentioned.

23. In a snow motor vehicle, 2 main frame
having a forward extension, tractor drums
supporting the main frame, means for driv-
ing the drums, a steering cross beam pivot-
ally connected at its center to said main
frame extension to oscillate in a transverse
vertical plane, a steering spindle mounted in
a bearing at each end of said cross beam, a
steering runner pivotally connected to the
lower end of each spindle to oscillate verti-
cally, spring means to regulate the vertical
oscillation of the runners, a steering arm con-
nected to each steering spindle, a cross link
connecting the arms, another steering arm
connected to one of the spindles, a steering

ear on the main frame, and a connection

rom said steering gear to the steering arm
last mentioned, said steering connection in-
cluding a lever fulerumed on the main frame, 115
a drag link connecting the steering gear with
said lever and another drag link connecting
said lever with said steering arm.

24. In a tractor drum for snow motor ve-
hicles, a helical driving rib fixed to the drum 120
surface and having a peripheral portion or
head, and a relatively thin web between the
head and drum surface.

- 25. In a tractor drum for snow motor ve-
hicles, a shell of circular cross section pro- 125
vided with helical driving ribs, the cross sec-
tional shape of each rib being characterized
by a relatively thin web and an enlarged
rounded head.

26. A tractor drum for snow motor ve- 130
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hicles, comprising a shaft, flanges thereon, a
drum of approximately conoidal contour
having its ends fixed to the flanges, and a
multiplicity of helical driving ribs secured
to a portion of the drum surface, leaving an

" extensive part of the drum surface smooth.
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~ 27. A tractor drum for snow motor ve-
hicles, comprising a shaft, an approximately
conoidal shell having its ends secured to ‘the
shaft, a plurality of shallow helical driving
ribs secured to a portion of the shell surface
and annular reinforcements within the shell.

28. A tractor drum for snmow motor ve-
hicles, comprising a shaft provided with
flanges, an approximately conoidal shell,
means securing the smaller end of the shell
to one of the flanges, a plate secured to the
other flange and 1n turn connected to the
other end of the shell, and a plurality of
helical driving ribs secured to a portion of
the shell surface.

29. In a snow motor vehicle, a main frame
including a longitudinal beam, and a cross

- beam located above the longitudinal beam,

26
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a tractor frame comprising a yoke pivotally
connected to the longitudinal beam and the
cross beam and lateral brace means for the
foke comprising brace members extending
aterally from the yoke at each side of its
pivot connection with the longitudinal beam,

. and guide means carried by the longitudinal
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beam engaging the brace members and guid-
ing them in their oscillating movement while
resisting lateral deflection of the yoke.

30. In a snow motor vehicle, the combina-
tion of a longitudinal frame member, a-yoke
pivotally .connected to the frame member,
brace arms extending from the yoke, one
at each side adjacent to the above connec-

“tion, and guides carried by the frame mem-

ber and engaging the brace arms to permit
oscillation of the yoke and resist lateral de-
flection thereof. '

31. A snow motor vehicle including axi-
ally aligned propelling drums having snow-
engaging surfaces principally located in a

-single longitudinally convex plane.

. 82. A snow motor vehicle comprising two
axially alined tractor drums, the longitudi-
nal contour of the drums being defined by a
continuous curve extending substantially
from the front end of one drum to the rear
end of the other.

33. A snow motor vehicle comprising a
drive shaft and two fractor drums thereon
having their principal longitudinal surfaces
defined by a continuous curved line extend-
ing from the front end of one drum to the
rear end of the other.

34. A snow motor comprising a main
frame, a motor, transmission mechanism,
and a tractor unit comprising a longitudinal
shaft, two tractor drums thereon having
substantially continuously curved surfaces
extending from the front end of one drum

1,431,440

to the rear end of the other, and helically
arranged driving ribs on the drums.

35. In a snow motor vehicle, a main
frame, a motor and transmission mechanism

. and two longitudinal tractor shafts, one ar-

ranged at each side of the vehicle, and a
pair of tractor drums on each shaft, the sur-
faces of each pair of drums being defined by
a substantially continuous curve.

36. In a snow motor vehicle, a main
frame, a motor and transmission mecha-
nism thereon, and longitudinal ‘tractor
frames, one pivotally connected at each side
of the main frame, each tractor frame car-

_rying a longitudinal shaft and a pair of

tractor drums thereon, the surfaces of each
pair of drums describing a substantially
continuous curve to support the machine on
irregular surfaces by pivotal movement of
the tractor frames and simultaneous en-
gagement of a part of the surface of each
drum of each pair with the snow surface.

37. In a snow motor vehicle, two pairs of
parallel alined tractor drums having the
surfaces of the drums of each pair defined
by a continuous curved line extending from
end to end of the pair of drums.

38. In a snow motor vehicle,.a pair of
parallel drum shafts, one arranged at each
side of the vehicle, a pair of spaced conoidal
tractor drums on each shaft, one of the
drums of each pair having a smooth surface
extending from its smaller end for a con-
siderable distance toward its other end, and
a large surface between said smooth, portion
and the other end of the drum provided
with a plurality of separate helical driving
ribs, 2 main frame, an oscillating connec-
tion between the main frame and each of

said shafts, and means for guiding the os- !

cillations of the tractor drums relative to
the main frame to prevent lateral deflection
thereof, the drums being of sufficient diame-
ter and length to support the vehicle in
deep soft snow.

39. In a snow motor vehicle, a pair of par-
allel drum shafts, one arranged at each side
of the vehicle, a pair of spaced conoidal
tractor drums on each shaft, one of the
drums of each pair having a smooth surface
extending from its smaller end for a con-
siderable distance toward its other end, and
a large surface between said smooth portion
and the other end of the drum provided with
a plurality of separate helical driving ribs,
a longitudinal truss member spanning each
pair of drums, a main frame, an oscillat-
ing connection between the main frame and
each of said shafts, and means for guiding
the oscillations of the tractor drums relative
to the main frame to prevent lateral deflec-
tion thereof, the drums being of sufficient
diameter and length to support the vehicle
in deep soft snow. : . '

40. In a snow motor vehicle, a pair of par-
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allel drum shafts, one arranged at each side

of the vehicle, a pair of spaced conoidal-

tractor drums on each shaft, one of the
drums of each pair having a smooth surface

extending from its smaller end for a con-

siderable distance toward its other end and

.a large surface between said smooth portion

and the other end of the drum provided with
a plurality of separate helical driving ribs,
the forward drums of each.pair being lo-
cated substantially beneath the front por-
tion of the vehicle and the rear drums of
each pair being located substantially beneath
the rear portion of the vehicle, a main
frame, an oscillating connection between the
main frame and each of said shafts, and
means for guiding the oscillations of the

tractor drums relative to the main frame

to prevent lateral deflection thereof, the
drums being of sufficient diameter and
length to support the vehicle in deep soft
snow, _ '

41. In a snow motor vehicle, a pair of par-
allel drum shafts, one arranged at each side
of the vehicle, a pair of spaced conoidal
tractor drums on edch shaft, the forward
drum of each pair having a smooth surface

- extending from its forward end for a con-
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siderable distance toward its rear end, and
a large surface between said smooth portion
and the rear end of the drum provided with
a plurality of separate helicalpdriving ribs,
and the rear drum of each pair having a
smooth surface extending from its rear end
for a considerable distance toward the for-
ward end, and a large surface between said
smooth portion and the forward end of the
drum provided with a plurality of separate
helical driving ribs, & main frame, an oscil-
lating connection between the main frame
and each of said shafts, and means for guid-
ing the oscillations of the tractor drums
relative to the main frame to prevent lat-
eral deflection thereof, the drums being of
sufficient diameter and length to support the
vehicle in deep soft snow.

42. In a snow motor vehicle, a pair of par-
allel drums shafts, one arranged at each side

" of the vehicle, a pair of spaced conoidal
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tractor druims on each shaft, the forward
drum of each pair having a smooth surface
extending from its forward end for a con-
siderable distance toward its rear end, and
a large surface between said smooth portion
and the rear end of the drum provided with
a plurality of separate helical driving ribs,
and the rear drum of each pair having a
smooth surface extending from its rear end
for a considerable distance toward the for-
ward end, and a large surface between said
smooth portion and the forward end of the
drum provided with a plurality of separate
helical driving ribs, a longitudinal truss
member spanning each pair of drums, a main
frame, an oscillating connection between the

is

main frame and each of said shafts, and
means for guiding the oscillations of the
tractor drums relative to the main frame
to prevent lateral deflection thereof, the
drums being of sufficient diameter - and
length to support the vehicle in deep soft
Snow. : : ,

43. A snow motor vehicle comprising a
main frame, a tractor shaft, a tractor drum
thereon, a curved longitudinal tractor frame
member carrying at its ends bearings for
the shaft, and a pivotal connection between
the longitudinal member and the main
frame. ’

44. A snow motor vehicle comprising a
main frame, a longitudinal tractor shaft,
tractor drums thereon having curved longi-
tudinal surfaces, a longitudinal tractor
frame member substantially continuously
curved with its main upper portion ap-
proximately parallel to the upper drum sur-
faces, bearings for the shaft carried at the
ends of the longitudinal member, and a piv-
otal connection between the longitudinal
member and the main frame.

45. A spow motor vehicle comprising a
main frame, a longitudinal tractor shaft,
tractor drums thereon having curved longi-
tudinal surfaces, a longitudinal tractor frame
member substantially continuously curved
with its main upper portion approximately
parallel to the upper drum surfaces, bearings
for the shaft carried at the ends of the longi-
tudinal member, a transverse tractor frame

member between the tractor drums, vertical

bracing connecting the transverse member
‘to the longitudinal member, and pivotal con-
nections between the ends of the transverse
member and the main frame.

46. A snow. motor vehicle comprising a
main frame, a tractor frame including a lon-
gitudinal truss, and a transverse member
connected to the truss by vertical bracing,
a shaft supported by bearings in the ends
of the longitudinal member and in the trans-
verse member, tractor drums on the shaft,
and pivetal connections between elements of
the main frame and the inner and outer
ends of the transverse tractor frame member.

47. A snow motor vehicle comprising a
main frame, a tractor frame including a lon-
gitudinal truss, a.transverse member con-
nected to the truss by vertical bracing, a
shaft supported by bearings in the ends of
the longitudinal member and in the trans-

verse member, and tractor drums on the shaft, -

and pivotal connections between elements of
the main frame and the inner and outer ends
of the transverse tractor frame member, the
inner pivotal connection including means to
. prevent outward displacement of said trans-
verse member. 0
48. A. gnow motor vehicle comprising a
main frame, a tractor frame including 2
longitudinal member and a transverse mem-
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ber, a pivotal connection between the outer
end of the transverse member and the main
frame, and a pivotal connection between the
inper end of the transverse member and
the main frame, said connection including a
headed element,arranged to prevent outward
displacement of the transverse member.

49. A snow motor vehicle comprising a
main frame, rotary tractor drums mounted
on longitudinal axes, one at each side of the
vehicle, the drums havmg smooth end por-
tions and other portions provided with heli-
cal driving ribs, and being large enough to
support the vehicle in deep, soft snow, a

pivotal connection with the main frame near

one end of each drum structure, means near
the other end of each drum structure for
guiding the drum in vertical movement, and
means for driving the drums.

50, In a snow motor vehicle, a main frame,
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a motor and transmission mechanism there-
on, a longitudinal tractor shaft rotatably
supported near each side of the main frame,
a tractor drum on each shaft, of adequate
size to.support the vehicle in deep, soft snow,
the drums being approximately conical and
having smooth end portions and other areas
of substantial length provided with helical
driving ribs, means supporting each shaft
oscillatably in relation to the main frame
near one end of its drum, means near the
other end of the drum for guiding the shaft
in vertical oscillating movement, and a
driving connection to each shaft arranged to
admit of the oscillating movement.

Signed at Indianapolis, in the county of
Marion and State of Indiana, this 20th day

“of November, A. D. 1920.

_ FREDERICK R. BURCH.
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