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POWER STEERING FOR AN ALL TERRAIN VERICLE

BACKGROUND OF THE INVENTION

(0001} The present disclosure relates to ali-terrain vehicle (ATVs) having a power
steering assembly. Specifically, the present disciosure relates 1o ATVs having a power

steering assembly operatively connected to the steering shaft of the vehicle.

[0002] Generally, all terrain vehicles ("ATVs") and utility vehicles ("UVs") are used
to carry one or two passengers and a smaill amount of cargo over a variety of terrains.
Due to increasing recreational interest in ATVs, it is desirable to provide the ATVs with
power steering or a power assist steering. Some versions of the steering already exst;
see for example U.S. Patents 6,866,398 and 7,077.233; and .5, Patent Application
Publication No. 2006/0212200.

[0003] LS. Palent 6,966,389 discloses a frame including longitudinally spaced-
apart ends defining a first longitudinal axis, the frame comprising a frame front end
portion, a plurahity of wheels operably coupled lo the frame, a sleering linkage
operatively coupled between an operaior inpul steering portion and at least one of the
plurality of wheels, a power steering assembly operatively coupled to the steering
inkage, the power steering assembily comprising an electric motor and a gear box, the
gear Dox comprising an input shaft and an output shaft, the input shaft being operatively
coupted 1o the operator input steering portion, and the output shaft being operatively

coupied {0 a steenng linkage.

[0804] The above mentioned and other features of this invention, and the manner
of attaining them, will become more apparent and the invention itself will be belter
understood by reference to the following description of embodiments of the invention

taken in conjunciion with the accompanying drawings.
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[0005] In one embodiment, an all-terrain vehicle comprises a frame including
longitudinally spaced-apart ends defining a first longitudinal axis, the frame comprising a
frame front end portion; a plurality of wheels operably coupled to the frame; a steering
linkage operatively coupled between an operator input steering portion and at least of
the plurality of wheels; and a power steering assembly operatively coupled to the
steering linkage. The power steering assembly comprises an electric motor and a gear
box, the gear box comprising an input shaft and an output shatft, the input shaft being
operatively coupled to the operator input steering portion and the output shaft being
operatively coupled to the steering linkage. The output shaft is supported both vertically

and laterally by a support assembly.

[0006] In another embodiment, an all-terrain vehicle comprises a frame
comprising longitudinally spaced-apart ends defining a first longitudinal axis, the frame
comprising a frame front end portion; a plurality of wheels operably coupled to the frame;
a steering linkage operatively coupled between an operator input steering portion and at
least of the plurality of wheels; a power steering assembly operatively coupled to the
steering linkage, the power steering assembly comprising an electric motor and a gear
box, the gear box comprising an input shaft and an output shaft, the input shaft being
operatively coupled to the operator input steering portion, and the output shaft being
operatively coupled to the steering linkage, and having a bearing adjacent its free end.

A bearing support flange is attached to the frame and supports the output shaft bearing.

[00064a] In another embodiment, a four wheel all-terrain vehicle comprises: a frame
defining a first longitudinal axis and including longitudinally spaced-apart ends; a plurality
of wheels operably coupled to the frame; a front differential having a housing and
operably coupled to a front portion of the plurality of wheels; and a rear differential
having a housing and operably coupled to a rear portion of the plurality of wheels, the
frame comprising a frame front end portion, a steering linkage operatively coupled
between an operator input steering portion and at least one of the plurality of wheels,
and a power steering assembly operatively coupled to the steering linkage, the power
steering assembly comprising an electric motor and a gear box, the gear box comprising
an input shaft and an output shaft, the input shaft being operatively coupled to the
operator input steering portion, and the output shaft being operatively coupled to the

steering linkage, wherein the output shaft is supported both vertically and laterally at its
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free end by a support assembly, the free end of the output shaft comprises a bearing
and the bearing is fixed within an aperture integrated within the housing of the front
differential, the output shaft is configured to rotate relative to the bearing, the steering
linkage is positioned intermediate the output shaft and the support assembly, and a

lower portion of the output shaft is received within the steering linkage.

[0006b] In another embodiment, an all-terrain vehicle comprises: a frame defining
a first longitudinal axis and including longitudinally Spaced-apart ends, the frame
comprising: a frame front end portion; a plurality of wheels operably coupled to the
frame; a steering linkage operatively coupled between an operator input steering portion
and at least one of the plurality of wheels; and a power steering assembly operatively
coupled to the steering linkage, the power steering assembly comprising an electric
motor and a gear box, the gear box comprising an input shaft and an output shaft, the
input shaft being operatively coupled to the operator input steering portion, and the
output shaft being operatively coupled to the steering linkage, the output shaft being
supported at its free end, the free end of the output shaft being adjacent a bearing and a
bearing support flange being attached to the frame and supporting the output shaft
bearing, wherein the all-terrain vehicle is a four wheel drive vehicle and further
comprises front and rear differentials, and wherein the bearing support flange is provided

on the front differential.

[0007] The subject invention will now be described by way of the following

drawings, where:

[0008] Fig. 1 Is a perspective view of an ATV in accordance with illustrative

embodiments of the present invention.
[0009] Fig. 2 Is a left side view of the ATV shown in Fig. 1.

[0010] Fig. 3 Is a right side view of the ATV shown in Fig. 1.



CA 02724242 2010-11-12

WO 2009/151995 PCT/US2009/045900
-2
10011] Fig. 4 is a top plan view of the ATV shown in Fig. 1.
(0012} Fig. 5 is a bottom plan view of the ATV shown in Fig. 1.
[0013] -ig. © Is a side view of the frame of the ATV shown in Fig. 1.
(00141 Hig. 7 15 another perspective view of the frame of the ATV shown in Fig. 1.
10015] Fig. 8 is a right side view of an engine and {ransmission that may be used in

an ATV such as the one shown in Fig. 1.
(00161 Fig. 9 is a top view of an engine and transmission of Fig. 8.

(0017] Hig. 10 is a left-hand side perspective view of the suspension assembly,

without the power steering assembly in place.

(0018] Fig. 1118 a right-hand side perspective view of the power steering assembily

which may be incorporated into the frame of Fig. 10.

10019} Fig. 12 is g front perspective view of the power steering assembly of Fig.
1.
[0G207 ig. 13 18 a partially expioded front perspective view of the power steering

assembly of Figs. 11 and 12.

(0021] Corresponding reference characters indicale corresponding parts
throughout the several views. Although the drawings represent embodiments of the
present invention, the drawings are not necessarily to scale and certain features may be

exaggerated in order to betler illustrate and explain the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

100221} The embodiments disclosed below are not intended to be exhaustive or to
it the mvention to the precise forms disciosed in the following detailed description.
Rather, the embadiments are chosen and described so that others skilled in the art may

utihize their isachings. For example, while the following description refers primarily to an



CA 02724242 2016-01-08

all ferrain vehicle, it should be understood that the invention may have application to

other types of vehicies, such as snowmaobiies, moliorcycles, watercraft, utility vehicles,

scooters, golf caris, and mopeds.

{0023] Referring initially to Figs. 1-4, one illustrative embodiment of an ali
terrain venicle (ATV) 10 is shown. ATV 10 includes front end 11 supported by front
whneels 12 and tires 14, and rear end 13 is supported by rear wheels 16 and tires 18
ATV 10 further includes a straddle-type seat 20, rear panel 22 which may include a
toot storage compartment or rear rack, front panel 24 which may include a tool

storage compartment or front rack and handiebar assembly 26. Frontend 11 and

rear enda 13 are separated by footwells 28 on both lateral sides of ATV 10 and
separaled by seat 20. Front end 11 is also supported by front suspension 30.
Handlebar assembly 26 is operably coupled to front wheels 12 to aliow a rider to
steer ATV 10 when supported by seat 20 and/or footwells 28. Front panel 24 and

rear panel 22 may also include an accessory coupling system such as the one
disclosed in U.S. Patent No. 7,055,454.

(0024} Referring now to Figs. 5-7, ATV 10 includes frame 50 defining a
longitudinal axis 51 (Figs. 5 and 8) and which includes front portion 52, middie
portion 54, and rear portion 56.  As shown in Fig. 6, front portion 52 and rear
portion 52 of frame 50 are angled upwardly to provide additional ground clearance to

front end 11 and rear end 13 of ATV 10. As shown in Figs. 6 and 7, front portion 52

inciudes lower frame tubes 60 having brackets 62 for mounting the front differential
thereto. Front portion 52 further includes two pair of upstanding tube pairs 64 and

06, connecior tubes 68, having cross brackets 70 mounted between cross tubes 88,

(0025] Figs. 8 and 8 are an illustrative side and top views of engine 72 and
transmission 74 of ATV 10, respectively. Engine 72 is positioned adjacent front end
11 of ATV 10. Transmission 74 is illustratively coupled directly to engine 72 in the

manner detailed herein. Transmission 74 provides power to front differential 80
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through front transmission shaift €1 and o rear differential 78 through rear
fransmission shaft 83, Front differential 80 powers front axie 84, whereas rear
differential 78 powers rear axle 86. As best shown in Fig. 9, differential 80 includes

a mounting flange 90 having an internal bore 92 and mounting holes 94, which will

be described in greater detail herein,

(0026] Referring now (o Fig. 10, front end 11 and front suspension 30 of ATV
10 are shown. Front suspension 30 includes upper and lower control arms,
Hlustratively A-arms 100 and 102, on each side of ATV 10. Upper A-arms 100 are
coupied on one end al upper inner pivot couplings 104 to bracket portion 106 of
bracket 70. Lower A arms 102 are coupled on one end at lower inner pivol couplings
110 to brackets 62 of froni poriion 52 of frame 50. Upper A arms 100 also include
brackets 120 which are coupled {0 shock absorbers 122. Shock absorbers 122

dampen {he upward and gownward travel of frame 50 relative (o wheels 12, 10

provide a comfortable ride to the rider of ATV 10.

[0027] Front axies or half shafis 84 extend from front differential 80 to drive the
iront wheeis of ATV 10, Each half shaft 84 is operably coupled to a wheel 12. In
this illustrative embodiment, ATV 10 is four-wheel drive. As such, front axles 84 are
rotated by front differential 80 to power front wheels 12, and rear axles 86 are

rolated by rear differential 78 to power rear wheels 18.

[0028] -ront suspension 30 and rear suspension 210 may include certain
elements of the Predator™ brand ATV and the Qutlaw™ brand ATV, both available
from Polaris Industries, the assignee of the present disclosure. Details of the

Predator™ brand ATV suspension are disclosed in U.S. Patent No. 8,767,022, 1J.S.

Patent No. 7,000,931, and U.S. Patent No. 7,004,484. Details of the Qutlaw™ brand
ATV suspension are disclosed in U.S. Patent Application Serial No. 11/528,889, filed
September 27, 2006, and U.S. Patent Application Serial No. 11/543,430, filed October 5

2006, both of which claim the benefit of U.S. Serial No. 60/813,597, filed February 1,
2006.
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(002381 With respect now to Figs. 11-13, the power steering assembly 20 will be

described in greater detail. Steering assembly 26 is comprised of an upper sieering

shaft 130 attached to a power steering unit 132. Power steering unit 132 is attached

by way of a bracket assembly 134 to connecting iubes 68. Brackets could be

connected by any known means, but it is anticipated that bracketls 134 are welded {0
fubes 68 at joints 136 (Fig. 12). As shown best in Fig. 13, power sieering assembly
132 is comprised of an electric motor 140 and a gear box 142 where steering shaft
130 is splined to an upper spline 143 and a lower spline 144 of gear box 142 1s
connected o a lower steering linkage assembly 146. Lower sieering linkage 146 is

attached 1o bracket assembly 134 by way of a further interconnecting bracket 148.

[0030] With more particularity, and with reference to Figs. 14 and 13, bracket
assembply 134 1s comprised of upper bracket portions 150 and lower bracket portions
152. Upper bracket portions 150 are atlached to gear box 142 by way of fasieners
154 which extend through threaded bosses 156 on gear box 142, kEach upper
bracketl portion 150 inciudes a plate portion 160 for mounting adjacent to lower
pracket portions 152. Meanwhile lower bracket portions 152 include plate portions

170 which receive therethrough fasteners 172 which couple with fasteners 174. As

shiould be appreciated, coupling fasteners 172 through plate portion 170 and plate
porfion 100 to fasteners 174 rigidly fixes gear box 142 and motor 140 to the frame

tubes 60, just above tubes 68. This positions the power steering assembly generally

above the tubes and the upper A-arms 100, with a portion extending below the A-

arms 100.

[0031] With reference still to Figs. 12 and 13, lower steering linkage assembly
146 Is also nigidified by way of attachment to both the front differential 80 and to
frame tubes 68. With reference first to Fig. 13, lower steering linkage assembly 146

is comprised of an upper splined coupler 180 attached to a stub shaft 182. Stub
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shaft 182 is rigidly fixed to rotatable coupler 184 which is comprised of Pitman arm
186 and a stop member 188 which rotales clockwise and counierclockwise between
exireme positions. Assembly 146 also includes a bearing cap 180 which is profiied
o be received over flange 80 of front differential 80. Bearing cap 190 is conioured
with the shape of flange Q0 (see Fig. 9 and 13) and bearing cap 190 is fixed reialive
to flange 90 during operation of the power sieering unit as further described herein.
The free end of stub shaft 182 is provided with a bearing 182 which rofates with stub
shaft 182 and is profiled {0 be received within aperture 92 {see Fig. 9) at the top of

the front aifferential 80 within a bearing sleeve {(not shown).

[0032] Lower steering assembly 146 15 also attached {0 the front differential g0
and to the lower brackets 170 of bracket assembily 134 by way of interconnecting
bracket 148. Interconnecting bracket 148 includes L-shaped bracket members 200
with fasieners 202 exiending through bearing cap 180 and into aperiures 84 (Fig. )
on the top front aiffierential 80 as best shown in Figs. 12 and 13. Meanwhile
fasieners 210 exiend through an aperture 212 of lower arms 214 (which extend from
lower brackets 170} which in turn correspond with fasteners 216. As mounted,
power steering unit Is held in the vertica!l sense and later sense by bearing 192 in

aperture 92; and in g lateral sense by bracket assembly 148 attachad to bracket

assemuply 134,

100333] While multiple power steering units are possible, as defined herein, the
unit is provided by Globe Industries, and preferably has an output torque greater that

50 N-M, and more preferably approximately 50 N-M.

[0034] The scope of the claims should not be limited by the preferred

embodiments set forth above, but should be given the broadest interpretation consistent

with the description as a whole.
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What is claimed is:

1. A four wheel all-terrain vehicle comprising:

a frame defining a first longitudinal axis and including longitudinally spaced-
apart ends;

a plurality of wheels operably coupled to the frame;

a front differential having a housing and operably coupled to a front portion of
the plurality of wheels; and

a rear differential having a housing and operably coupled to a rear portion of
the plurality of wheels,

the frame comprising a frame front end portion, a steering linkage operatively
coupled between an operator input steering portion and at least one of the plurality of
wheels, and a power steering assembly operatively coupled to the steering linkage,
the power steering assembly comprising an electric motor and a gear box, the gear
box comprising an input shaft and an output shatft, the input shaft being operatively
coupled to the operator input steering portion, and the output shaft being operatively
coupled to the steering linkage, wherein the output shaft is supported both vertically
and laterally at its free end by a support assembly, the free end of the output shaft
comprises a bearing and the bearing is fixed within an aperture integrated within the
housing of the front differential, the output shaft is configured to rotate relative to the
bearing, the steering linkage is positioned intermediate the output shaft and the
support assembly, and a lower portion of the output shaft is received within the

steering linkage.

2. The all-terrain vehicle of claim 1, wherein the aperture is located at the top of

the front differential housing.

3. The all-terrain vehicle of claim 1 or 2, wherein the support assembly further
comprises a bearing cap which at least partially surrounds the bearing, and is fixed to

the top of the front differential housing.

4. The all-terrain vehicle of claim 3, wherein a Pitman arm is attached to the

output shaft, above the bearing cap.

5. The all-terrain vehicle of claim 3 or 4, wherein the top of the front differential is

provided with a flange, profiled to receive the bearing and the bearing cap.
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0. The all-terrain vehicle of any one of claims 3 to 5, wherein the support

assembly further comprises a first bracket assembly for attaching the power steering

assembly to the frame.

7. The all-terrain vehicle of claim 6, wherein the support assembly further

comprises a second bracket assembly attached to the bearing cap and to the first

bracket assembly, laterally supporting the output shatft.

3. An all-terrain vehicle comprising:
a frame defining a first longitudinal axis and including longitudinally spaced-
apart ends, the frame comprising:
a frame front end portion;
a plurality of wheels operably coupled to the frame;
a steering linkage operatively coupled between an operator input
steering portion and at least one of the plurality of wheels; and
a power steering assembly operatively coupled to the steering linkage,
the power steering assembly comprising an electric motor and a gear box, the gear
box comprising an input shaft and an output shaft, the input shaft being operatively
coupled to the operator input steering portion, and the output shaft being operatively
coupled to the steering linkage, the output shaft being supported at its free end, the
free end of the output shaft being adjacent a bearing and a bearing support flange
being attached to the frame and supporting the output shaft bearing,
wherein the ali-terrain vehicle is a four wheel drive vehicle and further

comprises front and rear differentials, and wherein the bearing support flange is

provided on the front differential.

9. The all-terrain vehicle of claim 8, wherein the bearing is attached to the free
end of the output shaft, the bearing is held by the bearing support flange, and the

output shaft rotates relative to the bearing.

10.  The ali-terrain vehicle of claim 9, wherein the bearing support flange
comprises an aperture and the bearing and the output shaft are held fixed within the

aperture.
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11.  The all-terrain vehicle of claim 10, wherein the aperture is located at the top of

the front differential housing.

12.  The all-terrain vehicle of claim 11, wherein the support assembly further

comprises a bearing cap which at least partially surrounds the bearing, and is fixed to

the bearing support flange.

13.  The all-terrain vehicle of any one of claims 8 to 12, wherein the output shatft is

supported both vertically and laterally.

14.  The all-terrain vehicle of any one of claims 8 to 13, wherein the output torque

on the output shaft is at least 50 Nm.

15.  The all-terrain vehicle of any one of claims 8 to 13, wherein the output torque

on the output shaft is approximately 60 Nm.
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