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(57) ABSTRACT

A tilting, preferably three-wheeled, vehicle 1s disclosed that
has a tilting mechanism and a umiversal steering linkage that
allows the vehicle to have leaning and steering characteris-
tics substantially similar to those offered by an m-line two-
wheeled vehicle, but that does not require complex linkages
and/or control systems to operate effectively. A tilting link-
age 1s operably secured to a frame to allow a pair of spaced
apart wheels to remain substantially aligned with the plane
of the vehicle throughout its range of movement while still
providing an mcreasing camber between the wheels as tiling
of the vehicle increases. A tilting lock system may be pro-
vide to limat tilting of the vehicle upon predetermined cri-
teria.
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TILTING WHEELED VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Thas application 1s a continuation-in-part of U.S.
Application No. 14/589,734 filed Jan. 5, 2015, which 15 a
continuation of U.S. Application No. 13/460,282, filed

Apr. 30, 2012; which 1s a continuation of U.S. Application
No. 13/235,344. filed Sep. 16, 2011; which claims the ben-

efit of U.S. Provisional Application No. 61/838,636, filed on
Sep. 16, 2010, all of the disclosures of which are hereby
incorporated by reference. This application also claims
priority to U.S. Provisional Pat. applications Nos. 62/
239.898: 62/239 900; and 62/239.903, all filed on October
10. 2015, and all the disclosures of which are hereby incor-
porated by reference.

FIELD OF THE INVENTION

[0002] This invention relates to wheeled vehicles such as
motorcycles and the like. More particularly, this mvention
relates to a stable, preferable three-wheeled vehicle that
offers maneuverability characteristics that are substantially
similar to those of an m-line, two-wheeled vehicle.

BACKGROUND OF THE INVENTION

[0003] Unlike a typical three and four wheeled vehicles,
in-line, two-wheeled vehicles, such as motorcycles,
bicycles, and the like, allow a rider to lean or tilt while turn-
ing without urging the rider toward the outside of the turn.
Instead, the rider of the in-line two-wheeled vehicle 1s
pushed straight down 1nto the seat as the free leaning motor-
cycle balances the vertical gravity vector with the horizontal
vector created by going around a corner. The faster the rider
goes around a corner, the more the In-line two-wheeled
vehicle needs to lean.

[0004] DBut two-wheeled mn-line vehicles are limited by
only having one¢ front tire as well as having the nider sitting
high on the vehicle. The one front tire limits the amount of
braking and amount of traction that can be achieved.
[0005] Efforts to apply tilting characteristics to three and
tour-wheeled vehicles have had limited success. Examples
of such vehicles and their lhimmitations are discussed In
oreater detail in an article titled “Some Technical Aspects
of Tilting Trikes,” by Tony Foale, B. Tech, M.Eng.Sc.
dated Mar. 21, 1999, the disclosure of which 1s hereby incor-
porated by reference.

[0006] In general, these known tilting three-wheeled vehi-
cles are limited by not allowing proper tilt of the vehicle,
complex tilting structures that require excessive user mter-
action, and/or requiring complex controlsystems to operate
eltectively.

SUMMARY OF THE INVENTION

[0007] Despite the available three-wheeled vehicles, there
remains a need for a three-wheeled vehicle that allows lean-
ing and steering substantially similar to that offered by an
In-line two-wheeled vehicle, but that does not require com-
plex linkages and/or control systems to operate effectively.
In addition to other benefits that will become apparent 1n the
following disclosure, the present immvention fulfills these
needs.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 1s a rear, right, 1sometric view of a tilting
three-wheeled vehicle 1n accordance with an embodiment
of the present invention.

[0009] FIG. 2A Is a front, plan view of the tilting three-
wheeled vehicle of FIG. 1 showing a possible straight posi-
tion of the vehicle and the front wheels aligned to urge the
vehicle In a straight direction.

[0010] FIG. 2B 1s a front, plan view of the tilting three-
wheeled vehicle of FIG. 1 showing a possible leaning posi-
tion of the vehicle with the front wheels aligned to urge the
vehicle 1n a straight direction

[0011] FIG. 3 15 a front, plan view of the tilting three-
wheeled vehicle of FIG. 1 showing a possible leaning posi-
tion of the vehicle and the front wheels turned to define a
possible right turn.

[0012] FIG. 4 15 a partial, enlarged, 1sometric view of the
right wheel assembly of the tilting three-wheeled vehicle of
FIG. 1.

[0013] FIG. 5 15 a front, 1sometric view of an alternative
limkage for use on a tilting three-wheeled vehicle m accor-
dance with an embodiment of the present invention.

[0014] FIG. 6 1s a left, 1sometric view of the alternative
linkage of FIG. 5 showing a possible orientation on a motor-
cycle chassis shown 1n broken lines.

[0015] FIG. 7 1s a schematic diagram of a possible tilt-
locking control logic 1n accordance with an embodiment of
the present Invention.

[0016] FIG. 8 15 a partial top, right 1sometric view of the
front end of a tilting three-wheeled vehicle 1n accordance
with alternative embodiment of the present invention.
[0017] FIG. 9 1s a front view of the tilting three-wheeled
vehicle of FIG. 8.

[0018] FIG. 10 1s a bottom view of the tilting three-
wheeled vehicle of FIG. 8

[0019] FIG. 11 1s a partial front view of the tilting three-
wheeled vehicle of FIG. 8 showing a possible tilted position
of the vehicle.

[0020] FIG. 12 Is a top view of the tilting three-wheeled
vehicle of FIG. 8.

[0021] FIG. 13 Is an enlarged, 1sometric view of a steering
system universal joint 1nstalled on the tilting three-wheeled
vehicle of FIG. 8 and 1n accordance with an embodimment of
the present mvention.

[0022] FIG. 14 1s an exploded, 1sometric view of the steer-
ing system universal joint of FIG. 13.

[0023] FIG. 15 1s a rear, right 1sometric view of the three-

wheeled vehicle of FIG. 8.

[0024] FIG. 16 1s a front view of the three-wheeled vehicle
of FIG. 8 showing a possible tilted position of the vehicle.
[0025] FIG. 17 1s a front, right view of the three-wheeled
vehicle of FIG. 8 showing a possible fender and front end
cover arrangement.

[0026] FIG. 18 1s a front, left 1sometric view of the three-
wheeled vehicle of FIG. 8 showing a possible hydraulic disk
tilt lock structure.

[0027] FIG. 19 1s an exploded for of an alternative possi-
ble unmiversal joint 1 accordance with an embodiment of the
mvention.

[0028] FIG. 20 1s an enlarged partial 1sometric view of the
alternative embodiment steering system incorporating the
universal joint if FIG. 19.
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[0029] FIGS. 21 A-C s a flow chart of a possible tilt lock
control logic mn accordance with an embodiment of the pre-
sent mvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0030] A tlting three-wheeled vehicle 10 with an
improved pivoting pair of spaced-apart steering wheels
12a, 126 operably secured thereto with a tilting linkage 14
extending between the steering wheels 12a, 126 and the
vehicle 10 1s disclosed 1n FIG. 1-21C. A first preferred tilt-
ing linkage 14 1s shown m FIGS. 1-4, and a second pretferred
tilting linkage 14' Is shown m FIGS. 5 & 6, and a third pre-
ferred linkage with optimized suspension 1s shown m FIGS.
8-18. In addition, a preferred tilting lock mechanism (FIG.
18) and related control logic (FIGS. 7 & 21A-C) 15 dis-
closed, and a steering yoke that allows the wheels to be
steered throughout the complete tilting range of motion of
the vehicle 1s disclosed In FIGS. 13-15 & 19-20. The dis-
closure embodiments also allows the caber between the left
and right wheels of the tilting vehicle to proportionally
increase as the vehicle leans, thereby optimizing stability,
control, and the feel of the vehicle. Each of these embodi-
ments and features 1s discussed 1n greater detail below and/
or 1 the materials incorporated by reference.

[0031] Retferring to FIGS. 1-4, the vehicle 10 replaces the
front wheel of a two-wheeled in-line vehicle with a the pair
ol substantially parallel-aligned wheels 12a, 125 jomned to
the vehicle 10 by a linkage 14 that tilts each wheel 12q, 125
substantially similar to the t1lt of the vehicle 10 during use.
[0032] In one disclosed embodiment best shown m FIG.
2A, the linkage 14 has an upper and lower spaced-apart and
substantially elongate cross members 20. 22, respectively,
that are each pivotally secured to the front of the vehicle at
respective pivots 24, 26. The upper and lower spaced apart
cross-members 20, 22, are substantially parallelly aligned,
with the pivots 24, 26 tor each cross-member being substan-
tially aligned on the steering axis 30 of the vehicle 10.
[0033] Auxihary steering shafts 32, 34, which are also
referred to as *“kingpins” herein, are operably secured to
the distal ends of each respective cross member defining a
lett steering shaft 32 extending between the left distal ends
40 of the upper and lower cross-members 20, 22 and a right
steering shatt 34 extending between the right distal ends 42
of the upper and lower cross-members 20, 22. The left and
right steering shatts 32, 34 are substantially parallelly
aligned with each other and the steering axis 30 of the veha-
cle and have substantially the same caster angle 50 (FI1G. 4).
[0034] In one embodiment, the king pins preferably do not
o0 through the center of thewr respective wheel axis but
rather are set back toward the rear of the vehicle approxi-
mately 2.5 inches to allow the contact patch of the tire to be
shightly behind an imaginary line that goes down the center
of the king pin. Alternatively, no offset need be provided so
long as each wheel’s caster angle 50 (FIG. 4) Is adjusted
accordingly.

[0035] Each wheel 12a, 126 of the pair of wheels 12 Is
operably secured to one of the steering shafts 32, 34. The
left wheel 125 1s operably secured to the left sheering shatft
32 and the right wheel 12a 1s operably secured to the right
steering shait 34 so as to allow each wheel 12a, 125 to turn
about 1ts respective steering axis B, C. Accordingly, the
steering axes B & C of the left and right wheel 12a, 125
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are substantially parallelly aligned with the steering axis
30 of the vehicle 20 and each wheel 124, 125 1s able to
turn about 1ts respective steering shatt 32, 34. More preter-
ably, each steering shaft 32, 34 1s aligned so that 1ts respec-
tive steering axis B, C 1s comcident with a substantially ver-
tical plane 200, 202 mtersecting the longitudinal center 204.
206 of the respective wheel as best shown 1n FIG. 2A.
[0036] Preferably, the handlebars 60 of the vehicle 10
operably engage a primary steering shaft 62 (FIG. 3),
which defines the steering axis 30 of the vehicle. A first tie
rod 64 ¢xtends from a lower portion of the steering shatt 62
to the right wheel 12a, and a second tie rod 66 extends from
the right wheel 12a to the left wheel 125 as shown. Accord-
ingly, when a rider turns the handlebars 60, the steering shatft
62 rotates 1n the commanded direction thereby urging the
first tie rod 64 to turn the right wheel 12a about the right
steering shaft 34. The second tie rod 66 simultancously
urges the left wheel 125 to pivot 1in the same commanded
direction about the left steering shaft 32. Accordingly, 1t can
be appreciated that the vehicle may be steered m substan-
tially the same manner as a conventional in-line two-
wheeled vehicle.

[0037] Pretferably and referring to FIGS. 2A & 4, a sus-
pension system 70, such as a spring 72 and/or dampener
71, operably engage each wheel 124, 1256 as shown. An
alternative preferred linkage system with suspension system
70' 1s shown 1n FIGS. 14-30. An upper pivot trame 24 and
lower pivot trame 26 are aligned along the steering axis 30
of the vehicle. Cross members 20a, 20b, 22a, 225b, extend
from the upper and lower pivot frames to their respective
wheels 12a, 126 as shown. A lower suspension frame 1s
pivotally secured to the lower pivot frame and a C-shaped
suspension support straddles the upper pivot frame and 1s
pivotally secured to the lower suspension support. Suspen-
sion elements, such as a spring and/or dampener extend
from the C-shaped suspension support to suspension mounts
at each wheel 12a, 12b. Accordingly, the suspension ¢le-
ments remain 1n their neutral positions throughout the tilting
and turning range of motion of the vehicle as best shown In
FIGS. 28, 3, 11, and 16.

[0038] More preferably, the steering system components
are configured so as to provide conventional Ackermann
steering. Referring to FIGS. 13-15 a universal joint steering
yoke 250 operably connecting a steering shatt 62 (FIG. 15)
to the wheels (12a, 125) with tie rods (64a, 645). This joint
allows each front wheel to be steered by the handlebar with-
out compromising steenng feel or force on the rider through-
out the entire tilting range of motion of the vehicle.

[0039] Alternatively, a umiversal joint as shown in FIGS.
19 & 20 may be used. A discussion of 1ts assembly, use and
operation 1s provided m Attachment A to U.S. Provisional
Pat. Application No. 62/239,898, filed Oct. 10, 2015, the
disclosure of which 1s hereby incorporated by reference.
The tollowing coordinate system facilitates this discussion.
Axis X 1s defined down the centerline of threaded rod as
well as down the centerline of Aurora AM-8T Rod End.
Axis Y 1s defined down the centerline of bearing through
pinch washer, and Axis Z 1s defined down the centerline of
button head bolt and 0.875 bearing.

[0040] The threaded rod 1s attached to the proximal end
the right steering tie rod. Right bemng defined as the rider’s
right when seated on the bike. The distal end of the right
steering rod 1s connected to the right wheel hub assembly.
The Aurora AM-8T Rod End 1s attached to the proximal end
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of the left steering tie rod. The distal end of the left steering
tie rod 1s connected to the left wheel hub assembly. A bolt 1s
ooes through bearing and connects the whole steering joint
to a steering knuckle.

[0041] The steering joint allows both the left and right tie
rods to mdependently pivot about both the 7Z & Y axes. The
tie rods pivot about the Y-axis to allow for suspension travel.
The tie rods pivot about the Z-axis to allow for steering. At
the same time, the whole joint 18 able to pivot about the Y
ax1s to allow for the vehicle to lean while not atfecting either
the steermg or the suspension travel. With the tie rods posi-
tioned as shown m the FIG. 20, when the steering 1s turned
to the left, the left tie rod travels a shorter distance than the
right tie rod because 1s traveling through a shorter arc. This
causes the left wheel to turn less than the right wheel. This 1s
the opposite steering effect desired when you are trying to
achieve the proper Ackermann’s steering which wants the
inside wheel (left 1 this case) to turn more than the outside
wheel (right 1 this case). Our knuckle keeps those distances
the same and allows you to achieve proper Ackermann’s
geometry by the positioning of the distal tie rod end on the
spindle housing.

[0042] With the tie rods positioned as shown 1n the FIG.
20, when the steering 1s turned to the left, the left tie rod
travels a shorter distance than the right tie rod because 1s
traveling through a shorter arc. This causes the left wheel
to turn less than the right wheel. Thais 1s the opposite steering
effect desired when you are trying to achieve the proper
Ackermann’s steering which wants the mside wheel (left
in this case) to turn more than the outside wheel (right 1
this case). Our knuckle keeps those distances the same and
allows you to achieve proper Ackermann’s geometry by the
positioning of the distal tie rod end on the spindle housing.
[0043] The steering joint also allows for almost zero bump
steer with our tilting front end geometry since the tie rod 1s
pivoting about the same central axis as the upper and lower
a-arms.

[0044] This steering knuckle may also be used 1n a slightly
different configuration as a jomnt similar to a U-joint but
allow for a higher angle of power transfer. The power
could be one side of the Axis X (like the threaded rod m
our example) and the power out would be the opposite
side of Axis X (like the Aurora AM-8T Rod End (7) 1n our
example). The axes Y and Z would be unconstrained.
[0045] The present mmvention allows a three-wheeled vehi-
cle to lean substantially similarly to an m-line two-wheeled
vehicle. Referring to FIGS. 2A, 28 and 3, when the steering
ax1s 30 of the vehicle 1s aligned substantially vertically as
shown 1n FIG. 2A, both the left wheel 126 and right wheel
12a are aligned substantially vertically. However, during
turning operations, such as a right turn shown in FIG. 3,
when the vehicle naturally leans mto the turn, the left and
right wheels also lean by substantially the same amount.
Referring to FIG. 28, a lean to the right will also cause the
left and night wheels to lean right by substantially the same

amount.
[0046] Reterring to FIGS. 5 & 6, an alternative preferred

tilting linkage 14' 1s disclosed. In order to reduce undue
repetitio,. like elements between this embodimment and the
previously disclosed tilting linkage 14 are like numbered.

[0047] 'The alternative preferred linkage 14' of FIGS. § &
6 preterably has a pair of upper cross members 20a, 206 and
a vertically spaced apart pair of lower cross members 22a,
225 respectively. Each cross member 20a, 205, 22a, 22¢ 18
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pivotally secured to the front of the vehicle at respective,
substantially horizontal, pivot shatts 24'. 26'. Namely,
cross members 20a, 200 are pivotally secured to pivot
shatt 24' and lower cross members 22a, 225 are pivotally
secured to pivot shatt 26'. The pivot shatts 24", 26" are posi-
tioned substantially vertically with respect to each other
along the steering axis 30 and spaced apart from each
other as best shown 1 FIG. 5. Accordingly, the distal ends
of upper cross member 20a and lower cross member 22a
move substantially In the directions of arrow 100 and the
distal ends of upper cross member 206 and lower cross
member 226 move substantially 1n the directions of arrows

102 as the steering shaft tilts about arrow 104.
[0048] Auxilhiary steering shafts 32, 34. which are also

referred to as “kingpins” herein, are operably secured to
the distal ends of each respective cross member defining a
left steering shaft 32 extending between the left distal ends
40 of the upper and lower cross-members 205, 225 and a
right steering shaft 34 extending between the distal ends
40 of the upper and lower cross-members 20a, 22a. The
left and right steering shafts 32, 34 are substantially paral-
lelly aligned with each other.

[0049] If desired, the caster angle 50 (FIG. 4) of the left
and right steering shafts 32, 34 can differ from the caster
angle of the steering axis 30. More preferably, the castor
angle 50 of the left and night steering shafts 32, 34 Is
selected so that there 18 about a 2.5 mch to 3.5 inch trail,
defined as the distant between the contact patch of the
respective wheel 12a, 126 with the ground and the contact
point with the ground of an imaginary line extending from
the respective steering shaft 32, 34. More preferably, the
trail for each wheel 12a. 126 1s about 3 inches. It can be
appreciated that since the steenng axis 30 Is separate from
the kingpins, any steering axis angle may be used to opti-
mize driver handlebar positioning while still allowing for
the optimizing each wheel’s caster angle.

[0050] Each wheel 12a, 125 of the pair of wheels 12 1s
operably secured to one of the steering shafts 32, 34. The
left wheel 125 1s operably secured to the left sheering shatft
32 and the nght wheel 12a 1s operably secured to the right
steering shaft 34 so as to allow each wheel 12a, 125 to turn
about Its respective steering axis B, C. Accordingly, the
planes of the left and right wheel 12q, 125 are substantially
parallelly aligned with the steering axis 30 of the vehicle 20
and each wheel 12a, 125 1s able to turn about 1ts respective
steering shait 32, 34.

[0051] Preferably, the handlebars 60 of the vehicle 10
operably engage a primary steering shatt 62 (FIG. 5),
which defines the steering axis 30 of the vehicle. A first tie
rod 64a extends from a lower portion of the steering shaft 62
to operably engage the right wheel 12a, and a second tie rod
64H extends from the lower portion of the steering shaft 62
to operably engage the left wheel 125 as shown. Accord-
ingly, when a nider turns the handlebars 60, the steering
shatt 62 rotates 1n the commanded direction thereby urging
the first tie rods 64a, 64b to turn their respective wheels 1n
the commanded direction. Accordingly, 1t can be appre-
ciated that the vehicle may be steered in substantially the
same manner as a conventional in-line two-wheeled vehicle.
[0052] Preferably and referring to FIGS. 5 & 6, a suspen-
sion system 70, such as a spring 120 and/or dampener 122,
operably engages the linkage 14'. More preferably, the
spring 120 and dampener 123 are pivotally secured to both
the left and night portions of the linkage 14' at pivots 114,
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112, respectively as shown. Accordingly, both the left and
right portions of the linkage 14" are mdependently movable
in the directions of arrows 102, 100, respectively, while also
being urged to a neutral, substantially horizontal configura-
tion with respect to each other.

[0053] More preferably, the tie bars 64, 66 are sized to as
to allow the outer wheel 1n a given turn to turn slightly less
in the commanded direction than the mner wheel of the turn.
[0054] Retferring to FIGS. 8-12 and 15 and 16, an alterna-
tive linkage structure providing constant dampening suspen-
sion force throughout the entire tilting range of motion of
the vehicle 1s shown. A ¢c-shaped member straddles the veha-
cle frame and operably connects left and right suspension
elements 210 to the wheels 12a, 125. This orientation allows
the force on the suspension elements 210 to remain constant
when the vehicle 15 tilted as shown 1n FIG. 16 or standing
straight up as shown 1n FIG. 9, and with the wheels 12q, 125
turned as shown 1n FIG. 18 or pomting straight as shown 1n
FIG. 9.

[0055] The disclosed embodiments allow positioning of a
driver low 1n the vehicle 10 behind the engine. Pretferably,
placing the engine to the rear would create a vehicle too
light In the front where most of the braking occurs and
would can make the vehicle prone to oversteering 1ssues
which would lead to spin outs. Placing the motor 1n the
front would most likely lead to an understeering vehicle,
which would be a sater situation when driving at the vehi-
cle’s limiats. Lowering of the vehicle’s center of gravity Is
universally seen as desirable and reduces the chance of the
vehicle tlipping over which 1s very difficult to do on a
motorcycle or like vehicle unless the wheels encounter
some non-movable object such as a curb or rock. This char-
acteristic 1s known by motorcyclists as “highsiding” and
tends to sling the rider up over the top of their bike. Low-
ering the vehicle’s center of gravity will allow the vehicle to
shift from a lett to right turn faster than a smmilar vehicle
with a higher center of gravity.

[0056] This three-wheeled vehicle 10 of the present mnven-
tion allows 1t to steer and maneuver like a conventional h-
lime two-wheeled vehicle but have better braking and trac-
tion capabilities. With the driver sitting low 1 the vehicle
like In a sports car, he would not have the uncomfortable
feeling of being tossed left or nght when cornering hard.
[0057] There are two ways to achieve a leaning vehicle.
One way 1s to have the vehicle “free lean™ such as a motor-
cycle where the steering 1nput 1s the only force needed to
create the lean. A free leaning vehicle needs to be able to
lean at up to a 45-50 degree angle to allow for a maximum
lean required during a fast tight turn. If the free leaning veha-
cle 1s mechanically challenged 1n that 1t cannot achieve such
a lean without part of the chassis hitting the pavement or
some binding occurring 1n the leaning mechanism, then the
forces are not adequately balanced and the driver begins to
teel the force of being toss to the outside. This also causes
the force on the tires to no longer be straight down and can
cause the vehicle to slide as motorcycles do not have much
ol a contact patch on the pavement and are not designed to
handle side load forces.

[0058] The other way to achieve a leaning vehicle relies
on complex control systems such as computer mnput from
steering sensors to command hydraulic actuators as needed
to force the vehicle to lean.

[0059] The present invention relies on a free leaning
design. It has been designed to have no clearance Issues up
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to 45 degrees so 1t should be able to lean up to all angles
required by the driver regardless of speed or sharpness of
turn. It will steer like a motorcycle and require use of coun-
ter steering to control. This method of steering 1s familiar to
all motorcyclists who are able to switch back and forth
between steering a car and a motorcycle with no confusion.
Anyone truly wanting to learn to drive a motorcycle 1s not
put ott by the fact that 1t steers ditferently than a car. In fact,
many motorcyclists do not even realize that they are using
counter steering to control their bike and just do 1t mtui-
tively. People who have not driven motorcycles betore
may find the vehicle difficult to control until they learn
how to steer 1t properly.

[0060] The preferred embodiment of the present invention
1s also far less expensive and complicated to manufacture
than any forced leaning vehicle.

[0061] With Increased up front traction and braking cap-
abilities of a motorcycle combined with a lower center of
gravity than a motorcycle offered by at least one embodi-
ment of the present Invention, the vehicle of the present
mvention will outperform motorcycles with the same size
engine despite being slightly heavier due to the additional
steering linkage and additional wheel.

[0062] Known tilting vehicles muslocate the kingpins
which are offset toward the center of the vehicle similar to
how an automobile’s steering 1s built. By centering the king-
pin left to right mside the wheel of a motorcycle type tire
and rim and bringing the kingpin inclination angle (or
known as Steering Inclination angle (SIA) or Steering
Axis Inclination (SAI)) to 0 degrees, the present invention
achieves a substantially O scrub radius when the vehicle 1s
tracking In a straight line which 1s substantially similar to
how a motorcycle’s steering works. The scrub radius will
then shift from positive to negative as the vehicle leans
with one side being positive and the other being negative

at the same lean angle.
[0063] The castor of the kingpins can also mmmic that of a

motorcycle and be 1n the range of 24-30 degrees. Sport
motorcycles have a smaller castor angle while “choppers™
have a lot more. The first disclosed embodiment has a mid-
dle of the range 27 degrees. The second disclosed embodi-
ment has a preferred castor angle of about 15 degrees. Of
course, other caster angles could be used depending on a
particular application.

[0064] The camber 1s preferably set up to be slightly posi-
tive. Accordingly, the mside tire preferably leans slightly
more smce It Is following a smaller radius. While traveling
straight ahead, both tires will want to pull slightly to the
outside but their forces should offset each other. At slower
speeds (1.e. 1-5 mph), the rider will turn the steering to the
right In order to turn the vehicle night. At speeds higher than
that the effect of counter steering kicks 1n and the rider must
turn the steering to the left i order for the vehicle to go to
the right.

[0065] More preferably, the linkages and theiwr related
mounting locations to the frame and left and right wheels
are positioned so as to allow the camber between the lett
and right wheels to increase proportionally to the amount
of tilt of the vehicle. This concept 1s discussed more fully
in U.S. Provisional Pat. Application No. 62/239,905, filed
on October 10. 2015, the disclosure of which 1s hereby
incorporated by reference.

[0066] The base concept of this proportionally increasing
camber concept 1s similar to how Ackermann’s steering
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works to give the proper steering angle to the two front
wheels of a vehicle that always stay straight up and down.
In addition to following Ackermann’s steering principles,
proportionally increasmng the camber allows for proper
lean angles so that the two wheels 1n the front of a vehicle
achieve proper leaning angles while going around a corner.
[0067] 'Tilting vehicles need something similar to Acker-
man’s steering principle to allow the mside wheel to lean at
more of an angle as the vehicle leans while going around a
corner. A vehicle with a two wheeled tilting front end does
not steer around a corner but actually turns by leaning and
riding on the smaller radius of the curved tires diameter. As
the vehicle goes down the road 1n a straight line, 1t 1s 1deal to
have the two front wheels parallel. The wheels will have O
toe and O camber as the vehicle corners, it 18 1deal to have
the 1nside wheel lean at more of an angle as 1t 1s following a
tighter corner radius as compared to the outside wheel.
Again, very simmilar to Ackerman’s steering but apphed to
a leaning vehicle. In our example shown below on our tilting
three wheeler, at 0 degree lean angle, Y 1s 0". At 45 degrees
of lean angle, Y may be 0.25". X 1s approximately 36". The
proper set-up allows Y to increase shightly as the vehicle
leans. In other words, the geometry allows the camber to
proportionally increase as the vehicle leans. If you do not
have the correct geometries set to allow this difference, the
wheels will scrub and cause premature wear on the tires. By
allowing the tires to follow the natural lines that they want to
follow, the tires wear evenly. The correct geometry 1s
achieved by using our soon to be patented steering joint
and positioning the tie rods m the appropriate position on
our hubs located on the centerline of the wheel. By properly
joimning the tie rods to the hubs, the vehicle can achieve
proper Ackermann’s steering at slow speeds when the
wheels are not leaned over and the proper geometry that
allows the mside wheel to lean more than the outside
wheel at speed. The variable geometry 1s also achieved by
having the hubs leaned back slightly (defined as “rake”
below) which gives the proper trail (see diagram below) to
the front wheels.

[0068] Currently, unless supported by the driver’s feet or
by a kickstand, the vehicle 10 of the present mvention
remains Iree-leaning, like a motorcycle Accordingly, 1t
will tend to tlt sideways when operating at very slow
speeds, when stopped, and when parked. Accordingly, it
can fall-over, just like a motorcycle: unless supported by
the rider or a kickstand.

[0069] If desired, the vehicle can be configured to reduce
or eliminate free leaning when stopped or operated at slow
speeds. For example, the front of the vehicle can be tem-
porarily and automatically locked at a commanded, straight
position at slow speeds and when stopped with no pivoting
allowed along pivots 24 and 26. An exemplar control logic
for activation of the tilting lock 1s shown schematically n
FIG. 7.

[0070] Alternative possible control logic configurations
are shown schematically 1n FIGS. 21A-21C and shown
and discussed 1n U.S. Provisional Pat. Application No. 62/
239 900 filed on Oct. 10, 2015, the disclosure of which 1s
hereby incorporated by reference.

[0071] 'The Tilt Lock system 1s designed to lock the bike
so that 1t doesn’t lean at low speeds or when stopped and
will bring the bike vertical 1f off centered. Once the bike
starts to accelerate or gets above a certamn speed the lock
will release and allow the bike to lean freely. Riders can
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enjoy the handling of a 2-wheeled motorcycle without hav-
ing to support the bike when stopped.

[0072] There 1s a low speed setting (around 1 mph) where
this system 1s always locked and there 15 a high speed setting
(around 7 mph) where the system 1s always off. Between the
high speed and low speed setting, the system 1s either locked
or unlocked depending 1if the bike 1s accelerating or
deaccelerating.

[0073] Once the bike 15 locked, the program goes mto a
looping program sensing whether the bike 1s level or not to
the horizon, 1f 1t 1s not level, 1t activates the hydraulic motor
which drives the hydraulic cylinders to level the bike. This
happens continuously until the system 1s unlocked. Leveling
the bike perpendicular to the horizon rather than perpendi-
cular to the road surface 1s the natural state the nder wants to
be 1n.

[0074] If the handle bars are turned sharp enough beyond a
certain setting, the system will always stay locked up to the
high speed setting. This allows the rider to make sharp U-
turns at less than the high speed setting without having to
worry about the bike unlocking.

[0075] When the bike 1s less than 1 mph (or so) steering
input will slightly lean the bike. At a stop, or less than Y, 1f
you turn your handlebars to the right, the bike will slightly
lean to the right. This function preleans the bike to assist the
rider 1n making an immediate turn to the right or left from a
stop. The more you turn the handlebars, the more the bike 1s
leaned over. The proportion of the turning to the lean can be
fixed or variable. If you don’t have this function and the bike
1s locked vertical, and you make an immediate hard right
turn and the system switches from locked to unlock, 1t waill
cause the bike to be thrown to the outside of the corner and
1s very disconcerting to the rider. By having the bike pre-
leaned, the bike and rider follow the natural leaning path
the bike wants to take.

Exemplar General System and Environmental
Requirements

[0076] 1) Operating voltage 12 V +/-
[0077] 2) Operating temperature: -30e to +150° F.
[0078] 3) Board protected against overload, short-circuit,

reverse polarity and power surge

[0079] 4) Dual board design for redundancy.
[0080] 5) Will need to be robust enough to handle extreme
vibration and wet weather conditions

Inputs

[0081] 1) Inputs for two quadrature sensors Honeywell
X209356-GT (see attached spec sheet for SNG-Q
SENSors)

[0082] 2) On-board accelerometer for tilt sensing (looking
at using attached Bosch units)

[0083] 3) May use same or separate accelerometer for
Acceleration and Deceleration measurements

[0084] 4) One 0-5 Vinput for the Honeywell RTY120HV-

NAX sensor for steering (see attached RTY spec sheet)
[0085] 5) On/ofl switch

Outputs

[0086] 1) One solenoid output max 1.5 A (see attached
spec for Sun Coil)
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[0087] 2) Output for one motor, reversible, max 20 A driv-
ing hydraulic pump. Currently using Parker Oildyne
118AES10-ALL-1V-20-20 unit with two wire motor,
could look at 118AMSI10-ALL-1V-20-20 unit with three

wire motor. See attached spec for Parker Hydraulic Umnat
[0088] 3) Error mdicator bulb or display (need to deter-

mine fault state)
[0089] 4) Indicator showing bike 1s stopped and solenoid

1s activated

[0090] Such control systems for detecting speed and acti-
vating a controller to i1t movement are known. For exam-
ple, the speed control could be activated by a connection to a
traditional speedometer measuring the rotation of the wheel
since the vehicle would Jock up anytime the brakes were
applied hard enough to lock up the wheels. Alternatively,
vehicle speed can be monitored, by an on- board GPS sys-
tem, a radar system, a radio frequency transmission system
or the like that would measure the vehicle’s true speed and
apply a mechanical lock 300 (FIG. 18) once the speed of the
vehicle reaches less than say 3 mph. An exemplar mechan-
ical lock 300 teaturing a hydraulic brake 302 operably
secured between the vehicle frame and the hilting linkage
1s shown 1n FIG. 18. With such a system installed, the driver
would not have to put his or her feet on the ground once the
vehicle came to a stop.

[0091] Moreover, the tilting linkage 14 and 14' can include
a frame portion 130 adapted to fit onto the front end of a
conventional in-line two-wheeled vehicle such as a conven-
tional motor cycle or the like. Such frame would 1nclude
conventional fittings and the like to allow the steering
shaft 30 to connect to the existing handlebar system of the
conventional in-line two-wheeled vehicle.

[0092] In view of the wide variety of embodiments to
which the principles of the mnvention can be applied, 1t
should be apparent that the detailled embodiments are 1llus-
trative only and should not be taken as limiting the scope of
the invention. For example, although the disclosed embodi-
ment positions the pair of wheels 12a, 125 on the front of the
vehicle, the principles of this invention would also work
with the pair of wheels 12a, 126 replacing the rear wheel
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of an 1n-line two- wheeled vehicle. Similarly, a four-
wheeled vehicle with one or both of the pairs of wheels con-
figured as described could also operate etfectively. Rather,
the claimed mmvention includes all such modifications as
may come within the scope of the claims and equivalents
thereto.

1-12. (canceled)

13. A tilting wheeled vehicle, comprising:

a frame tiltable side-to-side within a tilting range of motion
of the frame;

a right wheel defining a first wheel plane that intersects the
right wheel;

a lett wheel defining a second wheel plane that intersects the
left wheel;

a steering system including:

a tilting linkage including an upper portion having right and
leftupper cross members operably secured to the frame at
a shared upperpivot, and a lower portion havingright and
left lower cross members operably secured to the frame at
a shared lower p1vot;

a right kingpin having the right wheel mounted thereto and
pivotally secured to the right upper cross member and the
right lower cross member of the tilting linkage at the first
wheel plane to define a first steering axis of the right
wheel:;

a left kingpin operatively secured to the left wheel mounted
thereto and pivotally secured to the leftupper cross mems-
ber and the left lower cross member of the tilting linkage
at the second wheel plane to define a second steering axis
of the left wheel; and

aunmiversal steering linkage secured to a steering shaft along
a frame plane that also includes the shared upper pivot
and the shared lower pivot, the universal steering linkage
including anight tierod and a left tie rod that are pivotable
independent of each other, wherein the right tie rod 1s
operably secured to the right kingpin, and the left tie
rod 1s operably secured to the left kingpin.
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