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HINGED VEHICLE CHASSIS According to a further aspect , the first and second chassis 
sections include separate power sources and motors for 

CROSS - REFERENCE TO RELATED driving the drive wheel and the omni - wheel separately . 
APPLICATIONS According to a further aspect , the omni - wheel includes a 

5 first and second set of rollers wherein the rollers maintain at 
This application is based on and claims priority to U . S . least two points of contact with the surface . 

Provisional Patent Application Ser . No . 61 / 910 , 323 , filed on According to a further aspect , the first and second set of 
Nov . 30 , 2013 , which is hereby incorporated by reference as rollers are supported by a first and second hub , respectively , 
if set forth in its entirety herein . where the first and second hubs are configured to rotate 

10 freely with respect to each other . 
FIELD OF THE INVENTION According to a further aspect , the drive wheel includes a 

first and second drive hub , wherein the first and second drive 
The present invention relates to vehicles and , in particular , hubs are configured to selectively rotate freely with respect 

robotic inspection vehicles . to each other . 
15 According to a further aspect , the contact surfaces of the 

BACKGROUND drive hubs are curved such that each side of the driving 
wheel contacts the surface at a single point . 

In the past , there have been different inspection vehicle According to a further aspect , the points of contact of the 
designs that are used to inspect various structures , such as drive hubs are textured . 
factory equipment , ships , underwater platforms , pipelines 20 According to a further aspect , the points of contact of the 
and storage tanks . If a suitable inspection vehicle is not drive hubs are knurled . 
available to inspect the structure , an alternative is to build According to a further aspect , the points of contact of the 
scaffolding that will allow people access to inspect these drive hubs are coated . 
structures , but at great cost and danger to the physical safety According to a further aspect , the points of contact of the 
of the inspectors . Past inspection vehicles have lacked the 25 drive hubs have a rubber coating . 
control necessary to inspect such surfaces effectively . There According to a further aspect , the points of contact of the 
are different ways of controlling and providing translational drive hubs have a polyurethane coating . 
forces to vehicles , however , many of these systems are According to a further aspect , a single power source 
designed for gravity - dependent transport , whether the goal provides power to the first and second chassis sections and 
is to overcome gravity or simply use it . 30 motors for driving the drive wheel and the omni - wheel . 

The present invention provides a solution for providing 
vehicular movement in non - gravity - dependent operations , BRIEF DESCRIPTION OF THE DRAWING 
where the impact of gravity on vehicle movement can be FIGURES 
minimized while still enabling versatile control . As well , the 
present invention is capable of effectively navigating a 35 FIG . 1 illustrates a vehicle having a hinged chassis ; 
variety of curved surfaces such as pipes and vessels , as this FIG . 2 illustrates additional features of a vehicle ; 
is one possible use of the invention . FIG . 3 illustrates a vehicle having a hinged chassis on a 

curved surface ; 
SUMMARY FIG . 4A illustrates a schematic of a vehicle having a 

40 hinged chassis on a curved surface ; and 
According to an aspect of the present invention , a robotic FIG . 4B illustrates a schematic of a vehicle having a 

vehicle chassis is provided . The vehicle chassis includes a hinged chassis on a flat surface . 
first chassis section , a second chassis section , and a hinge 
joint connecting the first and second chassis sections such DETAILED DESCRIPTION OF CERTAIN 
that the first and second chassis sections are capable of 45 EMBODIMENTS 
rotation with respect to each other in at least a first direction . 
The vehicle includes a drive wheel mounted to one of the Referring to FIG . 1 , a robotic vehicle 810 in accordance 
first and second chassis sections and an omni - wheel with an embodiment of the invention is shown . The robotic 
mounted to the other of the first and second chassis sections . vehicle 810 includes a first chassis section 812 and a second 
The omni - wheel is mounted at an angle orthogonal with 50 chassis section 814 . A drive wheel 816 is connected to the 
respect to the drive wheel . The vehicle includes at least a first chassis section 812 and an omni - wheel 818 is connected 
first magnet connected to at least the drive wheel or the to the second chassis section 814 . Each chassis section can 
chassis section to which the drive wheel is mounted and at include a control module 813 , 815 . Each control module can 
least a second magnet connected to at least the omni - wheel include a motor , drive assembly for transferring mechanical 
or the chassis section to which the omni - wheel is mounted . 55 power from the motor to the wheels , a power source ( e . g . , 
The at least first and second magnets maintain and attractive battery ) , and a controller that can control the operation of the 
force between the first chassis section and the surface and vehicle by processing sensed data , processing stored instruc 
the second chassis section and the surface , respectively , tions , and / or processing control instruction / signals received 
wherein the surface is ferromagnetic . The hinge joint of the from a remote computer / operator . The control modules 813 , 
vehicle rotates in response to the curvature of a surface the 60 815 can also be connected by a flexible cable so that power 
vehicle is traversing . and control instructions can be shared between the two 

According to a further aspect , the robotic vehicle chassis modules . 
further comprises a spring element extending between the The first and second chassis sections are connected 
first and second chassis section , the spring element provid - together via a connection that provides a degree of freedom 
ing a force that urges the first and second chassis sections 65 between the two chassis sections , such as a hinge 820 . The 
into a normal position in which there is a zero degree of hinge 820 can by of several different types , including a 
rotation between the first and second chassis sections . knuckle / pin hinge or ball and detent hinge , for example . 
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Other types of structures can be used to provide a degree of steering wheel when pivoting . The drive wheel can include 
freedom between the two chassis sections . For example , a magnets when adhesion to a ferromagnetic surface is 
flexible material ( e . g . , flexible plastic ) can be used to con - required . 
nect the two chassis sections together while providing the The omni - wheel can include two sets of rollers 822 
degree of freedom between the two chassis sections . The 5 provided around the periphery of the wheel and located on 
hinge 820 provides a degree of freedom of movement each side of the omni - wheel as shown in FIG . 2 . The 
between the first and second chassis sections . In particular , omni - wheel 818 can have two hubs or yokes in which a set 
chassis sections 812 , 814 are rotatable through a range of of rollers 822 is provided on each hub . The two hubs can 
degrees , with respect to each other as indicated by arrow rotate together or the two hubs can rotate with respect to 

10 each other . An omni - wheel that includes two sets of rollers “ A ” about the hinge 820 . As discussed in more detail below , permits the omni - wheel to remain normal to the surface as the range of degrees of rotation between the first and second the vehicle maneuvers . This structural arrangement allows chassis sections 812 , 814 provides flexibility of movement the vehicle to be a fully defined structure with increased for the vehicle 810 to traverse curved surfaces while the stability , and it increases pull force and traction as the wheel 
drive wheel 816 and omni - wheel 818 remain in contact with steers . The use of two sets of rollers results in the omni 
and normal to the curved surface . The hinge can also have wheel having at least two points of contact with the surface . 
some play in the connection that permits a limited degree of Since the omni - wheel is mounted orthogonal to the driving 
side - to - side movement . The play can be a result of a loose wheel , the distance between each point of contact and the 
fit between the joints of the hinge or the material used ( e . g . , driving wheel is different . The steering wheel could also 
plastic that permits some twisting ) . The play can permit the 20 include a ball caster to maintain the steering normal to the 
chassis sections to slightly move side - to - side and / or twist . surface . The omni - wheel can include magnets when adhe 
This play can improve the function of the robot as it moves s ion to a ferromagnetic surface is required . 
along particular trajectories that induce a twisting motion The omni - wheel 818 provides steering , or rotation , to 
between the two chassis sections , such as when the vehicle control the robotic vehicle 810 . The vehicle 810 can be 
is traveling in a helical pattern around a pipe . 25 steered by driving the omni - wheel 818 using the motor 

Referring now to FIG . 2 , a simplified sketch shows the mentioned above , or a second motor ( neither separately 
orientation of the drive wheel 816 and the omni - wheel 818 . shown ) by using conventional linkages between the omni 
without illustrating the hinged chassis . In the robotic vehi wheel and the motor . The omni - wheel rotates in a direction 
cle ' s preferred direction of travel , which is indicated by indicated by arrow " R3 ” . Rotation of the omni - wheel causes 

arrow “ D , ” the drive wheel 816 of the robotic vehicle 810 3 1 30 the vehicle to turn or steer in a direction indicated by arrows 
“ S ” . Controlling the rotation of the omni - wheel 818 allows rotates about its access in a direction indicated by arrow for steering of the vehicle 810 . The hinge 820 is constructed " R1 ” in response to a motor that propels the vehicle forward . to have minimal to no yield as the omni - wheel is driven in The axis of rotation of the omni - wheel 818 is nominally the " S " directions so that the vehicle can be rotated in the oriented perpendicular to the drive wheel 816 ( and the the 35 direction “ S ” without the vehicle folding upon itself and so wheels are in orthogonal planes ) , as shown in FIG . 2 . The that movement in the “ S ” direction of the omni - wheel 818 omni - wheel 818 includes a plurality of rollers 822 that are can be correlated with a re - orientation of the drive wheel 816 

located around the periphery of the omni - wheel 818 . The as a result of the movement transferred to the drive wheel 
rollers 822 are mounted on the omni - wheel 818 ( via pins or through the hinge 820 . 
axles , for example ) for rotation in the same direction as the 40 Accordingly , the drive wheel 816 can be controlled to 
drive wheel 816 , as indicated by arrow “ R2 ” ( i . e . , R1 is the provide forward and rearward movement of the vehicle 
same direction as R2 ) . Accordingly , when the drive wheel while the omni - wheel 818 is either a passive , low resistance 
816 is driven , the omni - wheel 818 can serve as a follower follower wheel or serving as an active , steering mechanism 
wheel that is not driven . The rollers 822 passively rotate as for the vehicle . The wheels 816 , 818 can be activated and 
the drive wheel 816 is driven , thereby allowing the vehicle 45 driven separately or at the same time to effect different types 
to travel in the driven direction as indicated by arrow “ D ” of steering of the vehicle 810 . 
with the rollers serving the purpose of reducing the friction The configuration of the wheels of the vehicle provide for 
of the passive omni - wheel 818 , at least that is the result excellent mobility and stability while maintaining a rela 
when the vehicle 810 is moving along a level surface . tively small foot print . This permits the robot to fit into small 

The drive wheel 816 can have a single hub or yoke or can 50 areas and have maneuverability that would be difficult , if not 
have two hubs or yokes ( " drive hubs ” ) . The two drive hubs impossible , to achieve with traditional arrangements such as 
can be arranged to rotate together or they can be arranged so four wheeled vehicles . For example , a vehicle having the 
that they can rotate with respect to each other . Allowing one described arrangement can be constructed so that it can be 
of the drive hubs of the driving wheel to rotate freely is effective on surfaces ranging from 8 inches in diameter to 
useful when pivoting in place . Such an arrangement allows 55 completely flat surfaces . The drive wheel 816 provides 
rotation about truly a single point rather than the center of stability to the vehicle . In particular , the drive wheel can 
the driving wheel . This arrangement can also preventing the include a strong magnet which creates a pull force between 
driving wheel from damaging the surface as it slides through the wheel and a ferromagnetic surface on which the vehicle 
the rotation . The driving wheel can also have curved ( and / or 810 can be moved , and this structural arrangement assists in 
textured or coated ) points of contact ( rim of each hub ) such 60 resisting tipping of the vehicle . In addition , the drive wheel 
that each side of the driving wheel contacts the surface in can have a relatively wide and flat configuration , which 
just one point regardless of the curvature . As one example , further provides stability to the vehicle . 
the rim can be knurled to provide texture . As another Referring to FIG . 3 , the vehicle 810 is shown traversing 
example , the rim can be coated with rubber or polyurethane . a curved ferromagnetic surface 1 , which , by way of example 
Such an arrangement can improve the consistency of pull 65 only , can be a steel pipe . The drive wheel 816 and the 
force and friction and can also improve the performance of omni - wheel 818 can each include a magnet . For example , a 
the chassis and reduce the power consumption on the magnet can be included in the hub of each of these wheels , 
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or in the case of a double omni - wheel , ( as shown , in FIG . 3 ) changes to the vehicle . The degree of freedom can permit 
between the two hubs . By connecting the drive wheel and movement in both the up and down directions , which can 
the omni - wheel to respective chassis sections , each chassis increase the vehicle ' s ability to traverse both convex sur 
section is attracted ( via the magnets in the wheels ) to the faces ( e . g . , outside of a pipe ) and concave surfaces ( such as 
ferromagnetic / magnetically inducible material surface ( e . g . , 5 a tank surface ) . The width of the omni - wheel and the 
a material that generates an attractive force in the presence magnets that provide attractive force between the wheel and of a magnetic field , such as a steel pipe ) . Alternatively , or in the surface help resist unwanted movement in the up and 
addition , the chassis sections themselves could include down directions . The omni - wheel , by its width and its magnets that provided attractive force between each chassis magnets ( which can provide two points of contact with the section and the ferromagnetic surface . As such , when the 10 surface ) , is biased to be normal to the traveling surface . vehicle traverses a curved or uneven surface , each of the Accordingly , the omni - wheel itself provides a resistive force chassis sections can be magnetically attracted to the surface . to over rotation of the vehicle about the hinge . Meanwhile , the hinge 820 enables the chassis sections to In addition , the hinge can have other limited degrees of rotate relative to one another . By this arrangement , the drive 
wheel 816 and the omni - wheel 18 maintain contact with and 15 tree 15 freedom , which can be accomplished by incorporating some 
normal to the surface along which the vehicle 810 is play in the hinge design . This play can improve the function 
traveling . A spring 824 can also extend between the two of the robot as it moves along particular trajectories that 
chassis sections 812 , 814 and be connected so as to provide induce a twisting motion between the two chassis sections , 
an urging force to assist the sections back to the a position such as when the vehicle is traveling in a helical pattern 
in which the two wheels are located on the same planar 20 around a pipe . 
surface with approximately zero degrees of rotation between The robotic vehicle 810 , including the orientations of its 
the two chassis sections . magnetic wheel and the hinged chassis , provides significant 

Referring now to FIGS . 4A and 4B , a schematic of the advances in mobility . It is possible to accomplish a complete 
robotic vehicle on a curved surface and on a flat , planar 180° turn while traversing a half circle ( e . g . , steel pipe ) that 
surface are shown , respectively . As shown in FIG . 4A , the 25 has a diameter only slightly larger than the diameter of the 
chassis sections rotate about the hinge 820 so that the wheels drive wheel . The vehicle can be used to move and carry 
maintain contact with the curved surface 2 on which the inspection equipment . Other uses for such a vehicle having 
vehicle is traveling . Accordingly , the hinge is positioned the above described chassis design can be used to move and such that it allows the steering wheel to adjust to the transport goods / personnel on magnetically inducible mate 
curvature while preventing the rest of the chassis from 30 rials , such as the steel framework of a skyscraper that is touching . Without the hinge 820 , the chassis would remain being constructed ( or for inspection / maintenance after con in a straight line configuration and one of the wheels could struction by providing magnetic purchase to the steel struc fail to maintain contact the curved surface , or may only be ture ) or the side of a large vessel . in partial contact with the curved surface ( e . g , only an edge 
of a wheel may maintain contact ) . Failure of one or two of 35 A vehicle as described above can transverse steel surfaces 
the wheels to maintain contact with the traveling surface can with diameters of as little as 6 " and potentially even smaller , 
have significant consequences . First , parts of the wheel such with the ability to move in any direction and to any orien 
as the perimeter edges can come into contact with the tation . The movement of the vehicle can include longitudinal 
surface which can introduce drag and wear on the parts as movement , circumferential movement , helical movement , 
the vehicle continues along the surface . Second , that failure 40 360 degree pivoting around a fixed point . The vehicle can 
can result in a significant drop in the attractive force between overcome obstacles such as welds or patches of up to at least 
the magnets of the chassis and surface . This could have a one half inch . The vehicle is cable of performing these 
catastrophic consequence , such as when the vehicle is tra - maneuvers on the underside of steel surfaces , including both 
versing a vertical or inverted surface , in which the vehicle internally within a pipe and externally on multiple struc 
fails to maintain magnetic purchase with the surface and 45 tures . The vehicle can also negotiate elbows or other turns in 
actually decouples from the surface . Decoupling of the pipes on both the convex and concave surfaces . Addition 
vehicle can result in damage to the vehicle suffered as a ally , the vehicle , as a result of its pivoting motion , can 
result of the fall , present a danger to workers in the area , overcome certain types of obstacles which would not be 
and / or could result in the vehicle becoming stuck , which easy for a normal wheel to drive over . Accordingly , the 
could present further problems . In addition , the hinge and 50 vehicle can temporarily use the omni - wheel as the primary 
chassis can be arranged to maintain a low center of mass of locomotive accessory ( while the driving wheel remains 
the vehicle . primarily in place ) . The design of the vehicle also allows the 
As shown in FIG . 4B , the vehicle 810 is disposed on a flat vehicle to transverse very narrow surfaces ( such as the side 

surface 3 . The hinge 820 can include rotation stops 826 and of a beam , very small pipe , etc . ) due to its in - line configu 
828 . These can be mating surfaces on each of the first and 55 ration . The minimum width of such a surface is limited only 
second chassis sections for example . The rotations stops can by the inner distanced between the two yokes of the mag 
be positioned to prevent undesired rotation about the hinge netic driving wheel . 
820 , or to limit rotation to a set range of degrees , such as It should be understood that various combination , alter 
when the vehicle is on a flat surface . For example , the hinges natives and modifications of the present invention could be 
can prevent the vehicle from folding upon itself when on a 60 devised by those skilled in the art . The present invention is 
flat surface such that the hinge joint is dragged on the intended to embrace all such alternatives , modifications and 
surface . The stops can also be spaced to allow a limited variances that fall within the scope of the appended claims . 
amount of rotation in both up and down directions . Accord - While the invention has been particularly shown and 
ingly , the vehicle can rotate about the hinge to adapt to both described with reference to a preferred embodiment thereof , 
concave and convex surfaces . As such , the vehicle can be 65 it will be understood by those skilled in the art that various 
used on the outside of a pipe ( convex surface ) as well as in changes in form and details may be made therein without 
the inside of a tank ( concave surface ) without structural departing from the spirit and scope of the invention . 
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The invention claimed is : 
1 . A robotic vehicle chassis for a two - wheeled robotic 

vehicle , comprising : 
a first chassis section ; 
a second chassis section ; 5 
a hinge joint connecting the first and second chassis 

sections such that the first and second chassis sections 
are capable of rotation with respect to each other in a 
first direction ; 

a drive wheel mounted to one of the first and second 10 
chassis sections , wherein the drive wheel includes first 
and second drive hubs , each respective hub being 
located on an opposite side of the drive wheel , the first 
and second drive hubs being configured to rotate 
together or with respect to each other , and wherein the 15 
drive wheel has a curvature such that each side of the 
drive wheel contacts the surface at a single point 
located on a respective opposite side of the curvature ; 

an omni - wheel mounted to the other of the first and 
second chassis sections ; the omni - wheel being 20 
mounted at an angle orthogonal with respect to the 
drive wheel ; 

at least a first magnet included in the drive wheel ; and 
at least a second magnet included in the omni - wheel , 
wherein the at least first and second magnets maintain an 25 

attractive force between the drive wheel and the surface 
and the omni - wheel and the surface , respectively , 
wherein the surface is ferromagnetic , 

wherein the hinge joint rotates in response to the curva 
ture of a surface the vehicle is traversing . 

2 . The robotic vehicle chassis of claim 1 , wherein the first 
and second chassis sections include separate power sources 
and motors for driving the drive wheel and the omni - wheel 
separately . 

3 . The robotic vehicle chassis of claim 1 , wherein the 35 
omni - wheel includes a first and second set of rollers located 
on each side of the omni - wheel such that the first and second 
set of rollers are located to maintain at least two points of 
contact with the surface . 

4 . The robotic vehicle chassis of claim 3 , wherein the first 40 
and second set of rollers are supported by a first and second 
hub , respectively , where the first and second hubs of the 
omni - wheel include the at least first magnet . 

5 . The robotic vehicle chassis of claim 1 , wherein the first 
and second drive hubs include the at least second magnet . 45 

6 . The robotic vehicle chassis of claim 5 , wherein points 
of contact of the drive hubs are textured . 

7 . The robotic vehicle chassis of claim 6 , wherein points 
of contact of the drive hubs are knurled . 

8 . The robotic vehicle chassis of claim 5 , wherein points 
of contact of the drive hubs are coated . 

9 . The robotic vehicle chassis of claim 8 , wherein points 
of contact of the drive hubs have a rubber coating . 

10 . The robotic vehicle chassis of claim 8 , wherein points 
of contact of the drive hubs have a polyurethane coating . 

11 . The robotic vehicle chassis of claim 1 , wherein a 
single power source provides power to the first and second 
chassis sections and motors for driving the drive wheel and 
the omni - wheel . 

12 . The robotic vehicle chassis of claim 1 , wherein the 
first and second chassis sections are configured such that the 
first direction of rotation is parallel to the axis of rotation of 
the drive wheel . 

13 . The robotic vehicle chassis of claim 1 , wherein the 
hinge joint includes at least one rotation stop . 

14 . A robotic vehicle chassis for a two - wheeled robotic 
vehicle comprising : 

a first chassis section ; 
a second chassis section ; 
a hinge joint connecting to the first and second chassis 

sections such that the first and second chassis sections 
are capable of rotation with respect to each other in a 
first direction ; 

a drive wheel mounted to one of the first and second 
chassis sections ; 

an omni - wheel mounted to the other of the first and 
second chassis sections ; the omni - wheel being 
mounted at an angle orthogonal with respect to the 
drive wheel ; 

a spring element extending between the first and second 
chassis section , the spring element providing a force 
that urges the first and second chassis sections into a 
normal position in which there is a zero degree of 
rotation between the first and second chassis sections ; 

at least a first magnet included in the drive wheel ; and 
at least a second magnet included in the omni - wheel , 
wherein the at least first and second magnets maintain an 

attractive force between the drive wheel and the surface 
and the omni - wheel and the surface , respectively , 
wherein the surface is ferromagnetic , 

wherein the hinge joint rotates in response to the curva 
ture of a surface the vehicle is traversing . 

* * * 


