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MODULAR FORMED NODES FOR VEHICLE CHASSIS AND THEIR

METHODS OF USE

CROSS-REFERENCE

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.

61,994,781 filed May 16, 2014, which is entirely incorporated herein by reference.

BACKGROUND

[0002] Tube frame chassis construction is used extensively in low volume and high

performance vehicle design with the advantages of low tooling costs, design flexibility, and

the ability to produce high efficiency structures. Existing fabrication methods for tube frame

chassis require a significant amount of labor to cut and notch all tubes to the correct length,

also a skilled welder is needed to bind each tube connection joint. The use of carbon fiber as

the material for the tubes in the chassis frame reduces the labor and tooling cost of

construction. However, challenges arise with connecting the carbon fiber tubes at

intersections because these tubes cannot be welded.

SUMMARY

[0003] A need exists for a joint system to connect carbon fiber tubes. A joint design is

provided that may join carbon fiber tubes to form a structurally rigid three-dimensional space

frame, where an example of a space frame may be a vehicle chassis. The space frame formed

by the disclosed joint system in connection with carbon fiber tubes may advantageously

provide a low-cost high-efficiency space frame fabrication process suitable for vehicle or

other structural manufacture processes.

[0004] The joints described in this disclosure may comprise various tube engagement

protrusions that can engage both the inner and outer diameter of a connecting tube. An

advantage of engagement of the inside and outside surfaces of the connecting tube may be

increased structural rigidity. Furthermore the joints described in this disclosure may

comprise centering features to force the center of a connecting tube and the center of an

adjoining joint protrusion to be co-axial. The centering features may provide a gap between

an outer surface of inner region of a joint and an inner surface of a connecting tube, through

which adhesive may be applied.

[0005] Additional aspects and advantages of the present disclosure will become readily

apparent to those skilled in this art from the following detailed description, wherein only



illustrative embodiments of the present disclosure are shown and described. As will be

realized, the present disclosure is capable of other and different embodiments, and its several

details are capable of modifications in various obvious respects, all without departing from

the disclosure. Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as restrictive.

INCORPORATION BY REFERENCE

[0006] All publications, patents, and patent applications mentioned in this specification

are herein incorporated by reference to the same extent as if each individual publication,

patent, or patent application was specifically and individually indicated to be incorporated by

reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The novel features of the invention are set forth with particularity in the appended

claims. A better understanding of the features and advantages of the present invention will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the invention are utilized, and the accompanying

drawings (also "figure" and "FIG." herein), of which:

[0008] FIG. 1 shows a vehicle chassis including connecting tubes connected by one or

more joint, in accordance with an embodiment of the invention.

[0009] FIG. 2a shows an example of a joint having a plurality of acceptor ports in

accordance with an embodiment of the invention.

[0010] FIG. 2b shows another example of a joint having a plurality of acceptor ports in

accordance with an embodiment of the invention.

[0011] FIG. 2c shows another example of a joint having a plurality of acceptor ports with

different diameters in accordance with an embodiment of the invention.

[0012] FIG. 2d shows a cross-sectional view of a joint connecting a plurality of

connecting tubes.

[0013] FIG. 3a shows an example of a joint protrusion with a small nubs centering

feature.

[0014] FIG. 3b shows an example of a joint protrusion with a spiral path centering

feature.

[0015] FIG. 3c shows an example of a joint protrusion with a labyrinth centering feature.



[0016] FIG. 3d shows an example of a joint protrusion with an interrupted helix centering

feature.

[0017] FIG. 4 shows a magnified cross sectional view of an example of a connected tube

and joint showing the role of centering features and the space created between a joint

protrusion surface and the inner surface of a tube.

[0018] FIG. 5a shows an example of a joint with an injection orifice.

[0019] FIG. 5b shows a magnified cross sectional view of an example of an adhesive

injection pathway.

[0020] FIG. 6a shows an example of a joint with a flange for integration with other

construction components.

[0021] FIG. 6b shows an example of a joint with openings for routing of fluid and/or

electrical components.

[0022] FIG. 6c shows a cross sectional view of an example of a joint with openings for

routing of fluid and/or electrical components.

[0023] FIG. 7 shows a cross section of a joint inner protrusion that includes a seal.

DETAILED DESCRIPTION

[0024] While various embodiments of the invention have been shown and described

herein, it will be obvious to those skilled in the art that such embodiments are provided by

way of example only. Numerous variations, changes, and substitutions may occur to those

skilled in the art without departing from the invention. It should be understood that various

alternatives to the embodiments of the invention described herein may be employed.

[0025] This disclosure provides a joint member for connection of a plurality of

connecting tubes, which may be used for the forming of a light weight space frame. An

example of a space frame may be a vehicle chassis. Various aspects of the described

disclosure may be applied to any of the applications identified here in addition to any other

structures comprising a joint/tube frame construction. It shall be understood that different

aspects of the invention may be appreciated individually, collectively, or in combination with

each other.

[0026] FIG. 1 shows a vehicle chassis 100 including connecting tubes 101a, 101b, 101c

connected by one or more nodes 102, in accordance with an embodiment of the invention. A

multi-port node, or joint member, may be provided to connect carbon fiber tubes to form a

two or three-dimensional structure. The structure may be a frame. In one example, a two

dimensional structure may be a planar frame, while a three dimensional structure may be



space frame. A space frame may enclose a volume therein. In some examples, a three

dimensional space frame structure may be a vehicle chassis. The vehicle chassis may have a

length, width, and height that may enclose a space therein. The length, width, and height of

the vehicle chassis may be greater than a thickness of a connecting tube. Any description

herein of a vehicle chassis or any type of chassis may be applied to any type of space frame,

and vice versa.

[0027] A vehicle chassis may form the framework of a vehicle. A vehicle chassis may

provide the structure for placement of body panels of a vehicle, where body panels may be

door panels, roof panels, floor panels, or any other panels forming the vehicle enclosure.

Furthermore the chassis may be the structural support for the wheels, drive train, engine

block, electrical components, heating and cooling systems, seats, or storage space. A vehicle

may be a passenger vehicle capable of carrying at least about 1 or more, 2 or more, 3 or more,

4 or more, 5 or more, 6 or more, 7 or more, 8 or more, ten or more, twenty or more, or thirty

or more passengers. Examples of vehicles may include, but are not limited to sedans, trucks,

buses, vans, minivans, station wagons, RVs, trailers, tractors, go-carts, automobiles, trains, or

motorcycles, boats, spacecraft, or airplanes. A space frame may be provided for a vehicle, or

for any other type of structure including, but no limited to, towers, buildings, bicycles,

tricycles, bridges, lighting structures, furniture, stages, trusses, or walls. Any description

herein of a chassis or vehicle chassis may apply to any type of space frame. Similarly, any

description herein of nodes that may be used to connect tubes in a vehicle chassis may be

applied to any type of space frame.

[0028] The vehicle chassis may provide a form factor that matches the form factor of the

type of vehicle. Depending on the type of vehicle, the vehicle chassis may have varying

configurations. The vehicle chassis may have varying levels of complexity. In some

instances, a three-dimensional space frame may be provided that may provide an outer

framework for the vehicle. The outer framework may have body panels to form a three-

dimensional enclosure. Optionally, inner supports or components may be provided.

Different layouts of multi-port nodes and connecting tubes may be provided to accommodate

different vehicle chassis configurations. Nodes may be able to support tubes in a two or

three-dimensional plane. For example, a multi-prong node may be configured to connect

tubes that do not all fall within the same plane. The tubes connected to a multi-prong node

may be provided in a three-dimensional fashion and may span three orthogonal axes. In

alternate embodiments, some nodes may connect tubes that may share a two-dimensional

plane.



[0029] The connecting tubes 101a, 101b, 101c of the vehicle may be formed from a

carbon fiber material. Examples of composite materials may include high modulus carbon

fiber composite, high strength carbon fiber composite, plain weave carbon fiber composite,

harness satin weave carbon composite, low modulus carbon fiber composite, or low strength

carbon fiber composite. In alternate embodiments, the tubes may be formed from other

materials, such as plastics, polymers, metals, or metal alloys. The connecting tubes may be

formed from rigid materials. The connecting tubes may have varying dimensions. For

example, different connecting tubes may have different lengths. For example, the connecting

tubes may have lengths on the order of about 1 inch, 3 inches, 6 inches, 9 inches, 1 ft, 2 ft, 3

ft, 4 ft, 5 ft, 6 ft, 7 ft, 8 ft, 9 ft, 10 ft, 11 ft, 12 ft, 13 ft, 14 ft, 15 ft, 20 ft, 25 ft, or 30ft. In

some instances, the tubes may have the same diameter, or varying diameters. In some

instances, the tubes may have diameters on the order of about 1/16", 1/8", 1/4", 1/2", 1", 2",

3", 4", 5", 10", 15", or 20".

[0030] The connecting tubes may have any cross-sectiona shape. For example, the

connecting tubes may have a substantially circular shape, square shape, oval shape,

hexagonal shape, or any irregular shape. The connecting tube cross-section could be an open

cross section, such as a C-channel, I-beam, or angle.

[0031] The connecting tubes 101a, 101b, 101c may be hollow tubes. A hollow portion

may be provided along the entire length of the tube. In some cases, the connecting tubes may

have an inner surface and an outer surface. An inner diameter for the tube may correspond to

an inner surface of the connecting tube. An outer diameter of the tube may correspond to an

outer surface of the tube. In some embodiments, the difference between the inner diameter

and the outer diameter may be less than or equal to about 1/32", 1/16", 1/8", 1/4", 1/2", 1", 2",

3", 4, or 5". A connecting tube may have two ends. The two ends may be opposing one

another. In alternative embodiments, the connecting tubes may have three, four, five, six or

more ends. The vehicle chassis frame may comprise carbon fiber tubes connected with

joints 102.

[0032] The multi-port nodes 102 (e.g., joint members, joints, connectors, lugs) presented

in this disclosure may be suitable for use in a vehicle chassis frame such as the frame shown

in FIG.l. The nodes in the chassis frame (100) may be designed to fit the tube angles

dictated by the chassis design. The nodes may be pre-formed to desired geometries to permit

rapid and low cost assembly of the chassis. The nodes can be reusable. In some cases, a first

chassis can be built using a set of nodes and tubes. The first chassis can be disassembled and

a second chassis can be built using at least a subset of the set of nodes and tubes. The first



chassis and the second chassis can correspond to different types of vehicles. For example,

the first chassis and the second chassis can be different size (e.g., volume, weight, carrying

capacity) vehicles. In some cases, the first chassis and the second chassis can correspond to

vehicles with different functions. Vehicle functions can include military use, commercial

use, hauling, transporting one or more humans, and/or travel on a specified type of terrain.

[0033] A joint or node may be composed of a metallic material (e.g. aluminum, titanium,

or stainless steel, brass, copper, chromoly steel, or iron), a composite material (e.g. carbon

fiber), or a polymeric material (e.g. plastic). The joint can be formed from a thermally

insulating material. The joint can be formed from a thermally conductive material. The joint

may be formed of a substantially rigid material. The joint may be fabricated by 3D-printing,

casting, by use of a mold, by machining, or by some combination of these processes.

[0034] FIG. 2a and FIG. 2b show examples of joints (a.k.a. nodes). FIG. 2a shows a joint, or

multi-prong node, 200 with five protruding acceptor ports, or prongs, for connecting with

tubes. FIG. 2b shows a joint 201 with three protruding acceptor ports for connecting tubes.

A joint (i.e., multi-prong node) may have any number of protruding acceptor ports to mate

with a connecting tube. For example, the joint may have at least one, two, three, four, five,

six, seven, eight, nine, ten, twelve, fifteen, twenty, thirty, or fifty acceptor ports, or prongs.

The joint may have less than any of the number of acceptor ports described herein. The joint

may have a number of acceptor ports falling into a range between any two of the values

described herein.

[0035] The joint may have a central region or hub 202. Acceptor ports 203, 204 may

protrude from the central region. The central region or hub may be the portion of the joint

where the acceptor ports meet. The central region or hub may have an inner protrusion. In

some cases, the central region or hub may be hollow. An acceptor port may have a proximal

end closer to the central region or hub. The acceptor port may have a distal end further from

the central region or hub. Each acceptor port may be configured to engage with a connecting

tube. An end of a connecting tube may be connected to a single acceptor port. In some

examples, the connecting tube may have multiple ends. Each end may be connected to a

joint. A joint may connect multiple connecting tubes to one another. In some examples, a

joint may connect two, three, four, five, six, seven, eight, nine, ten or more connecting tubes

to one another.

[0036] The protruding acceptor ports may have any angle relative to each other in three

dimensional space, for example the angle between any two ports may be at least 1 °, 5 °, 10°,

15 °, 20 °, 30 °, 45 °, 60 °, 75 °, 90 °, 105 °, 120 °, 135 °, 150 °, 165 °, or 180 °. In some



instances, three or more ports may be provided. The three or more ports may or may not be

coplanar. The ports may be able to accept round, square, oval, or irregularly shaped tubes.

Different cross-sectional shapes/dimensions for connecting tubes, ports may be configured to

accommodate the different shapes/dimensions of tubes, the ports themselves may have

different cross-sectional shapes/dimensions. The ports may be round, square, oval, or

irregularly shaped.

[0037] A joint may have an inner protrusion designed to fit inside of a connecting tube. The

inner protrusion may be a portion of an acceptor port. The inner protrusion may be tapered to

provide a smooth stiffness transition when inserted in a connecting tube. For example, the

diameter of the inner protrusion may increase slightly closer to the central region or hub. The

diameter of the inner protrusion at a distal end of the protrusion may be less than a diameter

of the protrusion at a proximal end of the protrusion. The ports have dimensions such that the

inner protrusion of the ports can fit inside of a connecting tube for the purpose of engagement

with the inner surface area of a connecting tube.

[0038] The joint may also have a lip designed to fit over a portion of the connecting tube.

The lip may be a portion of the acceptor port. The lip can be sized and shaped such that the

connecting tube can fit inside the lip for purpose of engagement of the outer surface of the

connecting tube. A snug fit of the tube inside of the lip may be provided.

[0039] In the case of carbon tubes, engagement on the inside surface of a tube may be tighter

because carbon tubes are fabricated by winding of composite material over a mandrel. The

fabrication method of winding over a mandrel allows for higher precision of the inside tube

diameter than the outer diameter. Therefore the joint protrusion for engagement with the

inner surface of the tube may be designed with a narrower tolerance.

[0040] The diameter of the inner protrusion designed to fit inside of a connecting tube may

be at least about 1/16", 1/8", 1/4", 1/2", 1", 2", 3", 4", 5", 10", 15", or 20". Alternatively, the

diameter of the inner protrusion may be less than any of the values described herein. The

diameter of inner protrusion may be tapered so that its diameter varies along its length.

[0041] A single joint may have two or more acceptor ports with non-equal diameters. For

example, the joint shown in FIG. 2c shows a joint 205 designed to accept tubes of different

diameters with a smaller tube being accepted at the upper port 206 and larger tubes accepted

at the lower ports 207. In another example, different ports on the same joint may be able to

accept tubes with a diameter ratio between different tubes of 1:2, 1:3, 1:4, 1:5, 1:6, 2:3, 2:5,

2:7, 3:5, or 3:7. Furthermore, tubes with different cross sectional shapes may be able to fit on

to different ports on the same joint. For example, a joint may have a port with an inner



protrusion with all or any combination of round, oval, square, rectangular, or irregularly

shapes. In other implementations, a single joint may have protrusions with equal diameters

and/or the same shape.

[0042] Furthermore, the joint may be configured to fit over a connecting tube as well as

inside the tube. For example, an acceptor port 207 of the joint may include an inner

protrusion 208 (e.g., the protrusion) and an outer protrusion 209. The inner protrusion may

be capable of being inserted into the connecting tube while the outer protrusion may overlie a

portion of the connecting tube. In some cases, the lip described elsewhere herein can

comprise the outer protrusion. The inner protrusion of the acceptor port may contact an inner

surface of a connecting tube while the outer protrusion may contact an outer surface of the

connecting tube. The inner protrusion and the outer protrusion may simultaneously contact

the inner and outer surfaces of the connecting tube at the same end. In this design, the

connecting tube can be surrounded on both sides by the joint when the tube and joint are

connected so that the joint engages both the inner and outer diameter of the connecting tube.

Both an inner and outer surface of an end of the tube may contact a portion of the joint. The

contact may include a full surface contact, or a partial contact.

[0043] In the joint design configured to engage both the inner and outer diameter of the tube,

the joint may have an inner protrusion that extends from the central hub, or body of the joint.

The inner protrusion may be inside of the outer protrusion, with an annular region or groove

separating the inner protrusion and the outer protrusion. The outer protrusion may not extend

from the central hub as far as the inner protrusion. The outer protrusion can be shorter than

the inner protrusion. The inner protrusion may be an inner region of the joint and the second

protrusion may be an outer region of the joint. The two protrusions may be co-axial or

concentric such that the radial thickness of the annular region may be uniform around the

circumference of the inner protrusion. The two protrusions may form substantially

concentric shapes (e.g., concentric cylinders, or any other shape).

[0044] The inner protrusion may extend further (away from the body of the joint) than the

outer protrusion within which the inner protrusion is located. The inner protrusion may thus

have a greater length than the outer protrusion. In some instances, the ratio of lengths

between the outer protrusion and the inner protrusion may be less than or equal to about 1:1,

1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:10, 1:12, 1:15, 1:20, 1:25, 1:30, or 1:50. The inner

protrusion may be solid. Alternatively the inner protrusion may be hollow with a wall

thickness of about 1/16", 1/8", 1/4", 1/2", 1", 2", 3", 4", or 5". The outer protrusion may have



a wall thickness of 1/16", 1/8", 1/4", 1/2", 1", 2", 3", 4", or 5". The outer protrusion may be

a lip that only covers a small portion of the connecting tube.

[0045] FIG. 2d shows a cross sectional view of a joint/tube assembly 211 comprising a joint

212 and connecting tubes 213. In this embodiment the protrusion designed to fit inside of a

connecting tube 214 is inside of the tube and protrusion designed to fit over the outer

diameter of a connecting tube 215 mates over the connecting tube. The diameter of the

region designed to fit over the outer diameter of a connecting tube may be at least 1/16", 1/8",

1/4", 1/2", 1", 2", 3", 4", 5", 10", 15", or 20".

[0046] A snug fit may be provided between the inner protrusion 214 and the connecting tube

213. Similarly, a snug fit may be provided between the outer protrusion 215 and the

connecting tube. A portion of the end of the connecting tube may be sandwiched between the

inner protrusion and the outer protrusion. The inner and outer protrusions may pinch over the

terminal end of the connecting tube.

[0047] An annular space 210 may be provided between the inner and outer protrusions 214,

215. The annular space may form a groove or channel between the inner and outer

protrusions. The annular region may provide a space for insertion of a connecting tube.

When the tubes and joints are assembled the tube may be pushed some distance into the

annular space between the inner and outer protrusions. The tube may be pushed into the

annular region only part of the way or the tube may be pushed in such that the end of the tube

contacts the back of the annular region (joint body).

[0048] The joint may mate with the inside of the tube and the outside of the tube. Each

end of a tube may be accepted by an acceptor port of a joint that may simultaneously contact

the inner and outer surfaces of the tube at the respective end. Engagement with both the

inside and outside of the tube may result in greater structural strength. The joint protrusion

may enter into a connecting tube at least 1/2", 1", 2", 3", 4", or 5". The region of the joint

that covers over the outer diameter of the tube may cover a tube length of at least 1/2", 1", 2",

3", 4", or 5". The ratio of the length of the tube that is engaged on the outer diameter surface

compared to the engagement of the inner diameter surface may be about 1:1, 1:2, 2:3, 1:3,

1:4, 1:5, 2:1, 3:2, 3:1, 4:1, or 5:1. The joint dimensions may be determined by the adhesive

volume required to bind the joint/tube assembly with sufficient structural rigidity for the

intended use.

[0049] The joint may be fabricated from a single integral piece of metallic material (e.g.

aluminum, titanium, or stainless steel, brass, copper, chromoly steel, or iron), a composite

material (e.g. carbon fiber), or a polymeric material (e.g. plastic). For example the joint



body, inner protrusion, and outer protrusion may all be formed from a single piece of

material. Alternatively the joint body, inner protrusion, and outer protrusion could be

machined separately and connected after fabrication. The joint protrusion and body may be

permanently affixed to each other. Portions of the joint may be immovable relative to the rest

of the joint. When a joint/tube assembly is formed, the structure may be rigid and joints may

prevent tubes from moving relative to each other.

[0050] The inner protrusion 214 of the joint, designed to enter into a connecting tube 213,

may have centering features. Centering features may be a raised pattern on the joint

protrusion designed to fit inside of a connecting tube. The centering feature may be raised

from an outer surface of an inner protrusion of the acceptor port. Optionally, centering

features may be on the inside region of the outer protrusion. In some implementations, the

centering features may be raise from both an outer surface of the inner protrusion and an

inner surface of the outer protrusion of the acceptor port. The height of a raised centering

feature may be at least 0.001", 0.005", 0.006", 0.007", 0.008", 0.009", 0.010", 0.020", 0.030",

0.040", or 0.050".

[0051] FIGs. 3a-d show detailed views of four possible joint centering feature

embodiments. FIG. 3a shows a small nub centering feature 301, this feature comprises a

pattern of raised dots on a tube engagement region of the joint protrusion. A tube

engagement region of the joint protrusion may be a portion of the joint protrusion configured

to come into contact with a surface of the tube. The tube engagement region may be

configured to be inserted into the tube. The dots may be provided in one or more row or

column, or in staggered rows and/or columns. The raised dots may have a diameter of at

least 0.001", 0.005", 0.006", 0.007", 0.008", 0.009", 0.010", 0.020", 0.030", 0.040", or

0.050".

[0052] FIG. 3b shows a spiral path centering feature 302, this feature comprises a

continuous raised line that winds around the full length of the tube engagement region of the

joint protrusion. The continuous raised line may wrap around the tube joint protrusion a

single time or multiple times. Alternative designs may comprise centering features with a

raised spiral centering feature that does not wrap around the full diameter of the tube

engagement region. In alternative embodiments the spiral centering feature may wind around

10 °, 20 °, 30 °, 40 °, 50 °, 60 °, 70 °, 80 °, 90 °, 100 °, 110 °, 120 °, 130 °, 140 °, 150 °, 180 °,

190 °, 200 °, 210 °, 220 °, 230 °, 240 °, 250 °, 260 °, 270 °, 280 °, 290 °, 300 °, 310 °, 320 °,

330 °, 340 °, 350 °, or the full 360 of the circumference of the engagement region. The



centering feature may further comprise multiple raised lines that wind around the full length

of the tube without intersecting in a fashion similar to multi-start screw threads.

[0053] FIG. 3c shows a labyrinth centering feature 303, this feature comprises raised

dashed lines circumscribing the tube engagement region of the joint at a 90 degree angle to

the direction of the length of the joint protrusion. Adjacent dashed lines in the labyrinth

centering feature are organized in a staggered pattern. Multiple rows of dashed lines may be

provided. The dashed lines may be substantially parallel to one another. Alternatively,

varying angles may be provided.

[0054] FIG. 3d shows an interrupted helix centering feature 304, this feature comprises

raised dashed lines circumscribing the tube engagement region of the joint at a 45 degree

angle to the direction of the length of the tube engagement region. In another example, the

centering feature could have a raised line circumscribing the tube engagement region at an

angle of 1 °, 5 °, 10°, 15 °, 20 °, 30 °, 45 °, 60 °, 75 °, 90 °, 105 °, 120 °, 135 °, 150 °, 165 °, or

180 °. The dashed lines in the centering features shown in FIG. 3c and FIG 3d may have a

length of at least 0.005", 0.006", 0.007", 0.008", 0.009", 0.010", 0.020", 0.030", 0.040",

0.050" or 0.100".

[0055] Other patterns in addition to those described in FIG. 3a-FIG. 3d may be used.

Alternative patterns may include dashed lines at irregular angles or spacing, a combination of

lines and dots, or a group of solid lines winding around the engagement region with uniform

or non-uniform spacing between the lines. In some instances, the centering features may be

patterned so a direct straight line may not be drawn from a distal end of an inner protrusion to

the proximal end without intersecting one or more centering feature. This may force

adhesive to take a more roundabout path and encourage spreading of the adhesive, as

described further elsewhere herein. Alternatively, a straight line may be provided from a

distal end to a proximal end of the inner protrusion without intersecting one or more

centering feature.

[0056] The centering features may be added to the joint protrusion with different

densities. For example, a joint protrusion may be fabricated such that 90% of the protrusion

is covered with raised centering features. In the case with 90% centering feature coverage the

features may be very closely spaced. Alternatively the centering features may cover at least

5%, 10%, 15%, 20%, 25%, 30%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, or 95% of the protrusion. The centering features may cover less than any of the

percentages described herein. The centering features may fall within a range between any

two of the percentage values described herein.



[0057] The centering features may be raised such that a joint/tube assembly comprises

space between an inner surface of the connecting tube and the surface of the joint protrusion

designed to enter into a connecting tube. The tolerance between the inner tube diameter and

the protrusion may be such that the joint and tube form a force fit connection. In the case of a

force fit connection, centering features may or may not deform upon tube insertion in to the

joint. The centering features may center the joint protrusion inside of a connecting tube such

that the distance between the inner surface of the connecting tube and the surface of the joint

protrusion may have a uniform radial thickness. Alternatively the centering features may

encourage non-uniform distribution of the space between the joint protrusion and the

connecting tube.

[0058] In some cases, a seal can be provided on the joint protrusion. FIG. 7 shows a

cross section of a joint inner protrusion that includes a seal 701. The seal can be a rubber

seal. The seal can be a metal seal. The seal can be a plastic seal. The seal can be formed

from a polymer material. The seal can be formed from Teflon. The seal can be provided on

an end of an inner protrusion closest to the joint body. In some cases, a seal can additionally

or alternatively be provided on an end of the inner protrusion that is farthest from the joint

body. When a tube is fitted on the inner protrusion the seal can form an air tight, dust tight,

and/or liquid tight seal between the inner protrusion and the tube. In some cases, an

additional seal can be provided on the inner diameter of the tube that is connected to the inner

protrusion. The tube and the joint protrusion can be sealed completely by the seal on the

protrusion and/or on the tube such that an additional sealing mechanism can be omitted.

[0059] FIG. 4 shows a detailed cross sectional view of a connecting tube 401 engaged

with a joint 402 with centering features 403. The joint may have an inner protrusion that may

be a small diameter engagement region of the joint. The centering features center the inner

protrusion inside of a connecting tube such that the center of the connecting tube and the

center of the join protrusion are co-axial. The centering features create a space 404 between

an outer surface of the small diameter engagement region of the joint and the inner surface of

the connecting tube. Said space may be filled with adhesive to bind the tube and joint

assembly. The adhesive may be confined to the space between the outer surface of the inner

protrusion of the joint and the inner surface of the connecting tube. This may be the case

when the centering features are provided on the outer surface of the inner protrusion.

[0060] In some alternative embodiments, a space may be provided between an outer

surface of the connecting tube and an inner surface of an outer protrusion 405 of the joint.

Optionally, one or more centering features may be provided on an inner surface of the outer



protrusion of the joint, which may create the space. Adhesive may fill the space between the

inner surface of the outer protrusion and the outer surface of the tube. Either or both of the

joint and the adhesive can be heated prior to injecting the adhesive into the space to achieve a

desired flowability or viscosity of the adhesive. The centering features may have any

configuration, such as those described elsewhere herein. The centering features may provide

a uniform, or non-uniform space around the circumference of the tube. In some instances,

stopping features may be provided, that may prevent adhesive from leaking outside the

portion of the outer surface of the tube that is covered by the outer protrusion.

[0061] Adhesive may contact only the tube inner surface, only the tube outer surface, or

both. In some implementations, centering features may be provided on both an outer surface

of an inner protrusion of a joint and an inner surface of an outer protrusion of the joint. A

space may be formed between an inner surface of the tube and an outer surface of the inner

protrusion, as well as an outer surface of the tube and an inner surface of the outer protrusion.

Adhesive may be used to fill both the space between an inner surface of the tube and an outer

surface of the inner protrusion, and the space between an outer surface of the tube and an

inner surface of the outer protrusion.

[0062] An adhesive may be used to bind the joint and tube together to form a rigid

structure. The adhesive may firmly affix the joint and tube to one another in forming a

vehicle chassis. The adhesive may be any flowable adhesive, such as an epoxy, glue, resin,

or cement. The joint may comprise specific passages and openings to enable post-assembly

injection of adhesive to specific locations.

[0063] FIG. 5a and FIG. 5b show features of the joints designed for adhesive injection

into the space between the surface of the inner protrusion of the joint and the inner surface of

the connecting tube. FIG. 5a shows a joint 501, the joint has an orifice for adhesive injection

or vacuum attachment502.

[0064] FIG. 5b shows a magnified cross sectional view of a joint 503 with a vacuum port

504 mated to a connecting tube 505. An injection port 506 may be provided opposite the

vacuum port. The injection port may be provided on the joint. A vacuum port may be

connected to a negative pressure source, such as a vacuum pump. An injection port may be

connected to an adhesive reservoir. In some instances, a positive pressure may be exerted on

or by the adhesive reservoir. The cross-sectional view in FIG. 5b shows the fluid pathway

(e.g., channel) 507 inside of a wall of the inner joint protrusion 507. The fluid pathway may

pull injected adhesive from an adhesive source (connected reservoir) at the injection port 506

into the space between the surface of the joint protrusion and the surface of the inner diameter



of the connecting tube. Vacuum ports 504 and injection ports 506 may be positioned on

opposite sides of the joint to distribute adhesive uniformly. For example, they may be

provided circumferentially opposing one another on an acceptor port of a joint. They may be

provided at or near a proximal end of an acceptor port for a joint. Alternatively, they may be

provided at or near a distal end of an acceptor port of the joint, or any combinations thereof.

A joint may have at least about 1, 2, 3, 4, 5, 10, 15, or 20 vacuum ports or injection ports on

each protrusion. Vacuum and injection ports can be positioned far from, in close proximity

to, or co-axially with an internal joint feature such as the fluid pathway inside of a wall of the

inner joint protrusion, which may provide uniform adhesive coating. Optionally, the vacuum

and injections ports may be alternatingly positioned in close proximity or co-axially with the

internal node features. Vacuum and injection ports can be optimally positioned on a node to

enable usage of a combined vacuum/injection tool with set vacuum/injection port spacing and

geometry. The number of vacuum ports and injection ports may not necessarily have to be

equal. Implementations with one vacuum port and a plethora of injection ports, or one

injection port and a plethora of vacuum ports may be possible.

[0065] The distribution of the adhesive in the space may be influenced by the centering

features. For example, a nub centering feature may permit maximum bond area between the

joint and tube. In another case, a spiral path centering feature may generate a long path for

the adhesive to flow. A spiral path centering feature may be preferable in embodiments

where the adhesive needs to fill a space far from the injection site. In another case, a

labyrinth centering feature may force uniform distribution of the adhesive around the tube. A

labyrinth centering feature may be preferable in embodiments where uniform distribution of

the adhesive is desired for structural stability. Labyrinth and interrupted helix centering

features may force the adhesive to uniformly distribute upon injection by creating an internal

fluid path for the adhesive which may traverse the space uniformly. In some instances, the

centering features may be configured to force the adhesive to travel circumferentially around

the tube. The centering features may also be configured to force the adhesive to travel along

the length of the tube. Preferably, centering features may be configured to cause the adhesive

to spread evenly along the surface of the tube, which may include both the circumferential

and lengthwise spreading of the adhesive.

[0066] Adhesive may be injected into the space by vacuum or pressure injection. In the case

of vacuum injection at least one port may be connected to a low pressure source and at least

one other port may be connected to an adhesive reservoir, upon engagement of the low



pressure source adhesive may be sucked into the space from the reservoir. Alternatively a

port may be connected to a pressure source and adhesive may be pushed into the space.

[0067] Joints may be fabricated with nipples attached to the injection port or vacuum port

504. The nipples may connect to the pressure source, vacuum source, and/or adhesive

reservoir. The nipples may be protrusions that may stick out of the joint (see, e.g., 606 of

FIG. 6). Alternatively, the nipples need not protrude from the joint. The nipples may include

an opening that may be fluidically connected to an internal space between a tube and one or

more protrusions of the joint. The nipples may be in fluid communication with a fluid

pathway 507. A nipple may be formed with an internal channel that is in fluid

communication with an annular region of the acceptor port and/or a surface of the acceptor

port. The internal channel may be in fluid communication with an exterior surface of an

inner protrusion of the acceptor port. The internal channel may or may not be in fluid

communication with an interior surface of an outer protrusion of an acceptor port. The use of

nipples may simplify the injection process by removing the need for specific hardware or

tools; for example fittings, nozzles, or syringes. The nipples may be removed after assembly

of a structure. For example, after the adhesive has been inserted and/or hardened, the nipples

may be removed. Nipples may have the form of 216 in FIG. 2c. The nipples may extend

from the protrusion 1/16", 1/8", 1/4", 1/2", 1", 2", 3", 4", 5", or 10". Similarly they may have

a diameter of 1/16", 1/8", 1/4", 1/2", 1", 2", 3", 4", 5", or 10".

[0068] Joints may comprise integrated structural features. Integrated structural features

may include fluid plumbing, electrical wiring, electrical buses, panel mounts, suspension

mounts, or locating features. Integrated structural features may simplify the chassis design

and decrease the time, labor, parts, and cost needed to construct the chassis structure.

[0069] Joints may comprise mounting features for shear panels or body panels of a

vehicle. Mounting features on the joints may allow panels to be connected directly to a

vehicle chassis frame. Mounting features on the joints may be designed to mate with

complimentary mating features on the panels. For example mounting features on the joints

may be flanges with holes for hardware (e.g. screws, bolts, nuts, or rivets), snaps, or flanges

designed for welding or adhesive application. FIGs. 6a-c show features of the joints designed

for integration with other systems on-board a structure, such as a vehicle. Joints may be

designed to integrate with shear panels or body panels of a structure.

[0070] FIG. 6a shows a joint 601 with a flange 602. The flange 602 may be used to

connect to a shear panel or body panel (not shown). In the case of use of the joint members

to construct a vehicle chassis, joint member may be integrated with a suspension system. A



suspension system may comprise hydraulic, air, rubber, or spring loaded shock absorbers.

The suspension system may connect to the joint member by an attachment to a flange 602.

[0071] Joints may include electrical connections. Electrical connections integrated into

the joints may be electrically insulated. Electrical connections integrated into the joints may

be in communication with wiring routed through the tubes connected to the joint. The

electrical wiring may be used to provide power to systems on board a vehicle and/or to

provide power to a battery to start or run the vehicle engine. Systems on board a vehicle that

use power from the integrated joints may include, navigation, audio, video display, power

windows, or power seat adjustment. Power distribution within a vehicle may travel

exclusively through a tube/joint network. FIG. 6b shows a possible joint embodiment for

routing of electrical wires throughout a structure 603. The joint shown in FIG. 6b has with an

inlet region 604; this inlet could be used for insertion of electrical connections or wires.

Electrical wires may be inserted into the inlet region and routed from the joint to the tube for

transmission throughout the chassis. One or more system that may be powered using the

electrical wires may connect with the wire through the inlet region.

[0072] Joints may comprise an integrated heating and cooling fluid system to provide

heat and air conditioning in the vehicle chassis. Other applications may include cooling

and/or heating various components of the vehicle. Integration of fluid (e.g. gas or liquid)

systems into the joint/tube construction may partially or fully eliminate the need for

conventional air ducts and plumbing from vehicle design. Joints may route hot or cold fluid

from a production source (e.g. electric heating element, engine block heat exchanger,

refrigerator, air conditioning unit, or boiler) to a location in the chassis where a passenger or

vehicle operator may wish to heat or cool the interior. Joints may contain integrated

components to intake hot or cold fluid from a source, distribute hot or cold fluid, and vent hot

or cold fluid at a location away from the source. Joints and tubes in the assembly may be

thermally insulated using fiberglass, foam insulation, cellulose, or glass wool. The joint and

tube assembly may be fluid tight. In the case of a joint comprising an integrated fluid system

the joint embodiment shown in FIG. 6b may be used. An inlet such as the one illustrated in

the figure 604 may be used to route fluid for heating or cooling throughout a structure by

means piping the fluid between a plurality of joints through the connector tubes. A cross

sectional view of a joint 605 used for routing of fluid or electricity is shown in FIG. 6c. The

passageways used for routing of fluid and electricity may be the same passageways or they

may be separate. Internal node routing may keep two or more fluids separate within a node



while still providing desired routing between tubes, or from tube to node-mounted connectors

or features.

[0073] Joints may include integrated locating or identifying features. The features may

enable automated identification or handling of the joints during assembly and processing.

Examples of locating features may include a cylindrical boss (e.g. a boss with a flat and

radial groove), an extruded C-shape with a cap, a bayonet or reverse bayonet fitting with a

non-symmetric pin pattern, a hook feature, or other features with geometry that may uniquely

define the feature orientation and position when examined. The orientation and/or position of

the joint may be determined to a 6 axis pose when the locating features are examined. For

example, the position of the joint in three dimensions of space and/or orientation of the joint

about three or more axes may be determined.

[0074] These locating features may be interfaced to or grasped by robotic grippers or

work holding tools. The interface of the joint may be fully defined once the grasping motion

begins, is partially finished, or is complete. The locating features may enable repeatable and

optionally automated positioning of the joints prior to and during space frame assembly. The

defining geometry of the features may also enable automated systems to coordinate the

motion of multiple joints along defined paths in space during insertion of tubes into the joints.

At least two tubes may be inserted into multiple joints in parallel without resulting in

geometric binding during assembly.

[0075] The integrated locating feature may further comprise integral identifying features.

For example identifying features may be a one dimensional bar code, a two dimensional QR

code, a three dimensional geometric pattern, or a combination of these elements. The

identifying feature may encode information about the joint to which it is attached. This joint

information may include: geometry of the joint, including the orientation of the tube entries

relative to the identifying/location feature; material of the joint; positioning of adhesive

injection and vacuum ports relative to the identifying/locating features; adhesive required by

the joint; and joint tube diameters. The combined identifying/locating feature may enable

automated positioning of joints for assembly without requiring external information to be

supplied to the automated assembly cell.

[0076] While preferred embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are

provided by way of example only. It is not intended that the invention be limited by the

specific examples provided within the specification. While the invention has been described

with reference to the aforementioned specification, the descriptions and illustrations of the



embodiments herein are not meant to be construed in a limiting sense. Numerous variations,

changes, and substitutions will now occur to those skilled in the art without departing from

the invention. Furthermore, it shall be understood that all aspects of the invention are not

limited to the specific depictions, configurations or relative proportions set forth herein which

depend upon a variety of conditions and variables. It should be understood that various

alternatives to the embodiments of the invention described herein may be employed in

practicing the invention. It is therefore contemplated that the invention shall also cover any

such alternatives, modifications, variations or equivalents. It is intended that the following

claims define the scope of the invention and that methods and structures within the scope of

these claims and their equivalents be covered thereby.



CLAIMS

WHAT IS CLAIMED IS:

1. A joint member for connection of a plurality of connecting tubes forming a space

frame, said joint member comprising:

a plurality of acceptor ports, wherein each acceptor port comprises (i) an inner

protrusion with an outer diameter less than or equal to an inner diameter of a corresponding

connecting tube of the space frame, said inner protrusion sized and shaped to be inserted into

an end of the corresponding connecting tube, and (ii) an outer protrusion with an inner

diameter greater than or equal to an outer diameter of the corresponding connecting tube, said

outer protrusion sized and shaped to fit over at least a portion of an outer surface of the end of

the corresponding connecting tube.

2 . The joint member of claim 1, wherein two or more acceptor ports of the plurality of

acceptor ports are arranged at an angle relative to one another that is different from an angle

at which two or more different acceptor ports of the plurality of acceptor ports are arranged

relative to one another.

3 . The joint member of claim 1, wherein at least a portion of a surface of the inner

protrusion comprises one or more centering features.

4 . The joint member of claim 3, wherein the centering features are portions of the

surface of the inner protrusion that are raised in a regular or irregular pattern.

5 . The joint member of claim 3, wherein the centering features force a predetermined

spacing distance between the surface of the inner protrusion and an inner surface of the

connecting tube.

6 . The joint member of claim 1, wherein the inner protrusion is sized and shaped such

that a contained volume is generated between a surface of the inner protrusion and the

corresponding connecting tube when the connecting tube is fitted on the inner protrusion.

7 . The joint member of claim 1, wherein adhesive is provided in the contained volume to

form a bond between the joint member and the corresponding connecting tube.

8. A method of using the joint member of claim 1, the method comprising

forming a first space frame with a set of joint members and connecting tubes;

disassembling the first space frame; and

forming a second space frame with at least a subset of the joint members and the

connecting tubes that formed the first space frame.

9 . The method of claim 8, wherein the first space frame and the second space frame

correspond to different types of vehicles.



10. A joint member for connection of a plurality of connecting tubes forming a space

frame, said joint member comprising:

at least one acceptor port comprising (i) an inner protrusion with an outer diameter

less than or equal to an inner diameter of a corresponding connecting tube of the space frame,

said inner protrusion sized and shaped to be inserted into an end of the corresponding

connecting tube, and (ii) one or more centering features raised from an outer surface of the

inner protrusion, said one or more centering features configured to create a space between an

inner surface of the corresponding connecting tube and an outer surface of the inner

protrusion about the circumference of the inner protrusion when the inner protrusion is

inserted into the end of the corresponding connecting tube.

11. The joint member of claim 10, wherein the centering features are raised in a pattern

on the outer surface the inner protrusion.

12. The joint member of claim 10, wherein the centering features force a longitudinal axis

of the inner protrusion and a longitudinal axis of the corresponding connecting tube to be

coaxial when the inner protrusion is inserted into the end of the corresponding connecting

tube.

13. A method of using the joint member of claim 10, the method comprising

forming a first space frame with a set of joint members and connecting tubes;

disassembling the first space frame; and

forming a second space frame with at least a subset of the joint members and the

connecting tubes that formed the first space frame.

14. The method of claim 13, wherein the first space frame and the second space frame

correspond to different types of vehicles.

15. A joint member comprising:

a central hub;

two or more acceptor ports extending away from the central hub, wherein each

acceptor port is formed with (i) an inner protrusion and (ii) an outer protrusion that is

concentric with the inner protrusion, wherein the inner protrusion and the outer protrusion

form an annular region therebetween for mating with a terminal end of a connecting tube that

is fitted on the inner protrusion; and

one or more fluid ports connected to each of the two more acceptor ports, said one or

more fluid ports in fluid communication with an internal channel inside of a wall of the inner

protrusion.



16. The joint member of claim 15, wherein the internal channel is in fluid communication

with a space between an outer surface of the inner protrusion and an inner surface of the

connecting tube when the connecting tube is fitted on the inner protrusion.

17. The joint member of claim 15, wherein at least one of the one or more fluid ports is

connected to an adhesive source.

18. The joint member of claim 17, wherein adhesive is provided from the adhesive source

to the space between an outer surface of the inner protrusion and an inner surface of the

connecting tube through the one or more fluid ports in fluid communication with the internal

channel.

19. The joint member of claim 15, wherein at least one of the one or more fluid ports is

connected to a negative pressure source.
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