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57) ABSTRACT 
A first hollow semisphere having therein a cup-like part 
with a socket and a second hollow semisphere having 
therein a hollow journal cylinder for receiving an axle 
are joined together along their peripheral rims to form 
a hollow spherical structure, one end of the journal cyl 
inder, which is integrally formed with the second semis 
phere, being fitted in the socket of the first semisphere, 
and a passageway is provided to communicate the hol 
low interior of the structure with the journal bore. This 
spherical structure may be used as it is or it may be en 
veloped in an outer layer to form a hollow spherical ar 
ticle such as a spherical wheel in a caster. 

11 Claims, 21 Drawing Figures 
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HOLLOW SPHERE LIKE STRUCTURES 

BACKGROUND OF THE INVENTION 

This invention relates generally to sphere-like struc 
tures to be rotatably or fixedly supported on other 
structures. More particularly, the invention relates to 
new and advanced sphere-like structures of high 
strength, durability, and excellent appearance for 
caster wheels, other wheels, doorknobs, control lever 
knobs, toys, and various other uses. 
The term "sphere-like' is herein used to designate 

spheres and figures which are not too far removed from 
spheres, examples of such figures being ellipsoids, 
other spheroids, ovals, and ovaloids. 
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2 
supported on cantilever shaft structures or through 
shaft structures supported at the two ends thereof. 
According to this invention in one aspect thereof, 

briefly summarized, there is provided a hollow sphere 
like structure comprising a first hollow semishell having 
therein a journal seat formed integrally therewith and 
having a socket and a second hollow semishell having 
therein a journal cylinder formed integrally therewith 
and having a journal bore formed coaxially there 
through for receiving a shaft structure, the semishells 
being joined together along peripheral rims thereof, an 
end of the journal cylinder being fitted in the socket of 

There is a recent trend in modern casters toward the 15 
use of spherical wheels because of the universality of 
their direction of rolling and because of their relatively 
small surface loads. Spherical wheels known hereto 
fore, however, have been of solid internal construction, 
being molded of materials such as synthetic resins. Ac 
cordingly, large quantities of these materials were re 
quired and gave rise to high material costs and great 
weight of each sphere. Furthermore, there have been 
various problems with these wheels, such as concavities 
in the inner wall surface of their axle bearing or journal 
bores due to contracting action caused by shrinkage 
during injection molding of these wheels. 
Moreover, when a wheel made of a hard synthetic 

resin is used on a soft floor surface, the floor surface is 
easily damaged. Even when the wheel is made of soft 
synthetic resins, it still requires a core of a sphere as de 
scribed above, whereby the above described problems 
still remain and give rise to difficulties in fabrication. 
Furthermore, the rotatable connection between a 

spherical wheel and the axle to support the wheel pres 
ents many difficulties. A common conventional ar 
rangement for this purpose comprises a journal bore 
having an open end and a closed bottom and provided 
centrally in the wheel, a steelball inserted into this bore 
and rotatably resting on the bottom thereof, the axle 
rotatably fitted into the journal bore with its tip resting 
rotatably on the steel ball for smooth low-friction rota 
tion under load, and means such as a clip ring for re 
taining the axle in the journal bore. 

In an arrangement as described above, however, 
there are many difficulties such as the necessity of 
using numerous parts such as the steel ball and a clip 
ring, the necessity of much labor in fabrication, and the 
resulting high manufacturing cost. 
The above described difficulties are encountered in 

the case of solid spherical wheels with journal bores for 
receiving cantilever axles and also in the case of solid 
spherical wheels with through holes or bores for receiv 
ing axles therethrough supported at their two ends. 
These difficulties are also encountered in the case of 
solid knobs of sphere-like shape for doors, controlle 
vers, and the like. 

SUMMARY OF THE INVENTION 
It is an object of this invention to provide sphere-like 

hollow structures using a minimal quantity of material 
and having a minimal number of parts which structures 
are easily fabricated, undergo no deformation after 
forming, have high mechanical strength and light 
weight, can be produced to sell at a low price, have ex 
cellent exterior appearance, and can be adapted to be 
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the journal seat, and a passageway communicating the 
hollow interior of the sphere-like structure with the 
journal bore. 
According to this invention in another aspect 

thereof, there is provided a finished sphere-like article 
comprising the combination of the above described 
sphere-like structure and an outer layer enveloping the 
Structure. 

The nature, principles, and utility of this invention 
will be more clearly apparent from the following de 
tailed description with respect to a number of examples 
of sphere-like structures constituting preferred em 
bodiments of the invention when read in conjunction 
with the accompanying drawings, in which like parts 
are designated by like reference numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. is a sectional elevation taken along a plane 

passing through the axle journal axis of a hollow spheri 
cal core structure of a spherical caster wheel according 
to the invention; 
FIGS. 2 and 4 are similar sectional views respectively 

showing the upper and lower semispheres of the struc 
ture shown in FIG. 1; 
FIGS. 3 and 5 are planar views respectively of the 

semispheres shown in FIGS. 2 and 4 as viewed from 
their open ends; 
FIG. 6 is an elevation, with parts cut away and parts 

shown in section, showing one example of assembly of 
a spherical wheel having a core structure as illustrated 
in FIGS. 1 through 5 in a caster; 
FIG. 7 is another elevation of the same caster as 

viewed from a direction perpendicular to the direction 
of the view of FIG. 6; 
FIGS. 8 through 12, inclusive, are views similar to 

FIGS. 1 through 5, respectively, showing the details of 
another example of the core structure of a spherical 
structure according to the invention; 
FIGS. 13 through 17, inclusive, are views also similar 

to FIGS. 1 through 5, respectively, showing the details 
of still another example of the core structure of a spher 
ical structure of the invention, in which a through hole 
is provided to function as an axle journal; 
FIG. 18 is an elevation showing one example of as 

sembly of the spherical structure having the core struc 
ture illustrated in FIGS. 13 through 17 as a wheel in a 
wheel and mounting assembly; and 
FIGS. 19(a), 19(b), and 19(c) are a perspective view, 

a perspective view, and an elevation, respectively, illus 
trating a few examples of use of sphere-like structures 
according to the invention in applications other than 
wheels. 
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DETALED DESCRIPTION 
Referring first to FIGS. 1 through 5, the spherical 

structure generally designated therein by reference nu 
meral 1 constitutes a core structure for a spherical 5 
structure and comprises an upper semisphere 2 and a 
lower semisphere 3 both of a synthetic resin molded 
into hollow semipherical shape and combined to form 
the hollow core structure. 
The lower semisphere 3 has therein in central align- 10 

ment a journal seat 5 having a journal socket 4 and 
formed integrally with the lower semisphere. The bot 
ton and side wall surfaces of this journal socket are 
provided with a continuous groove 6 for venting. The 
upper semisphere 2 has therein in central alignment a 15 
journal sleeve or cylinder 7 having a journal bore 8 and 
formed integrally with the upper semisphere. The lower 
end of the journal cylinder 7 has outer dimensions and 
a shape such that it will fit snugly into the socket 4 of 
the journal seat of the lower semisphere when the two 20 
semispheres are assembled. 
The journal bore 8 of the journal cylinder 7 is open 

at its upper end and has at its lower end a concave coni 
cal bottom having a through vent hole 9 of small diame 
ter communicating with the above mentioned groove 6 25 
when the end of the cylinder 7 is fitted into the socket 
4. 
The peripheral rims of the upper and lower semis 

pheres 2 and 3 are provided respectively with stepped 
shoulders 10 and 11 formed therearound to fit in mu- 30 
tual engagement to form an annular rebated joint or 
socket-and-spigot joint when the two semispheres are 
assembled together and therby to form a core structure 
1 having a smooth surface at the joint between the two 
semispheres. Each of the upper and lower semispheres 
2 and 3 has on its outer spherical surface a number (six 
in the example shown) of reinforcing ridges or ribs 12. 
After the two semispheres 2 and 3 have been assem 

bled as described to form the core structure 1, the core 
structure is enveloped with an outer layer 13 of uni 
form thickness of a material such as a soft resilient syn 
thetic resin or rubber so as to form a spherical structure 
with an elastic property. 
A spherical structure of the above described hollow 

construction according to this invention can be 
adapted to serve as a wheel in a caster as illustrated by 
one example in FIGS. 6 and 7. In this application, the 
spherical structure is rotatably supported on a cantile 
ver axle 15 inserted into the journal bore 8 and bearing 
at its extreme inner tip on a steel ball 15a previously 
placed on the conical bottom of the bore 8. 
The outer end of the axle 15 is rigidly and perpendic 

ularly fixed to the outer part of a swivel bracket 16 for 
wheel mounting, between which and the spherical 
wheel, bearing means such as a ball bearing 15b 
encircling the root part of the axle 15 is provided. The 
swivel bracket 16 is rotatably supported at its inner part 
by a swivel mounting member 14 for attachment to a 
structure 30 to be castered. The mounting member 14 60 
in this example is a threaded pin screwed vertically into 
mating internal threads (not shown) in the structure 
30. The swivel bracket 16 is thus free to swivel about 
a swivel axis which, in this example, is vertical and co 
incident with the axis of the pin 14. 65 
The axle 15 is at suitable angles of inclination for 

castering relative to the axis of the mounting pin 14 as 
viewed in FIGS. 6 and 7, and the swivel bracket 16 is 
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4. 
bent accordingly so that its parts connected to the shaft 
15 and the pin 14 are respectively perpendicular 
thereto. - 

More specifically, FIG. 6 is an elevation as view in a 
direction perpendicular to a vertical plane passing 
through the axis of the mounting pin 14 and through 
the root part of the axle 15 fixed to the swivel bracket 
16, while FIG. 7 is an elevation orthogonal to FIG. 6, 
i.e., an elevation of the caster assembly as viewed from 
the right side in FIG. 6. The axle 15 is so orientated that 
its axis is at a carefully designed inclination angle D rel 
ative to the axis of the pin 14 as viewed in FIG. 6 and 
at a carefully designed inclination angle E relative to 
the axis of the pin 14 as viewed in FIG. 7. 
This double castering inclination of the axle 15 elimi 

nates dead-center situations in the operation of the 
caster and affords reliable castering. One method of 
providing this orientation of the axle 15 is to use an 
originally flat plate for the swivel bracket 16 and to 
bend it along a creasing line which is at an angle other 
than zero relative to a line joining the pin 14 and the 
root end of the axle 15 as viewed in plan view. 

In the production of the spherical structure of the 
above described organization according to this inven 
tion, the upper and lower semispheres 2 and 3 are sepa 
rately molded and then assembled, the journal cylinder 
7 of the semisphere 2 being fitted into the socket 4 of 
the journal seat 5 of the semisphere 3, and stepped 
shoulders 10 and 11 being fitted together, thereby to 
form the core structure 1. In the case where this spheri 
cal structure is to be used directly, as it is without an 
outer layer, the peripheral rebated joint along the 
shoulders 10 and 11 is bonded by means of an adhesive. 

In the case where this structure 1 is to be used as a 
core structure, it is enveloped by an outer layer 13 of 
a soft resilient material by any suitable process such as 
molding or casting. During such a process, the air in the 
hollow space between the outer walls of the semis 
pheres 2 and 3 and the combination of the journal cyl 
inder 7 and journal seat 5 will become pressurized to 
cause deformation of the spherical structure if it cannot 
escape. 
A feature of this invention is the provision of the 

groove 6 and the vent hole 9 whereby this air can ex 
pand and escape into the bore 8 and hence to outer at 
mosphere, and whereby deformation of parts of the 
core structure and of the spherical structure is pre 
vented. While the groove 6 is formed in the inner wall 
surface of the journal seat 5 in the above described ex 
ample, it will be obvious that this groove may be alter 
natively formed on the outer surface of the lower end 
part of the journal cylinder 7. 
The above described organization of the spherical 

structure according to this invention affords several 
other advantageous features. In the construction of the 
structure, the central journal cylinder 7 fits snugly in 
the socket 4 in the journal seat 5 to form a firmly rigid 
central structure for receiving an axle, shaft, or lever, 
and the peripheral parts of the semisphere are joined 
securely by an annular rebated joint and form an inte 
gral outer shell, which is integral with the rigid central 
structure. Accordingly, this hollow structure has high 
strength but is much lighter and entails a lower material 
cost than a solid structure. 

Furthermore, the fabrication of the core structure 
from two semispherical parts greatly facilitates the 
manufacturing process of forming a hollow spherical 
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structure, which process is difficult by most other 
methods. Thus, hollow spherical structures of excellent 
exterior appearance without deformations can be easily 
produced. 

In a modification, as illustrated in FIGS. 8 through 
12, of the preceding example of this invention, the gen 
eral construction of the spherical structure 1 is similar 
to that of the preceding example except for the parts 
relating to the joint between the journal cylinder 7 and 
the journal seat 5. 
More specifically, the lower end part of the journal 

cylinder 7 is reduced in diameter to form a stepped 
shoulder 17 for engagement with the upper rim surface 
5a of the journal seat 5, the lower reduced-diameter 
end of the journal cylinder fitting snugly into the socket 
4 in the journal seat 5, when the two semispheres 2 and 
3 are joined together. An annular rebated joint is thus 
formed between the cylinder 7 and the seat 8. 
The lower extremity of the cylinder 7 has an inwardly 

extending frustoconical flange 18 having a lower rim 
defining the lower opening of the journal bore 8 cen 
trally formed in the journal cylinder 7. The lower rim 
of this flange 18 is adapted to fit into an annular groove 
19 formed around an axle, (shaft, or lever) 15 near the 
end thereof when it is inserted into the journal bore 8. 
The lower part of the axle 15 below the groove 19 is 

of bulbous shape with a cone-like wedge tip 15a for fa 
cilitating the forceful passage of this tip past the lower 
rim of the constricted opening in flange 18 of the jour 
nal cylinder 7, the rim being elastically and temporarily 
dilated during this passage of the axle tip and contract 
ing thereafter into engagement with the annular groove 
19. The end of the axle 15 is thereby locked and pre 
vented from being extracted. When necessary, the 
flange 18 may be provided with cuts made outward 
from the lower rim thereby to facilitate the above men 
tioned elastic dilation thereof. 
To prevent further axial movement of the axle 15 

into the journal bore 8, that is, to provide the axle 15 
with thrust bearing means, the axle 15 is provided with 
an enlarged diameter part 20 adapted to abut against 
and slidably bear on an open end surface 8a formed on 
the upper semisphere 2 at the upper end of the journal 
bore 8. 
Thus, the above described construction affords a sim 

ple assembly procedure wherein the spherical structure 
is merely fitted onto the axle 15 and snapped into 
place, and wherein there is no necessity for using a steel 
ball as in the preceding example. Accordingly, this or 
ganization affords simple and low-cost fabrication and 
assembly. 

In the above described core structure i, also, a 
groove 6 is provided in the journal seat 5 for relieving 
internal air pressure during the molding of an outer 
layer 13 on the core structure thereby to prevent defor 
mation of the spherical structure. In other respects, the 
details and features of this core structure are similar to 
those of the structure of the preceding example. 

In still another embodiment of the invention as illus 
trated in FIGS. 13 through 18, the spherical structure 
of this invention is adapted to be rotatably supported 
on a through axle 23 which, in contrast to the cantile 
ver axles 15 of the preceding two examples, is sup 
ported at its two ends. The spherical structure, itself, 
has essentially the same construction as those in the 
preceding examples, comprising a core structure 1 of 
hollow construction made up of two semispheres 2 and 
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6 
3a and an outer layer 13 of a material such as a syn 
thetic resin or a rubber. 
As in the preceding examples, particularly the first 

example, one semisphere 2 has a central journal cylin 
der 7 snugly fitted at its end into a journal socket 4 in 
a journal seat 5 formed in the other semisphere 3a and 
has a vent groove 6. 
This other semisphere 3a, however, differs from the 

lower semispheres 2 of the preceding examples in that 
it has a through hole 21 opening out to the exterior and 
constituting a coaxial extension of the journal bore 8 
formed through the journal cylinder 7. The through 
hole 21 and the journal bore 8 are of equal diameter 
and, in the assembled state of the core structure, form 
an integral journal constituting a bearing for the axle 23 
exteding therethrough. 
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The through axle 23 is supported at its two ends by 
the straddle or fork arms of an axle holding frame 22, 
which is secured to a structure (not shown) such as a 
chair or some other article of furniture. This spherical 
structure, also, has the various advantageous features 
set forth with respect to the preceding examples. 
While the invention has been described above with 

respect to examples thereof wherein spehrical struc 
tures are designed principally to function as wheels, it 
is to be understood that the teachings of the invention 
can be applied with high effectiveness to sphere-like 
structures other than wheels. A few examples of such 
applications are illustrated in FIG. 19 (a) showing a 
sphere-like structure. At according to the invention 
used as a door knob, in FIG. 90b) showing a sphere 
like structure A, used as a knob at the distal end of a 
control lever, and in FIG. 19 (c) showing spherical 
structures. As of the invention used in a percussion toy. 
Furthermore, as mentioned hereinbefore, the hollow 

sphere-like structures according to this invention can 
be used directly as assembled without added material 
such as an outer layer, or they can be used as core 
structures enveloped by outer layers. 

I claim: 
1. A hollow sphere-like structure comprising a first 

hollow hemisphere-like semishell having therein a jour 
nal seat formed integrally therewith on the inner sur 
face thereof and having a socket extending radially 
centrally of the semishell, a second hollow hemisphere 
like semishell having therein a journal cylinder formed 
integrally therewith on the inner surface thereof and 
having a journal bore extending radially therethrough 
centrally of the second semishell for receiving a shaft 
structure from outside said structure, the semishells 
being joined together along the peripheral rims thereof 
and the free end of the journal cylinder coaxially fitted 
in the socket of the journal seat, and means forming a 
passageway between the hollow interior of the sphere 
like structure and the journal bore. 

2. A hollow sphere-like structure according to claim 
1 further comprising an outer layer, the joined semis 
hells constituting a core structure of the hollow sphere 
like article. 

3. A hollow sphere-like structure according to claim 
2 which is spherical. 

4. A hollow sphere-like structure according to claim 
2 which is ellipsoidal. 

5. A hollow sphere-like structure according to claim 
2 which is spheroidal. 

6. A hollow sphere-like structure according to claim 
2 which is ovaloidal. 
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7. A hollow spherical structure according to claim 2 
further comprising a cantilever axle in the journal bore, 
a caster swivel bracket to which the upper root end of 
said axle is fixed, and means on said bracket for mount 
ing said bracket to swivel about a swivel axis, the axis 
of the axle being inclined with respect to the swivel axis 
as viewed in elevation in two mutually orthogonal di 
rections. 

8. A hollow sphere-like structure according to claim 
1 in which the end of the journal cylinder has an in 
wardly extending flange thereon terminating at a rim 
and adapted to Snap into locking position in an annular 

8 
3 further comprising an outer layer, the joined semis 
hells constituting a core structure of the hollow sphere 
like article. 

10. A hollow sphere-like article according to claim 1 
in which the first hollow semishell has a central journal 
bore from the bottom of the socket to the outside of 
said semishell and aligned coaxially with the journal 
bore through the journal cylinder, whereby a through 
hole for journalling a shaft structure is formed by the 

10 journal bores. 

groove formed around an end of a shaft structure in- . 
serted into the journal bore. 

9. A hollow sphere-like structure according to claim 15 
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11. A hollow sphere-like structure according to claim 
5 further comprising an outer layer, the joined semis 
hells constituting a core structure of the hollow sphere 
like article. 

k k k k 
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