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Description

FIELD OF THE INVENTION

[0001] The present invention generally pertains to sup-
port structures. More particularly, but not by way of lim-
itation, the present invention pertains to support struc-
tures for surgical consoles.

DESCRIPTION OF THE RELATED ART

[0002] Various support structures for the storage and
transportation of surgical consoles have been used in
the past. Simple, open support structures with several,
stacked shelves are sometimes used. The support struc-
tures may be made from metal or plastic, and may employ
solid shelves or shelves formed from spaced, parallel
members. Such support structures may not be specifi-
cally designed for the surgical console they serve, and
may provide little, if any, protection for the ancillary equip-
ment and consumables that are used with the surgical
console.
[0003] Other support structures have been designed
for medical applications. These support structures may
have an external surface for supporting a surgical con-
sole, an internal frame made from metal with shelves
and/or drawers to store the ancillary equipment and con-
sumables used with the surgical console, and an outer
housing disposed over the internal frame. The outer
housing may be constructed of multiple sheets of sheet
metal or multiple plastic components (e.g., made from
such methods as structural foam molding, injection mold-
ing, gas-assist injection molding and thermoforming) fas-
tened together with screws, rivets, or other conventional
fastening apparatus. The sheet metal or plastic compo-
nents may be painted to provide a chemically resistant
and aesthetically pleasing external surface.
[0004] The state of the art is represented by WO
2004/089446 A1.

SUMMARY OF THE INVENTION

[0005] The invention provides a frame system for a sur-
gical console, and method of making same, in accord-
ance with claims which follow.
[0006] In various embodiments a frame system for a
surgical system includes a plurality of rod structures
cross connected through one or more structural mem-
bers. In some embodiments, the rod structures each in-
clude at least one rod with an interface joint molded over
the at least one rod. One or more of the interface joints
includes a receiving hole for receiving a structural mem-
ber to couple at least two of the plurality of rod structures
together. One or more surgical components (such as a
surgical console) are received into the frame system.
Other components may also be received into the frame
system (e.g., an aesthetic skin).
[0007] The rod structures include an attachment point

(e.g., a dimple) at the portion of the rod structure receiving
an interface joint to better secure the interface joint to the
rod structure. The rod structures also include cross struc-
tural members that are secured to portions of the rod
structures through being molded to the rod structures
through the interface joints. These cross face structural
members are plugged on an end that engages the inter-
face joint to avoid molding material flowing into the interior
of the cross-face structural member during the molding
process. In some embodiments, portions of the rod struc-
tures, cross-face structural members, and/or other struc-
tural members may be inserted into the interface joints
after formation of the interface joints (and secured thereto
through, for example, adhesive, snap fit, or a friction fit).

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a more complete understanding of the
present invention, reference is made to the following de-
scription taken in conjunction with the accompanying
drawings in which:

FIGs. 1a-b illustrate a rod structure of a structural
frame system, according to two embodiments;

FIG. 2 illustrates a surgical system with an incorpo-
rated structural frame system, according to an em-
bodiment;

FIG. 3 illustrates a surgical system with an incorpo-
rated structural frame system, according to another
embodiment;

FIGs. 4a-b illustrate different views of a rod structure
with incorporated interface joints, according to an
embodiment;

FIG. 5 illustrates two rod structures prior to attach-
ment, according to an embodiment;

FIG. 6 illustrates two rod structures coupled together
through cross-structural members, according to an
embodiment;

FIG. 7 illustrates various components attached to
the frame system, according to an embodiment;

FIGs. 8a-d illustrate embodiments of various inter-
face joints;

FIGs. 9a-b illustrate a cross-sectional view of an em-
bodiment of an interface joint and molding tool;

FIG. 10a-b illustrate cross-sectional views of two em-
bodiments of an interface joint and a structural mem-
ber with a plug;

FIG. 11 illustrates another cross-sectional view of an
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interface joint and a structural member with a plug,
according to an embodiment;

FIGs. 12a-b illustrate two views of a plug for a struc-
tural member, according to an embodiment;

FIGs. 13a-16h illustrate inserts, according to various
embodiments;

FIG. 17 illustrates a flowchart of a method for as-
sembling a frame system, according to an embodi-
ment;

FIG. 18 illustrates various cross sectional shapes for
various structural members of the frame system, ac-
cording to various embodiments;

FIGs. 19a-g illustrate embodiments of a self center-
ing plug; and

FIGs. 20a-c illustrate additional embodiments of the
interface joints.

[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are intended to
provide a further explanation of the present invention as
claimed.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] FIGs. 1a-b illustrate embodiments of a structur-
al frame system 101a-b (generally referred to herein as
"frame system 101") that includes various interface joints
105 and structure members to support various loads
throughout the frame system 101. In some embodiments,
the components of a surgical system (e.g., an ophthalmic
surgical system 201 (FIG. 2) or ophthalmic surgical sys-
tem 301 (FIG. 3)) may be incorporated/coupled to the
structure frame system 101. In some embodiments, in-
terface joints 105 may be coupled to and/or molded over
portions of a rod structure 103 to provide mounting points
for structure members and other components. For exam-
ple, rod structure 103 may include structural members
401 a-i that are attached together through corresponding
interface joints 105. As another example, as seen in FIG.
4a, structural members 401a-i may be part of a continu-
ous rod (e.g., a rod bent to a predetermined shape) and
the interface joints 105 may be molded (e.g., insert mold-
ed, injection molded, gas-assist injection molded, metal
injection molded, Thixomolded, compression molded,
hand layup, cast molded, etc.) over the continuous rod
to provide mounting points for structure members and
other components. Other techniques for forming the rod
structure 103, structural members, etc. are also contem-
plated. For example, the various components may be
machined, welded, pultruded, extruded, hand layup, or
hydroformed.

[0011] As seen in FIG. 4a, in some embodiments,
cross-face structural members 405a-e may be attached
to various respective interface joints 105a-h (generally
referred to herein as "interface joint 105") by overmolding
the interface joint on the rod structure 103 and the cross
structural members 405a-e. In some embodiments, the
cross structural members 405a-e may be attached by
sliding the cross structural members 405a-e into receiv-
ing holes in previously formed interface joints 105. As
shown in FIG. 4a, cross structural members 405a and
405b may form a continuous cross-face structural mem-
ber (both part of a single member that is similar to cross
structural member 405e) that includes an interface joint
105i formed on the cross structural member. Similarly,
cross structural members 405c and 405d may form a
continuous cross structural member that includes an in-
terface joint 105j formed (e.g., molded) on the cross struc-
tural member.
[0012] In some embodiments, material fillers such as
carbon or glass fibers utilized for the interface joints 105
may be added during an initial compounding of a resin
into a pellet for molding the interface joints 105. In some
embodiments, a twin screw extruder may be used to cre-
ate the pellets and appropriately blend in the material
fillers. The pellets may then feed into a hopper of an in-
jection molding machine and drawn into the molded ma-
chine’s heated barrel and screw where the pellets may
be melted and then shot into a tool to create a desired
interface joint (e.g., around a section of the rod structure
103). During the insert molding process, a portion of the
frame’s system (e.g., a portion of the rod structure, struc-
tural members, etc.) may be placed into an injection mold-
ing machine’s tool (e.g., see mold halves 903a,b shown
in FIG. 9b). The tool may be closed and shut off around
the portion in specific regions to shut off where the plastic
is to flow to form the interface joint geometry around the
inserted portion. Other molding processes are also con-
templated.
[0013] As seen in FIG. 4b, the interface joints 105 may
include receiving holes 403ah for cross-structural mem-
bers to connect rod structure 103 with another rod struc-
ture. For example, FIG. 5 shows two rod structures 103
prior to connecting and FIG. 6 shows the two rod struc-
tures connected through cross-structural members
601a-h that interface with the rod structures 103 through
the interface joints 105. As seen in FIG. 7, additional
structures and components can be attached to the inter-
face joints 105, rod structures 103, and/or cross-struc-
tural members 601a-h. For example, aesthetic skins 107
(also seen in FIG. 2) may be attached (e.g., snapped,
glued, ultrasonically welded, swaged, or fastened) to the
composite rod structure 103. As another example, tray
mounting point 703 may be attached to the composite
rod structure 103 (e.g., through attachments to cross-
structural members 601c-d). As a yet further example, a
printed circuit board 705 may be attached and may in-
clude interface connectors 707 for interfacing with a sur-
gical module (e.g., module 203 which may be slid into
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the frame system 101).
[0014] FIGs. 8a-d illustrate various embodiments of an
interface joint 105. The interface joint 105 shown in FIG.
8a may be overmolded on rod sections 401c-d (which
may form a continuous rod through the overmolded in-
terface joint 105) and rod section 405a to attach rod sec-
tions 401c-d to rod section 405a and provide an attach-
ment point (such as a receiving hole 403e to receive
structural member 601c). In some embodiments, an ad-
hesive may be applied to the interior of receiving hole
403e and/or structural member 601c prior to insertion of
structural member 601c into receiving hole 403e. The
adhesive (e.g., glue or epoxy) may include 3M ADH 2216
B/A Epoxy, JD Lincoln 2-part high peel paste-PART (ox-
irane, 2,2- {methylenebis (phenleneoxymethylene)) bis-
reaction product of epichlorohydrin and bisphenol A
40-60%, polymer/solids <8%, benezenediol <2%, silica-
amorphous-fumed <7% and fibrous glass <2%) and
PART B (Poly(oxy(methyl-1,2-ethanediyl)), alpha-2-ami-
no-methyleneyl)omega-2-aminomethylethoxy) 25-45%,
benzyl alcohol >10%, triethylenetetramine <2%, nony-
phenol <5%, silica-amorphous, fumed 5-25%, polyamine
<30%, tertiary amine <5% and cycloaliphatic amine
<15% and Hendel Loctite Speedbonder H4500 two part
component room temperature curing 10:1 mix ration
methacrylate adhesive system. Other adhesives are also
contemplated.
[0015] As also seen in FIG. 8a, interface joint 105 may
include structural features such as braces 801a-b, braces
803a-b, and brace 805 to increase the strength of the
interface joint 105. The various braces may be formed
through the molding process or may be attached after
the molding process. Also as seen in FIG. 8a, a mold
seam line 807 may form where an upper mold and a
lower mold meet (e.g., in a cast or injection molding proc-
ess) to form the interface joint (e.g., the molds may meet
with the rod sections 401c-d and 405a in between the
molds prior to injecting, for example, a plastic in a space
defined by the upper and lower molds). FIGs. 8b-d illus-
trate additional embodiments of rod structures 103 and
interface joints 105. As seen in FIG. 8b, the rod structure
may include one or more mounting points 811a-b (which
may include, for example, protrusions with holes extend-
ing into the interior of the rod structure). As seen in FIGs.
8c-d, interface joints may have one or more holes 809a-
d for receiving and/or attaching components in the frame
system 101.
[0016] FIGs. 9a-b illustrates a cross section of an em-
bodiment of an interface joint 105c that includes an at-
tachment point 901. To secure the interface joint 105 to
the rod structure 103, one or more attachment points 901
(e.g., an indentation or cut-out) are made in the rod struc-
ture 103 prior to or during the molding of the interface
joint 105. The attachment points 901 allow molding ma-
terial from the interface joint 105 to collect into the at-
tachment points 901 to hold the interface joint 105 in
place (i.e., to prevent the interface joint 105 from slipping
and/or impede creepage along the rod structure 103).

For example, the attachment point 901 may include an
indentation made in the rod structure 103 (e.g., by press-
ing a feature into the surface of the rod structure 103 to
form a dimple in the rod structure 103) that allows molding
material to collect in a depression of the indentation. As
another example, the attachment points 901 may include
cutouts (e.g., stamped through the rod structure) that al-
low molding material to enter an interior of the rod struc-
ture 103. In some configurations not part of the invention,
attachment points 901 may not be used (e.g., adhesive
may be used to secure the interface joints 105 to the rod
structure 103).
[0017] FIGs. 10a-11 illustrate cut-away views of vari-
ous interface joints 105. In some embodiments, the struc-
ture members coupled to interface joints 105 include a
plug (e.g., plug 1001a/b). As seen in FIG. 11, the plug
1001a may be formed on an end of the structure member
(e.g., structural members 401a-i, structural members
405a-e, cross-structural members 601a-h, etc.) to inhibit
flow of molding material from the interface joint 105 into
an interior of the structure member. FIG. 10a illustrates
a cut-away section of a plug 1001a for a round structural
member and FIG. 10b illustrates a cut-away section of a
plug 1001b for a square structural member. In some em-
bodiments, the structure member may include a crimped
section (e.g., crimp 1003a/b) with a reduced diameter to
secure the plug 1001 in place. The plug 1001 may be
formed separately from the structure member and insert-
ed into the structure member (after which the structure
member may be crimped to hold the plug) or the plug
1001 may be formed directly on the end of the structure
member (e.g., molded onto the end of the structure mem-
ber by inserting the end of the structure member into a
plastic mold).
[0018] In some embodiments, the plug 1001a/b may
be made of a material with an equal or higher melting
temperature (e.g., aluminum) than the material used to
form the interface joint 105 (e.g., plastic) to prevent melt-
ing of the plug 1001a/b during the molding of the interface
joint 105 over the plug 1001. FIGs. 12a-b illustrate views
of the plugged structure member outside of an interface
joint 105. In some configurations not part of the invention,
a plug 1001a/b may not be used (e.g., the end of the
structure member may be left open and may receive
some molding material during the molding of the interface
joints 105 on the rod structure 103). In some embodi-
ments, the plug 1001a/b may prevent molded material
from entering cross-face structural member 405a and
may provide a small undercut to inhibit pull out of struc-
tural member 405a once structural member 405a is over-
molded. In some embodiments, a flat corresponding ge-
ometrical shape may be welded to the end of member
405a in order to cap the end. In addition, plug 1001a may
be made to contact member 103 to provide an electrical
connection between members 405a and 103.
[0019] As seen in FIGs. 19a-e, an embodiment of the
plug may include plug 1901 that may be configured to
automatically center itself between members 103 on
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each side due to a molded in spring feature 1903 which
may improve the reproducibility and repeatability of the
assembly. The spring feature 1903 may include an angle
and be flexible such that the spring feature 1903 may
bend to allow movement of the plug 1901. The spring
feature 1903 may further include a curve to abut against
the outer curve of the structural member 401d (as seen
in FIG. 19c). FIG. 19d illustrates the plug 1901 in a corner
joint. FIG. 19e illustrates two plugs 1901 on either side
of a structural member 601 d. In some embodiments, the
curve in the spring feature of each plug may allow the
structural member 601d to center itself (via interaction
between the curve and the outer profile of the outer struc-
tural member) between the outer structural members
(e.g., 401d) prior to molding the interface joints 105. The
spring on each side may act to center the rod since each
spring should be displaced by approximately the same
length (if each spring has approximately the same spring
rate). In some embodiments, a hole or alignment feature
may be used to center the tube structure in an injection
molding tool to repeatably place the structure. This may
result in a more repeatable pattern for fastening points
on the cross member. FIGs. 19f-g illustrate another ex-
ample of a spring connector. As seen in FIGs. 19f-g, con-
nector 1905 may be coupled to a spring 1907 (e.g., a
flexible wire structure) that may deflect (as seen in FIG.
19g) as the connector 1905 is pressed against a struc-
tural member. Connectors 1905 on each side of structural
member 601 may center the structural member 601 as
the structural member 601 is placed between outer struc-
tural members 401 (as an example) in a molding tool
1911. In some embodiments, the structural members 601
may be crimped 1909 around the connector 1905 (other
coupling such as adhesive, snap fit, etc.) is also contem-
plated.
[0020] In some configurations not part of the invention,
a plug may not be used (e.g., as seen in FIG. 9a, the
structure member may be, for example, attached to the
interface joint 105c through an adhesive, friction fit, etc).
[0021] FIGs. 13a-16h illustrate inserts, according to
various embodiments. Floating inserts 1301, 1401, and
1601 may provide tolerance between a screw (or other
fastener) and the insert (such as a brass insert) in an
assembly (such as frame system 101) for attaching a
skin (such as a sheetmetal skin). In some embodiments,
the insert may be positioned in a polymeric portion (such
as in hole 2071 a in the joint shown in FIGs. 20a-b) of
the frame system 101 or in a metal portion (such as in
hole 2071b in the structural member shown in FIGs. 20a-
b). The insert may include an inner shaped plug (e.g.,
plug 1319 and 1419) with a squared end (e.g., end 1303
or 1403) and a rounded end (e.g., end 1305 or 1405). In
some embodiments, both ends may be rounded (e.g.,
end 1603 and 1605 as seen in FIG. 16a). In some em-
bodiments, a flange 1407 may be formed between the
two ends with a threaded section 1409 formed through
the center. In some embodiments, the exterior (e.g., ex-
terior 1311 and 1411) may include a pattern with flutes

or grooves to allow a melted polymer to flow freely into
the crevices when the insert is ultrasonically welded into
a polymeric boss (which may be formed and/or include
hole 2071a,b). Once the melted polymer in the boss re-
solidifies it may form undercuts that may hold the insert
in the boss and prevent the insert from being pulled out.
In some embodiments, a clearance (e.g., clearance
1413) may allow a center axis of the threads to float in
X, Y, and Z dimensions (e.g., see displacement in FIG.
14c). In some embodiments, an interface between insert
portion 1415 (as seen in FIG. 14e) and inset portion 1417
(as seen in FIG. 15) may inhibit rotation of plug 1319/1419
when screwing a screw (or attaching a different fastener)
into the plug 1319/1419 through an interference fit be-
tween the edge portion 1415 and inset portion 1417.
[0022] As seen in FIGs. 13a-d, in some embodiments,
the plug 1319 may be inserted into a bottom of the body
1311 and a spring 1323 may be inserted into the body
1311 from a top of the body 1311 prior to a top 1325 of
the plug 1319 being swaged (FIG. 13a shows un-
swagged and FIG. 13b shows a swagged top) into a cone
shape in order to trap the plug 1319 and spring 1323
inside the body 1311. As seen in FIG. 16, in some em-
bodiments, the plug 1619 may be placed into body 1621
and a portion 1623 of the body may be swaged into, for
example, a dome shape to encapsulate the plug 1619.
[0023] In some embodiments, brass inserts ultrasoni-
cally welded into a plastic boss and then fastened to the
structure using a screw may be used to fasten plastic
skins to a mechanical assembly. This may allow for float
by means of having the screw being able to move to align
to the fixed boss/insert combination. Another method
may include a floating female mounting point attached
directly to the sheetmetal frame.
[0024] The frame system 101 may be in the shape of
a circle, biloba, ellipse, rectangle, square, octagon, and
other geometrical combinations and variations of the
aforementioned. As seen in FIG. 18, various cross sec-
tional shapes may be used for the various structural
members (e.g., structural members 405a-e) of the frame
system 101. Various components for the structure may
be formed using die forming, hydroforming, mechanical
bending, hand layup, etc. In various embodiments, the
frame system 101 (e.g., through the interface joints 105)
may further provide cable management for internal ca-
bles (e.g., through hooks and other cable retaining fea-
tures that can be coupled to various parts of the frame
system), provide mounting locations for fans, improve
thermal management by directing air flow of internal ma-
chine components, as well as provide other benefits such
as lighter weight mounting points and higher toleranc-
es/repeatability over a pure sheet metal structure. In var-
ious embodiments, structure members may have differ-
ent configurations (e.g., made of different materials, have
different cross section geometries, etc). For example,
structure member 401 includes circular cross section
while structure member 403 includes a rectangular cross
section. In some embodiments, the rod structure 103 may
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include round tubes which may be easier to bend while
the cross-structural members 601a-h may include rec-
tangular cross sections that may be easier for mounting
sheet metal (e.g., aesthetic sheet metal skins may be
welded along their perimeter to portions of the rectangu-
lar cross sections). Hollow cross sections may be used
for the rod structure 103 and/or structural members to
reduce the overall weight of the frame system 101. In
some embodiments, solid cross sections may be used
(e.g., solid cross sections of light-weight high strength
materials such as a high strength plastic, carbon fiber,
or aluminum-titanium allow).
[0025] In some embodiments, molding the interface
joint 105 may include molding plastic around a performed
part (such as a tubular structure member 401 or rectan-
gular structure member 601a-h). The preformed part may
include a material and/or geometry designed to hold its
shape and support characteristics throughout the mold-
ing process (e.g., able to withstand pressures and tem-
peratures associated with molding). While some embod-
iments of the frame system 101 may be made with ther-
mal welding, some embodiments may not include ther-
mal welds (e.g., the frame system 101 may use insert
molded joints as the primary attachment mechanism).
Frame systems 101 without thermal welds may not have
thermal dimensional issues that may be inherent with
thermal welding. In some embodiments, the rod structure
103 may be made from steel or aluminum and overmo-
lded with plastic or aluminum utilizing an insert molded
investment casting technique. Overmolded aluminum
may be used to increase the structural integrity of the
structure. (In some embodiments, this form may also be
glued together instead of or in addition to the overmold-
ing).
[0026] In various embodiments, the rod structure
and/or structure members may be made of metal, alumi-
num, steel, carbon fiber, ceramic, polymers and/or com-
posite materials. Other materials may also be used. Pol-
ymers that may be used to create the interface joints may
include polyamide, polyphenylene sulfide, polycar-
bonate, polyvinylchloride, polyarylate, polysurfone,
acetal, cellulosics, polyester, melamine, phenolic, urea
molding compound, vinyl ester, unsaturated polyester,
PC/ABS (polycarbonate/acrylonitrile butadiene styrene),
polyetheretherkeytone, liquid crystal polymer, polypro-
pylene, high density polyethylene, bulk molding com-
pound, sheet molding compound, epoxy, and poly-
urethane. Other materials may also be used.
[0027] In some embodiments, the interface joints 105
may be made of electrically conductive materials to assist
in grounding the frame. In some embodiments, an
epoxy/glue used in addition to the interface joints 105
may also be electrically conductive. While unmodifed
plastics may be good electrical insulators (e.g., 1012 to
1016 ohm-cm) and metals may be good electrical con-
ductors (e.g., 10-6 to 10-1 ohm-cm), the electrical con-
ductivity measured as electrical resistivity with the addi-
tion of conductive fillers in polymers may be approximate-

ly in the range 0.1 to 10,000 ohm-cm. To become elec-
trically conductive, various fillers may be added in various
quantities to a polymer used in the interface joints 105.
In addition, a glue/epoxy used to bond the rod structure
103/interface joints 105/structural members together
may be made electrically conductive using fillers such as
metal fibers, carbon fibers, carbon nanotubes, metal
coated inorganic non-particles, carbon powder, and na-
no-fibers. Additional electrically conductive materials for
the interface joints may be selected from polymer grades
including (E-Series): E2- conductive LCP (liquid crystal
polymer), E3603 and E3605- conductive PA46, E4501
and E4507 Conductive Polycarbonate, E 1201 Conduc-
tive Polypropylene, E5101, E5107, E5109- Conductive
Polyphenylene Sulfide. In addition to adding conductive
fillers, other fillers such as glass fibers, carbon fiber or
various other types of fillers may be utilized to increase
the mechanical / strength of a composite plastic used for
the interface joints 105. Typical flexural modulus of un-
filled polymers may be in the range of 20,7-69 kBar
(300-1000 ksi (thousands of pounds per square inch))
and up to 69-517 kBar (1000 to 7500 ksi) for composite
polymer types. Other materials with different flexural
modulus are also contemplated. In some embodiments,
an electrically conductive coating may be applied to one
or more components.
[0028] FIG. 17 illustrates a flowchart of an assembly
method for the frame system 101, according to an em-
bodiment. The elements provided in the flowchart are
illustrative only. Various provided elements may be omit-
ted, additional elements may be added, and/or various
elements may be performed in a different order than pro-
vided below.
[0029] At 1701, a rod structure 103 may be shaped. In
some embodiments, the rod structure 103 may include
a continuous bar that is bent into a predetermined shape.
In some embodiments, various rod structure members
may be shaped and prepared for joining into a larger rod
structure 103.
[0030] At 1703, interface joints 105 may be formed
and/or attached to the rod structure 103. In some em-
bodiments, the interface joints 105 may be molded di-
rectly onto the rod structure 103. In some embodiments,
the rod structure 103 may include structural members
(e.g., cross structural members 405a and 405b) that are
attached to each other and/or to the rod structure 103
through the interface joints 105. For example, the inter-
face joints 105 may be formed over a portion of the rod
structure 103 and an adjacent structural member to cou-
ple the structural member to the rod structure 103. In
some embodiments, an end of the structural member
may be plugged prior to molding the interface joint 105
over the structural member. In some embodiments, an
attachment point (e.g., attachment point 901 in the form
of a dimple) may be formed in the rod structure 103 prior
to molding the interface joint 105 on the rod structure 103
to better secure the interface joint 105 to the rod structure
103. In some embodiments, attachment point 901 may
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be formed in rod structure 103 through a moveable in-
dention feature (e.g., a movable cylinder) located inside
the injection molding tooling (e.g., see cylinders 905a,b
in mold halves 903a,b shown in FIG. 9b). After the mold
halves 903a,b are placed around the rod structure 103,
the cylinders 905a,b may pushed forward (e.g., by hy-
draulics) to create a dimple (or hole) in rod structure 103
and then may be retracted (see movement arrows in FIG.
9b). The cylinders 905a,b may be activated as soon as
the mold was clamped onto the rod structure 103. Acti-
vation of the cylinders 905a,b may cause the dimpling of
structure 103 inside the mold halves 903a,b to create a
dimple or hole for mold material to flow into and form
attachment point 901. In some embodiments, several of
the interface joints 105 for a rod structure may be molded
at once (e.g., simultaneously). As seen in FIG. 20c, in
some embodiments, one or more joints may be angled
(e.g., by angle θ which may be, for example, approxi-
mately between 0.5 to 10 degrees) to avoid scraping of
a mold along a side of a square member during the open-
ing and closing of the mold halves. For example, if two
mold halves come together to form the joint 2001, the
side portions of the mold may scrape corresponding
sides of a square member (which would be positioned
perpendicular to the page) as the molds are clamped to
the square member and the brace member 2003 the
square member will be attached to. By slanting the
square member, the mold sides may come together
slightly offset of the square member and the molding ma-
terial for the joint 2001 may be injected between the mold
halves and around the square member and brace mem-
ber 2003. If the angle θ is 0, then slides or another moving
mechanism may be needed in the tooling, which may
make the tooling more complicated, more expensive, and
possibly require more maintenance.
[0031] In some embodiments, several of the interface
joints 105 for a rod structure may be molded sequentially.
For example, valve gates may be used during injection
molding tooling (opening and closing the valve gates to
allow through injection molding material may be done in
an ordered sequence (e.g., of material flow) across the
rod structure). In some embodiments, one or more com-
binations of barrels and screws may be used to allow for
greater flexibility in applying the injection molding mate-
rial to the rod structure (e.g., through an injection molding
tooling) and allow for the use of more than one type of
resin to be shot into the tool. For example, the rod struc-
ture may include both a more expensive structural grade
resin (e.g., with a less expensive panel) and a skin mount-
ing grade resin used in the same structure.
[0032] At 1705, two or more rod structures 103 may
be coupled together through cross-structural members
(e.g., cross-structural members 601 a-h). In some em-
bodiments, adhesive may be used in receiving holes
(e.g., receiving holes 403a-h) of the interface joints 105
and the cross-structural members 601a-h may be at-
tached to corresponding receiving holes in two or more
rod structures 103 to couple the rod structures 103 to

each other. In some embodiments, an adhesive may not
be used (e.g., the cross-structural members 601a-h may
fit in the receiving holes through a friction fit). In some
embodiments, the interface joints 105 may be molded
over the cross-structural members 601a-h and rod struc-
ture 103. FIGs. 20a-b illustrate additional embodiments
of the interface joints.
[0033] At 1707, various surgical modules and/or com-
ponents (e.g., aesthetic skins) may be attached to vari-
ous sections of the frame system 101 that includes the
rod structure 103 and structural members coupled to-
gether through interface joints 105. For example, sheet
metal aesthetic skins may be welded onto square cross
section structural members or attached to the structure
through one or more fasteners and inserts (e.g., inserts
1301, 1401, or 1601).
[0034] In some embodiments, a molding and/or as-
sembly system for the frame system 101 may include
one or more processors. The processor may include sin-
gle processing devices or a plurality of processing devic-
es. Such a processing device may be a microprocessor,
controller (which may be a micro-controller), digital signal
processor, microcomputer, central processing unit, field
programmable gate array, programmable logic device,
state machine, logic circuitry, control circuitry, analog cir-
cuitry, digital circuitry, and/or any device that manipulates
signals (analog and/or digital) based on operational in-
structions. The memory coupled to and/or embedded in
the processors may be a single memory device or a plu-
rality of memory devices. Such a memory device may be
a read-only memory, random access memory, volatile
memory, non-volatile memory, static memory, dynamic
memory, flash memory, cache memory, and/or any de-
vice that stores digital information. Note that when the
processors implement one or more of its functions via a
state machine, analog circuitry, digital circuitry, and/or
logic circuitry, the memory storing the corresponding op-
erational instructions may be embedded within, or exter-
nal to, the circuitry comprising the state machine, analog
circuitry, digital circuitry, and/or logic circuitry. The mem-
ory may store, and the processor may execute, opera-
tional instructions corresponding to at least some of the
elements illustrated and described in association with
FIG. 17.
[0035] Various modifications may be made to the pre-
sented embodiments by a person of ordinary skill in the
art. Other embodiments of the present invention will be
apparent to those skilled in the art from consideration of
the present specification and practice of the present in-
vention disclosed herein.

Claims

1. A frame system (101) for a surgical console, com-
prising:

a plurality of rod structures (103), each compris-
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ing:

at least one rod;
an interface joint (105);
at least one structural member (405, 601)
coupling at least two of the plurality of rod
structures (103) together; and
a surgical component (201,301) coupled to
the rod structures.

characterized by;
an interface joint (105) which is molded over a
first rod structure to form at least one receiving
hole (403), wherein a section of the rod structure
having the interface joint molded thereon in-
cludes an indentation, cut-out or dimple adapted
to receive molding material from the interface
joint and to provide an attachment point (901)
to prevent the interface joint from slipping with
respect to the rod structure;
wherein the first rod structure comprises a bent
tubular rod and wherein at least one structural
member (405) connects two portions of the bent
tubular rod;
wherein a structural member (601) is received
in a receiving hole in an interface joint on each
of a first and a second of the rod structures; and
wherein at least one cross structural member
(601) is coupled to the first and second rod struc-
tures through an interface joint (105) being mold-
ed over the rod structures and cross structural
member, the cross structural member including
a plug (1001) in an end of the cross structural
member that is molded in the interface joint.

2. The frame system of claim 1, further comprising an
aesthetic skin (107) coupled to a structural member.

3. The frame system of claim 1, wherein the at least
one rod is hollow.

4. A method of assembling a frame system (101) for a
surgical console, comprising:

shaping at least two rods to form respective first
and second rod structures (103);
forming at least one interface joint (105) on a
portion of each of the at least two rod structures,
the respective interface joints comprising at
least one receiving hole;
coupling the first and second rod structures to-
gether by inserting at least one structural mem-
ber into the receiving hole (403) of each of at
least two interface joints on respective first and
second rod structures;
forming an indentation, cut-out or dimple in the
first rod structure;
plugging a cross structural member (601) prior

to molding the interface joint (105) over a cross
structural member;
forming the interface joint (105) further compris-
es molding the interface joint over at least a por-
tion of the cross structural member (601) such
that the cross structural member is coupled to
the rod structure after the molding of the inter-
face joint, and wherein the interface joint is fur-
ther secured to the first rod structure by molding
material of the interface joint flowing into the in-
dentation, cut-out or dimple, thereby providing
an attachment point (901) to prevent the inter-
face joint from slipping with respect to the rod
structure;
coupling a surgical module (203) to the frame
system, wherein the surgical module is at least
partially supported by the first and second rod
structures and at least one structural member.

5. The method of claim 4, wherein forming at least one
interface joint (105) comprises simultaneously mold-
ing a plurality of interface joints on the first rod struc-
ture.

6. The method of claim 4, further comprising welding
an aesthetic skin (107) to the structural member, or
attaching an aesthetic skin to the structural member
through use of one or more fasteners and inserts
(1301,1401,1601).

7. The method of claim 6, wherein shaping at least two
rods comprises bending a tubular rod and wherein
the method further comprises coupling at least two
portions of the tubular rod together through a struc-
tural member (401).

Patentansprüche

1. Rahmensystem (101) für eine chirurgische Konsole,
umfassend:

mehrere Stangenstrukturen (103), die jeweils
umfassen:

zumindest eine Stange;
ein Schnittstellen-Verbindungsstück (105);
zumindest ein Bauteil (405, 601), das zu-
mindest zwei der mehreren Stangenstruk-
turen (103) aneinanderkoppelt; und
eine an die Stangenstrukturen gekoppelte
chirurgische Komponente (201, 301),

gekennzeichnet durch;
ein Schnittstellen-Verbindungsstück (105), das
über eine erste Stangenstruktur überformt ist,
um zumindest ein Aufnahmeloch (403) zu bil-
den, wobei ein Bereich der Stangenstruktur, der
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das auf denselben aufgeformte Schnittstellen-
Verbindungsstück aufweist, einen Eindruck, ei-
ne Ausnehmung oder eine Vertiefung beinhal-
tet, die dazu angepasst ist, Formmasse aus dem
Schnittstellen-Verbindungsstück aufzunehmen
und einen Befestigungspunkt (901) bereitzu-
stellen, um zu verhindern, dass das Schnittstel-
len-Verbindungsstück in Bezug auf die Stan-
genstruktur verrutscht;
wobei die erste Stangenstruktur eine gebogene
röhrenförmige Stange umfasst und wobei zu-
mindest ein Bauteil (405) zwei Abschnitte der
gebogenen röhrenförmigen Stange verbindet;
wobei ein Bauteil (601) in einem Aufnahmeloch
in einem Schnittstellen-Verbindungsstück auf
jeder von einer ersten und einer zweiten der
Stangenstrukturen aufgenommen wird; und
wobei zumindest ein Querbauteil (601) an die
erste und die zweite Stangenstruktur durch ein
Schnittstellen-Verbindungsstück (105), das
über die Stangenstrukturen und das Querbauteil
überformt wird, gekoppelt ist, wobei das Quer-
bauteil einen Stöpselteil (1001) in einem Ende
des Querbauteils beinhaltet, der im Schnittstel-
len-Verbindungsstück eingeformt ist.

2. Rahmensystem nach Anspruch 1, das weiterhin eine
ästhetische Haut (107) umfasst, die an ein Bauteil
gekoppelt ist.

3. Rahmensystem nach Anspruch 1, wobei die zumin-
dest eine Stange hohl ist.

4. Verfahren zum Zusammenfügen eines Rahmensys-
tems (101) für eine chirurgische Konsole, umfas-
send:

Formen zumindest zweier Stangen, um jeweils
eine erste und eine zweite Stangenstruktur
(103) zu bilden;
Bilden zumindest eines Schnittstellen-Verbin-
dungsstücks (105) auf einem Abschnitt jeder der
zumindest zwei Stangenstrukturen, wobei die
jeweiligen Schnittstellen-Verbindungsstücke
zumindest ein Aufnahmeloch umfassen;
Aneinanderkoppeln der ersten und der zweiten
Stangenstruktur durch Einführen zumindest ei-
nes Bauteils in das Aufnahmeloch (403) jedes
von zumindest zwei Schnittstellen-Verbin-
dungsstücken auf jeweils der ersten und der
zweiten Stangenstruktur;
Bilden eines Eindrucks, einer Ausnehmung oder
einer Vertiefung in der ersten Stangenstruktur;
Verstöpseln eines Querbauteils (601) vor Über-
formen des Schnittstellen-Verbindungsstücks
(105) über ein Querbauteil;
wobei das Bilden des Schnittstellen-Verbin-
dungsstücks (105) weiterhin das Überformen

des Schnittstellen-Verbindungsstücks über zu-
mindest einen Abschnitt des Querbauteils (601)
so umfasst, dass das Querbauteil an die Stan-
genstruktur gekoppelt ist nach dem Überformen
des Schnittstellen-Verbindungsstücks, und wo-
bei das Schnittstellen-Verbindungsstück weiter-
hin dadurch an der ersten Stangenstruktur ge-
sichert wird, dass Formmasse des Schnittstel-
len-Verbindungsstücks in den Eindruck, die
Ausnehmung oder die Vertiefung fließt, wo-
durch ein Befestigungspunkt (901) bereitgestellt
wird, um zu verhindern, dass das Schnittstellen-
Verbindungsstück in Bezug auf die Stangen-
struktur verrutscht;
Koppeln eines chirurgischen Moduls (203) an
das Rahmensystem, wobei das chirurgische
Modul zumindest teilweise von der ersten und
der zweiten Stangenstruktur sowie zumindest
einem Bauteil getragen wird.

5. Verfahren nach Anspruch 4, wobei das Bilden zu-
mindest eines Schnittstellen-Verbindungsstücks
(105) das gleichzeitige Aufformen mehrerer Schnitt-
stellen-Verbindungsstücke auf die erste Stangen-
struktur umfasst.

6. Verfahren nach Anspruch 4, das weiterhin das
Schweißen einer ästhetischen Haut (107) an das
Bauteil umfasst, oder das Anbringen einer ästheti-
schen Haut an dem Bauteil durch Verwendung eines
oder mehrerer Befestigungsteile und Einsätze
(1301, 1401, 1601).

7. Verfahren nach Anspruch 6, wobei das Formen zu-
mindest zweier Stangen das Biegen einer röhrenför-
migen Stange umfasst und wobei das Verfahren wei-
terhin das Aneinanderkoppeln zumindest zweier Ab-
schnitte der röhrenförmigen Stange durch ein Bau-
teil (401) umfasst.

Revendications

1. Système à armature (101) pour une console chirur-
gicale, comprenant :

une pluralité de structures en tige (103), com-
prenant chacune :

au moins une tige ;
un joint d’interface (105) ;
au moins un élément structurel (405, 601)
couplant au moins deux de la pluralité de
structures en tige (103) ensemble ; et
un composant chirurgical (201, 301) couplé
aux structures en tige ;
caractérisé par :
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un joint d’interface (105) qui est moulé sur une
première structure en tige afin de former au
moins un trou de réception (403), dans lequel
une section de la structure en tige ayant le joint
d’interface moulé sur cette dernière comprend
une indentation, une découpe ou un bossage
adapté(e) pour recevoir le matériau de moulage
du joint d’interface et pour fournir un point de
fixation (901) afin d’empêcher le glissement du
joint d’interface par rapport à la structure en
tige ;
dans lequel la première structure en tige com-
prend une tige tubulaire cintrée et dans lequel
au moins un élément structurel (405) raccorde
deux parties de la tige tubulaire cintrée ;
dans lequel un élément structurel (601) est reçu
dans un trou de réception situé dans un joint
d’interface sur chacune d’une première et d’une
seconde structure en tige parmi les structures
en tige ; et
dans lequel au moins un élément structurel
transversal (601) est couplé aux première et se-
conde structures en tige par le biais d’un joint
d’interface (105) qui est moulé sur les structures
en tige et l’élément structurel transversal, l’élé-
ment structurel transversal comprenant un bou-
chon (1001) dans une extrémité de l’élément
structurel transversal qui est moulé dans le joint
d’interface.

2. Système à armature selon la revendication 1, com-
prenant en outre un revêtement esthétique (107)
couplé à l’élément structurel.

3. Système à armature selon la revendication 1, dans
lequel la au moins une tige est creuse.

4. Procédé pour assembler un système à armature
(101) pour une console chirurgicale, comprenant les
étapes consistant à :

former au moins deux tiges afin de former des
première et seconde structures en tige (103)
respectives ;
former au moins un joint d’interface (105) sur
une partie de chacune des au moins deux struc-
tures en tige, les joints d’interface respectifs
comprenant au moins un trou de réception ;
coupler les première et seconde structures en
tige ensemble en insérant au moins un élément
structurel dans le trou de réception (403) de cha-
cun d’au moins deux joints d’interface sur les
première et seconde structures en tige
respectives ;
former une indentation, une découpe ou un bos-
sage dans la première structure en tige ;
boucher un élément structurel transversal (601)
avant de mouler le joint d’interface (105) sur un

élément structurel transversal ;
former le joint d’interface (105) en moulant en
outre le joint d’interface sur au moins une partie
de l’élément structurel transversal (601) de sorte
que l’élément structurel transversal est couplé
à la structure en tige après le moulage du joint
d’interface, et dans lequel le joint d’interface est
en outre fixé sur la première structure en tige en
moulant le matériau du joint d’interface s’écou-
lant dans l’indentation, la découpe ou le bossa-
ge, fournissant ainsi un point de fixation (901)
pour empêcher le glissement du joint d’interface
par rapport à la structure en tige ;
coupler un module chirurgical (203) au système
à armature, dans lequel le module chirurgical
est au moins partiellement supporté par les pre-
mière et seconde structures en tige et au moins
un élément structurel.

5. Procédé selon la revendication 4, dans lequel l’étape
consistant à former au moins un joint d’interface
(105) comprend l’étape consistant à mouler simul-
tanément une pluralité de joints d’interface sur la pre-
mière structure en tige.

6. Procédé selon la revendication 4, comprenant en
outre l’étape consistant à souder un revêtement es-
thétique (107) sur l’élément structurel, ou fixer un
revêtement esthétique sur l’élément structurel en uti-
lisant une ou plusieurs fixations et inserts (1301,
1401, 1601).

7. Procédé selon la revendication 6, dans lequel l’étape
consistant à former au moins deux tiges comprend
l’étape consistant à cintrer une tige tubulaire et dans
lequel le procédé comprend en outre l’étape consis-
tant à coupler au moins deux parties de la tige tubu-
laire ensemble par le biais d’un élément structurel
(401).
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