
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

45
7 

00
1

B
1

TEPZZ 457ZZ_B_T
(11) EP 2 457 001 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
01.11.2017 Bulletin 2017/44

(21) Application number: 10802916.6

(22) Date of filing: 22.07.2010

(51) Int Cl.:
A61F 2/44 (2006.01) A61F 2/38 (2006.01)

A61F 2/46 (2006.01) F16H 25/20 (2006.01)

A61B 17/02 (2006.01) A61F 2/28 (2006.01)

A61F 2/30 (2006.01) A61F 2/34 (2006.01)

A61F 2/50 (2006.01) A61F 2/36 (2006.01)

A61F 2/48 (2006.01) F16H 25/22 (2006.01)

A61B 17/70 (2006.01) A61B 17/68 (2006.01)

(86) International application number: 
PCT/US2010/042941

(87) International publication number: 
WO 2011/011626 (27.01.2011 Gazette 2011/04)

(54) COAXIAL SCREW GEAR SLEEVE MECHANISM

KOAXIALSCHRAUBEN-GETRIEBEHÜLLENMECHANISMUS

MÉCANISME À MANCHON COAXIAL À ENGRENAGE HÉLICOÏDAL

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO SE SI SK SM TR

(30) Priority: 16.07.2010 US 365131 P
22.07.2009 US 271548 P

(43) Date of publication of application: 
30.05.2012 Bulletin 2012/22

(73) Proprietor: Spinex Tec, LLC
Gering, NE 69341 (US)

(72) Inventors:  
• JIMENEZ, Omar, F.

Gering
NE 69341 (US)

• POWLEY, Nicholas, Ransom
St. Paul
MN 55102 (US)

• FISCHER, Andrew, G.
Hopkins
MN 55353 (US)

• SAFRIS, Yefim, I.
Golden Valley
MN 55422 (US)

(74) Representative: Copsey, Timothy Graham et al
Kilburn & Strode LLP 
Lacon London 
84 Theobalds Road
London WC1X 8NL (GB)

(56) References cited:  
WO-A1-2006/094535 WO-A2-2009/064787
JP-A- 2004 301 135 JP-A- 2007 196 792
JP-A- 2008 208 932 JP-U- H0 581 194
US-A- 703 251 US-A- 1 547 946
US-A1- 2007 198 089 US-A1- 2007 250 171
US-A1- 2007 255 415  



EP 2 457 001 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

PRIORITY CLAIM

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 61/271,548, filed July 22, 2009,
and U.S. Provisional Application No. 61/365,131, filed
July 16, 2010.

FIELD OF THE INVENTION

[0002] The present invention relates to mechanisms
for expanding or lifting between a compressed configu-
ration and an expanded configuration. More specifically,
the present invention relates to a coaxial screw gear
sleeve mechanism.

BACKGROUND OF THE INVENTION

[0003] Many devices use various mechanisms to ex-
pand or lift the device from a compressed configuration
to an expanded configuration. The goal of such mecha-
nisms is typically to provide a device with the greatest
difference between its compressed configuration and its
expanded configuration, while still providing sufficient
strength to provide a stable device that can support what-
ever type of load that may be placed on the device.
JP2007196792 (NSK Ltd) describes an electric power
steering device which is designed to reduce the force
transferred to the steering shaft through the use of a ball
screw mechanism.
[0004] However, many such mechanisms either re-
quire a large compressed configuration, limited expan-
sion from the compressed configuration to the expanded
configuration, and/or lack the strength to keep the device
stable under loading conditions.
[0005] Accordingly, it would be desirable to provide a
mechanism that can be used for expanding or lifting a
device that provides for a small compressed configura-
tion and a large expansion to an expanded configuration,
while possessing sufficient strength to provide a stable
base under loading conditions.

SUMMARY OF THE INVENTION

[0006] An improved mechanism for expanding or lifting
a device in accordance with various embodiments of the
present invention is a coaxial screw gear sleeve mech-
anism. The present invention provides a coaxial screw
gear sleeve mechanism as defined in claim 1.
[0007] Further advantages are achieved by the em-
bodiments indicated by the dependent claims.
[0008] The above summary of the various embodi-
ments of the invention is not intended to describe each
illustrated embodiment or every implementation of the
invention. This summary represents a simplified over-
view of certain aspects of the invention to facilitate a basic
understanding of the invention and is not intended to

identify key or critical elements of the invention or delin-
eate the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention may be more completely under-
stood in consideration of the following detailed descrip-
tion of various embodiments of the invention in connec-
tion with the accompanying drawings, in which:

Figure 1A is perspective view of a device employing
a coaxial screw gear sleeve mechanism according
to an embodiment of the present invention in a col-
lapsed configuration.
Figure 1B is a perspective view of the device of Fig-
ure 1A in an expanded configuration.
Figure 1C is an exploded view of the device of Figure
1A.
Figure 1D is a partial sectional view of the device of
Figure 1A.
Figure 2A is a partial side view of a coaxial screw
gear sleeve mechanism according to an embodi-
ment of the present invention.
Figure 2B is a partial side view of the coaxial screw
gear sleeve mechanism of Figure 2A.
Figure 3A is a partial side view of a coaxial screw
gear sleeve mechanism according to an embodi-
ment of the present invention.
Figure 3B is a partial side view of the coaxial screw
gear sleeve mechanism of Figure 3A.
Figure 4A is a partial top view of a coaxial screw gear
sleeve mechanism according to an embodiment of
the present invention.
Figure 4B is a partial top view of the coaxial screw
gear sleeve mechanism of Figure 4A.
Figure 5A is an end view of a device employing a
coaxial screw gear sleeve mechanism according to
an embodiment of the present invention.
Figure 5B is a cross-sectional end view of the device
of Figure 5A taken looking into the page.
Figure 6A is a front view of a device employing a
coaxial screw gear sleeve mechanism according to
an embodiment of the present invention.
Figure 6B is a cross-sectional view of the device of
Figure 6A taken along the lines 6B-6B.
Figure 7A is a front view of a a device employing a
coaxial screw gear sleeve mechanism according to
an embodiment of the present invention.
Figure 7B is a cross-sectional view of the device of
Figure 7A taken along the lines 7B-7B.
Figure 8A is an exploded view of a device employing
a coaxial screw gear sleeve mechanism according
to an embodiment of the present invention.
Figure 8B is a perspective view of the device of Fig-
ure 8A.
Figure 8C is a front view of the device of Figure 8A.
Figure 8D is a cross-sectional view of the device of
Figure 8A taken along the lines 8D-8D in Figure 8C.
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Figure 9A is an exploded view of a device employing
a coaxial screw gear sleeve mechanism according
to an embodiment of the present invention.
Figure 9B is a perspective view of the device of Fig-
ure 9A.
Figure 9C is a bottom view of the device of Figure 9A.
Figure 9D is a cross-sectional view of the device of
Figure 9A taken along the lines 9D-9D in Figure 9C.
Figure 10A is a perspective view of a device employ-
ing a coaxial screw gear sleeve mechanism accord-
ing to an embodiment of the present invention.
Figure 10B is a front view of the device of Figure 10A.
Figure 10C is a cross-sectional view of the device of
Figure 10A taken along the lines 10C-10C in Figure
10B.
Figure 10D is a cross-sectional view of the device of
Figure 10A taken along the lines 10D-10D in Figure
10B.
Figure 11A is a perspective view of a device employ-
ing a coaxial screw gear sleeve mechanism accord-
ing to an embodiment of the present invention.
Figure 11B is a side view of the device of Figure 11A.
Figure 12A is a perspective view of a device employ-
ing a coaxial screw gear sleeve mechanism.
Figure 12B is a side view of the device of Figure 12A.
Figure 13A is a perspective view of a device employ-
ing a coaxial screw gear sleeve mechanism.
Figure 13B is a side view of the device of Figure 13A.
Figure 14A is a perspective view of an expandable
device employing a coaxial screw gear sleeve mech-
anism according to an embodiment of the present
invention.
Figure 14B is a partial cutaway view of the device of
Figure 14A.
Figure 15A is a perspective view of a expandable
device employing a coaxial screw gear sleeve mech-
anism.
Figure 15B is a partial view of the device of Figure
15A.
Figure 15C is a partial view of the device of Figure
15A.
Figure 15D is a partial view of the device of Figure
15A.

[0010] While the invention is amenable to various mod-
ifications and alternative forms, specifics thereof have
been shown by way of example in the drawings and will
be described in detail. It should be understood, however,
that the intention is not to limit the invention to the par-
ticular embodiments described. On the contrary, the in-
tention is to cover all modifications, equivalents, and al-
ternatives falling within the scope of the invention as de-
fined by the appended claims.

DETAILED DESCRIPTION OF THE DRAWINGS

[0011] In the following detailed description of the
present invention, numerous specific details are set forth

in order to provide a thorough understanding of the
present invention. However, one skilled in the art will rec-
ognize that the present invention may be practiced with-
out these specific details. In other instances, well-known
methods, procedures, and components have not been
described in detail so as to not unnecessarily obscure
aspects of the present invention.
[0012] Referring to Figures 1A-1C, there can be seen
a device 100 that utilizes a pair of coaxial screw gear
sleeve mechanisms 101 according to an embodiment of
the present invention. Figure 1A shows the device 100
and coaxial screw gear sleeve mechanisms 101 in a fully
compressed configuration, Figure 1B shows a fully ex-
panded configuration, and Figure 1C shows an exploded
view of the device 100. Device 100 includes a first mem-
ber 110 having an outer surface 102 and a second mem-
ber 150 having an outer surface 104.
[0013] Device 100 can also include a pair of coaxial
screw gear sleeve mechanisms 101. Coaxial screw gear
sleeve mechanisms 101 include respective threaded
post members 111, 112 extending from first member 110
and a pair of threaded geared sleeves 120, 130 config-
ured to surround the post members 111, 112. Threaded
post members 111, 112 can have threads 113, 114 de-
fined on an exterior surface thereof. Threaded geared
sleeves 120, 130 can have both interior threads 122, 132
configured to interface with the threads 113, 114 of
threaded post members 111, 112 and exterior threads
121, 131. In one example, both the exterior 121 and in-
terior 122 threads of one of the sleeves 120 are of an
opposite hand to the threads 131, 132 of the other sleeve
130. External threads 121, 131 of sleeves 120, 130 can
have gear teeth 124, 134 cut into the thread. In one ex-
ample, the gear teeth 124, 134 are not cut down to the
root, or minor diameter, of the threads 121, 131 in order
to maximize the strength of the threads. In the com-
pressed configuration, threaded geared sleeves 120,
130 can fit within sleeve openings 161, 162 in second
member 150. Openings 161, 162 can include threaded
portions 151, 152 that mesh with exterior threads 121,
131 of threaded geared sleeves 120, 130. In some ex-
amples, as pictured, threaded geared sleeves 120, 130
can be substantially solid. In other examples, threaded
geared sleeves can include one or more slots through
the sleeve for mass reduction and material savings.
[0014] The coaxial screw gear sleeve mechanisms
101 can be actuated, and the device 100 therefore ex-
panded, with the aid of a worm 140 that extends through
a worm aperture 154 in the device 100. The worm 140
can have first 142 and second 141 opposing threaded
sections configured to interface with the exterior threads
having gear teeth 124, 134 of threaded geared sleeves
120, 130 through a pair of apertures 157, 158 in threaded
portions 151, 152 of sleeve openings 161, 162. The worm
140 can include a hex 143, 144 at each end of the worm
140 that allows it to be driven by an external device.
[0015] A partial sectional view of a pair of coaxial screw
gear sleeve mechanisms 101 in use with a device 100
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in Figure 1D helps illustrate how a device can employ
multiple coaxial screw gear sleeve mechanisms as tele-
scoping mechanisms utilizing the threaded post mem-
bers 111, 112, threaded geared sleeves 120, 130 and
the worm 140 to expand the first member 110 and second
member 150 relative to each other. By turning hex 144
counterclockwise, and therefore the worm 140 counter-
clockwise, first threaded section 142 of worm 140 pulls
the gear teeth 134 of threaded geared sleeve 130 to-
wards the hex head 144. This causes the sleeve 130 to
translate upward from the second member 150 and worm
140 along internal threads 152. As the sleeve 130 rotates
while it translates upward, the threaded post member
112 extending from the first member 110, which is unable
to turn, also translates upward with respect to the sleeve
130 and the second member 150. This second translation
results from the opposite handed external threads 114
of the threaded post member 112 being driven by the
matching internal threads 132 of the sleeve 130. The
same mechanics are occurring on the other side of the
device with oppositely threaded sleeve 120 having ex-
ternal threads 121 and internal threads 122, post member
111 having external threads 113 and second threaded
section 141 of worm 140.
[0016] Because the threads for like components for
each device are opposite handed, the threads 142 on
one side of the worm 140 will be pulling the gear teeth
134 of the threaded geared sleeve 130 while the threads
141 on the other side of the worm 140 will be pushing
the gear teeth 124 on the other sleeve 120, or vice versa
depending on the direction of rotation of the worm 140.
These opposing forces applied to the worm 140 by the
threaded geared sleeves 120, 130 are carried in either
tension or compression by the worm 140.
[0017] Alternative drive mechanisms to worm drive for
actuating coaxial screw gear sleeve mechanisms include
piezoelectric actuators and any momentum imparting
collision mechanism or configuration.
[0018] Referring now to Figures 2A and 2B, a preferred
fit of gear teeth 124, 134 of threaded geared sleeves 120,
130 with a cooperating thread such as internal threaded
portions, 151, 152 of second member 150 is shown. As
the gear teeth 124, 134 are thrust towards the internal
threads 151, 152 of the second member 150 by the worm,
the load between the gear teeth 124, 134 and threads
151, 152 is balanced by the bearing surfaces 163, 164
between the components, which results in the ability of
the device 100 to expand under or lift a substantial load.
This fit between the gear teeth 124, 134 and the internal
threads 151, 152 can be contrast with the fit shown in
Figures 3A and 3B. In those figures, when the gear teeth
124’, 134’ of the threaded geared sleeves 120’, 130’ are
thrust towards the internal threads 151’, 152’ of the sec-
ond member 150’, the force is not balanced by bearing
surfaces as in Figure 2B, but by the force the internal
threads 151’, 152’ apply to the gear teeth 124’, 134’. This
can result in the gear teeth 124’, 134’ acting as a wedge
and becoming jammed against the internal threads 151’,

152’, which dramatically reduces the ability of the coaxial
screw gear sleeve mechanisms to expand under or lift
substantial loads and makes the mechanism more sen-
sitive to friction between components. Optionally, a liquid
or gas lubricant, such as silicon lubricant, may be used
to reduce friction in the mechanism. Saline may also be
used as a lubricant.
[0019] It should be noted that although the threads de-
picted in the Figures are all screw threads in the form of
projecting helical ribs, "thread" for the purposes of the
present invention can also refer to any other mechanism
that translates rotational force into translational or longi-
tudinal movement. For example, in some examples
threads can be comprised of a recirculating or spiral ar-
rangement of bearings or any other low friction arrange-
ment, such as cooperating magnets.
[0020] In one example, the height of a device 100 uti-
lizing coaxial gear sleeve mechanisms 101 between the
bearing surfaces 102, 104 in the fully compressed con-
figuration is 6.5 millimeters and the maximum fully ex-
panded height is 12 millimeters, thus providing a very
large amount of expansion relative to the initial height of
the device. The maximum height is defined by the largest
height at which the device can meet the dynamic com-
pressive, shear, and torsional requirements for the given
use of the device. Variables that determine this height
include the width of the threaded geared sleeves, which
is limited by the desired width of the device, and the ma-
terial from which the device is made. With regard to the
material for the device, materials with higher fatigue per-
formance allow the maximum height of the device to be
taller even with a narrower width.
[0021] Once expanded, coaxial gear sleeve mecha-
nisms 101 do not require a locking mechanism to main-
tain the desired height, even under loading conditions.
This is because, when driven backwards, the mechanism
exhibits a very high gear ratio which causes even the
slightest friction in the system to overwhelm any amount
of compression, torsion, or shear loading that might be
applied to the device. In dynamic testing in shear, torsion,
and compression, the maximum amount by which the
height of one example of the device that had a maximum
expansion of 5.5 millimeters changed was by approxi-
mately 0.01 millimeter. The device 100, because height
can be maintained at any point along the threaded geared
sleeves, therefore also exhibits very high resolution
height control, on the order of 1 micrometer.
[0022] In one example, the external threads 121, 131
and gear teeth 124, 134 on the threaded geared sleeves
120, 130 can be substantially trapezoidal in shape. In
one example, the thread is a trapezoidal 8 millimeter by
1.5 millimeter metric thread. A trapezoidal design ena-
bles a relatively large gear tooth size and, accordingly,
a larger area over which the expansion or lifting loading
is distributed. Additionally, with precise manufacturing,
multiple gear teeth 124, 134 on the threaded geared
sleeves 120, 130 can be engaged by the worm 140 at
the same time along the pressure angle ANG, as shown
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in Figures 4A and 4B. Distributing the expansion load
over multiple teeth of the sleeves 120, 130 and the worm
140 is critical to achieve the minimum device size while
providing a maximum amount of expansion or lift and
load capacity.
[0023] In one example, the coaxial gear sleeve mech-
anisms 101 can be used with a device 100 having a
strengthened second member 150 as shown in Figures
5A and 5B. This can be done by lowering the worm ap-
erture 154, and therefore the worm 140, such that when
the device 100 is expanded to its full height, the worm
140 engages a full gear tooth 134A on the threaded
geared sleeve 130 closest to the bottom 136 of the
threaded geared sleeve 130. This allows a top surface
166 of the second member 150 to be lowered, which
allows the first member 110 to be thicker, and therefore
stronger, while maintaining the same initial height In ad-
dition, this allows the material 168 between the top sur-
face 166 of the second member 150 and the worm ap-
erture 154 to be made thicker. A further advantage of this
configuration is that at least one full internal thread 152A
of the second member 150 is in engagement with the
threaded geared sleeve 134 when the device is fully ex-
panded. In such a configuration, an additional thickness
167 can be added to the side of second member 150
opposite of the worm aperture 154 to what was previously
described as the top surface 166A of that side of the
second member 150. This allows for a full internal thread
152B to engage the threaded geared sleeve 130 on the
side opposite of internal thread 152A. By capturing the
threaded geared sleeve with a full thread on both sides,
when the device is loaded with shear and torsion, a max-
imum amount of material is resisting the load, which min-
imizes the resulting stress and increases the fatigue life
of the device 100.
[0024] Figures 6A and 6B depict another example of
the present invention where in threaded posts 111, 112
employ a buttress thread 113A, 114A (compare threads
113A in Figure 6B to threads 113, 114 in Figure 1D). A
buttress thread configuration results in the load bearing
thread face being perpendicular to the screw axis of the
post 111, 112, which increases the axial strength of the
coaxial screw gear sleeve mechanisms. Figures 7A and
7B depict a further example that utilizes a standard 60
degree thread 113B, 114B on threaded posts 111, 112.
60 degree threads are considered industry standard and
can therefore be created with common machining prac-
tices. This can result in a device that can be more quickly
and inexpensively produced.
[0025] Referring now to Figures 8A-8D, another ex-
pandable device 400 includes a pair of coaxial screw
gear sleeve mechanisms 401 comprising threaded
geared posts 423 extending between first member 410
and second member 450 rather than the separate thread-
ed geared sleeves 120, 130 and threaded posts 111,112
described previously. Threaded geared posts 423 each
include a threaded geared portion 421 and a post portion
411. Threaded geared portions 421 fit within openings

461 in second member 450 and interface with worm 440
and internal threads 451 to cause the device 400 to ex-
pand or lift. Post portions 411 fit within openings 416 in
first member 410 and can be attached to washers 418.
Washers 418 keep the first member 410 in place relative
to the threaded geared posts 423 as the threaded geared
posts 423 rotate freely independent of the first member
410 when the device 400 is actuated. Thus, as seen in
Figures 8C and 8D, the expansion between the first mem-
ber 410 and the second member 450 is caused by the
thicker threaded geared portions 421 while the post por-
tions 411 remain within the openings 416 in first member
410. This leads to a device 400 having increased axial
strength.
[0026] Figures 9A-9D depict a further example of an
expandable device 500 utilizing coaxial screw gear
sleeve mechanisms 501 that allows for differential ad-
justment of the threaded geared sleeves 520. Threaded
posts 511 can each include an arched portion 515 that
corresponds to an arched recess 517 in first member
510. The arched interface between the threaded posts
511 and the first member 510 created by the correspond-
ing arched portions 515 and arched recesses 517 allows
the first member 510 to rotate and become angled relative
to the second member 550. A pin joint utilizing a pivot
pin 572 can be used to keep one interface between the
first member 510 and a threaded post 511 stationary,
while the other interface is allowed to slide due to the
arched surfaces. A placement pin 570 is used to prevent
the worm 540 from sliding out of the second member 550
when expanding the device. Worm 540 can be a two-part
worm including a first portion 546 having a first threaded
section 543 and second portion 548 having a second
threaded section 544 that fits onto a post 547 of first por-
tion 546. The two portions 546, 548 can therefore be
rotated independently of each other, with each driving a
separate threaded geared sleeve 520. Because each
threaded geared sleeve 520 can be engaged separately,
they can be expanded by different amounts, resulting in
an angled first member 510 as shown most clearly in
Figure 9D. Optionally, the arched recesses 517 in the
first member 550 and arched surfaces 515 of the posts
511 could be replaced with flexural joints or ball or cylin-
der and socket joints.
[0027] An expandable device 600 according to another
example of the present invention is depicted in Figures
10A-10D. Device 600 uses three coaxial screw gear
sleeve mechanisms 601, each having a threaded geared
sleeve 620 and a threaded post 621, between first mem-
ber 610 and second member 650. As seen in Figures
10C and 10D, to expand or lift the device, the worm drive
640 is rotated and it engages one of the threaded geared
sleeves 620, causing it to rotate. As the first threaded
geared sleeve 620 rotates, it engages the other two
threaded geared sleeves 620, causing them to rotate and
the device 600 to expand. The rotation of the threaded
geared sleeves 620 also causes the threaded posts 621
to expand, as described previously. Use of three coaxial
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screw gear sleeve mechanisms provides for a device
having increased strength in the axial direction and a
broader surface area for supporting loads. Optionally,
each of the three expansion mechanisms could be actu-
ated independently to adjust the surface of the device in
additional degrees of freedom.
[0028] Figures 11A and 11B depict a device 700 that
employs only a single coaxial screw gear mechanism
701 having a threaded geared sleeve 720 and a threaded
post 721 for expanding first member 710 relative to sec-
ond member 750 with worm 740. Device 700 also can
include first 774 and second 776 telescoping support el-
ements. Telescoping support elements 774, 776 serve
to maintain the relative rotational positioning of the first
member 710 with respect to the second member 750,
enabling the threaded geared sleeve 720 to rotate with
respect to both the first member 710 and second member
750 to expand the device 700. Figures 12A and 12B de-
pict a further variation of device 700 that utilizes a plurality
of spikes 778 extending from the first member 710 and
second member 750 to rotationally constrain the first
member 710 and second member 750. In operation, the
spikes 778 contact adjacent surfaces and can fix them-
selves to those surfaces to prevent the first member 710
and second member 750 from rotating relative to each
other. A further example is depicted in Figures 13A and
13B. This example includes a coaxial screw gear sleeve
mechanism having only a threaded geared sleeve 720
between first member 710 and second member 750 and
allows the first member 710 to rotate with the sleeve 720
as the device 700 is expanded via rotation of the worm
740. Optionally, first member 710 could be rotationally
free with respect to the threaded geared sleeve 720 so
that the first member 710 is allowed to engage and not
rotate against an adjacent surface.
[0029] Figures 14A and 14B depict an expandalbe de-
vice 800 including an enveloping coaxial screw gear
sleeve with recirculating bearings according to another
embodiment of the present invention. Device 800 in-
cludes a post 810, an enveloping coaxial screw gear
sleeve 820, a worm 830 and a housing 840. Post 810
includes a smooth outer surface 812 and a machined
helical raceway 811 for bearings 813. A helical raceway
(not shown) is also machined into inner surface of envel-
oping coaxial screw gear sleeve 820 that is complemen-
tary to helical raceway 811 for accommodating bearings
813. The inner surface of coaxial screw gear sleeve 820
also includes a machined tunnel for recirculation of bear-
ings 813 as the post 810 moves with respect to the sleeve
820. The recirculating bearings are depicted as bearings
814 in Figure 14B. The outer surface of the enveloping
coaxial screw gear sleeve also includes a helical raceway
821 for recirculating bearings 814 and an enveloping
screw gear 822. The worm 830 has a helical thread con-
figured to engage the enveloping screw gear 822 of the
sleeve 820. The inner surface of the housing 840 has a
helical raceway (not shown) that cooperates with helical
raceway 821 to retain bearings 814 and a tunnel for re-

circulating bearings 814 as the coaxial screw gear sleeve
820 moves with respect to the housing 840.
[0030] To expand the device 800, the worm 830 is ro-
tated clockwise to engage the enveloping screw gear 822
to rotate and translate the enveloping coaxial screw gear
sleeve 820 out of the housing 840. This simultaneously
causes the post 810 to translate (but not rotate) out of
the enveloping coaxial screw gear sleeve 820 and away
from the housing 840. Bearings 813, 814 enable the ro-
tation of the enveloping coaxial screw gear sleeve 820
with very little friction, enabling the device 800 to exhibit
a very high mechanical advantage and displacement
control with very high resolution. The use of the envel-
oping screw gear 822 enables the interface between the
worm 830 and the enveloping coaxial screw gear sleeve
820 to carry substantially higher loading.
[0031] Referring now to Figures 15A-15D, there can
be seen another expandable device 900 utilizing a coax-
ial screw gear sleeve. Device 900 includes an enveloping
coaxial screw gear 910, a housing 920 and a worm 930.
The outer surface of enveloping coaxial screw gear
sleeve 910 includes a helical groove having a series of
enveloping coaxial screw gear teeth 914. The helical
groove can cooperate with an internal thread 921 on the
inner surface 922 of housing 920 to allow the device 900
to carry an axial load. In another example, the gear teeth
914 can be machined directly into the outer surface of
the enveloping coaxial screw gear sleeve 910. In one
example, the outer surface of the enveloping coaxial
screw gear sleeve 910 can be a smooth machined sur-
face that acts like a bearing surface when configured with
a similar smooth bearing surface on the inner surface
922 of housing 920 to enable the device 900 to carry a
lateral load. Optionally, the coaxial screw gear sleeve
920 could have recirculating bearings both on the inside
and the outside of the sleeve and the recirculation tunnel
could be between the inside and the outside of the sleeve,
both facilitating assembly and manufacturing.
[0032] To expand the device 900, the worm 930 is ro-
tated to engage the enveloping coaxial screw gear teeth
914 to rotate and translate the enveloping coaxial screw
gear sleeve 910 with respect to the housing 920. In one
example, the inner surface 910 and center bore 912 can
be configured to contain a post similar to the post 910
described in Figures 14A and 14B to compound the ex-
pansion or lift of the device. In one example, no thread
921 is present on the inner surface 922 of housing 920,
so the helical groove and/or gear teeth 914 of the envel-
oping coxial screw gear sleeve 910 cause the sleeve 910
to translate with respect to the housing 930 as the sleeve
910 rotates. In such a configuration, the worm 930 would
carry any axial load, unassisted by an inclined interface
between the enveloping coaxial screw gear sleeve 910
and the housing 920.
[0033] Coaxial screw gear sleeve mechanisms as de-
scribed herein can be made out of any material, including
metals, plastics and ceramics. In one example, coaxial
screw gear sleeve mechanisms as described herein can
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be made of titanium. In other examples, mechanisms can
be made from cobalt chrome, MP35N, PEEK, stainless
steel, or carbon fiber.
[0034] Coaxial screw gear sleeve mechanisms can be
manufactured in various ways. In one example, thread
milling can be implemented to manufacture the various
threads in device. Wire EDM can be utilized to manufac-
ture some or all of the holes and openings in the device.
Assembly jigs and post processing steps can also be
utilized to allow the device to be manufactured to exacting
standards.
[0035] Various embodiments of systems, devices and
methods have been described herein. These embodi-
ments are given only by way of example and are not
intended to limit the scope of the present invention. It
should be appreciated, moreover, that the various fea-
tures of the embodiments that have been described may
be combined in various ways to produce numerous ad-
ditional embodiments. Moreover, while various materi-
als, dimensions, shapes, implantation locations, etc.
have been described for use with disclosed embodi-
ments, others besides those disclosed may be utilized
without exceeding the scope of the invention as defined
by the appended claims.

Claims

1. A coaxial screw gear sleeve mechanism comprising:

a first member (110) and a second member
(150) each having an inner surface configured
to face the inner surface of the other;
a first post and a second post
(111,112,511,621,721,810) each having a
threaded exterior surface (113,
114,113A,114A,113B,114B,811) on a portion of
the post; and
a corresponding sleeve
(120,130,520,620,720,820) for each post con-
figured to surround the respective post and hav-
ing:

a threaded interior surface (122,132) on a
portion of the sleeve configured to directly
interface with the threaded exterior surface
of the post (113,
114,113A,114A,113B,114B,811) ; and a
helically geared exterior surface
(124,134,134A,822) on a portion of the
sleeve; and

a drive mechanism having a surface configured
to simultaneously interface with and drive the
geared exterior surface of each of the sleeves,

arranged such that selective operation of the drive
mechanism causes a telescopic expansion of the

first member (110) with respect to the second mem-
ber (150) by a simultaneous telescopic axial expan-
sion of the first sleeve and the second sleeve trans-
lating relative to the drive mechanism and the first
post and the second post translating relative to the
first sleeve and the second sleeve, and
wherein the second member defines a pair of thread-
ed sleeve openings (161, 162) in the inner surface
each sized to rotatingly accommodate one of the
sleeves therein, and
the second member further defines a drive mecha-
nism aperture (154) sized to rotatingly contain the
drive mechanism therein, and wherein the drive
mechanism interfaces with the sleeves through re-
spective apertures (157, 158) in the second member
between the drive mechanism aperture and the
sleeve openings.

2. The mechanism of claim 1, wherein the geared ex-
terior surface (124,134,134A,822) of the sleeve
(120,130,520,620,720,820) has a screw pitch orien-
tation generally opposite of a screw pitch orientation
of the threaded exterior surface (113,
114,113A,114A,113B,114B,811) of the post
(111,112,511,621,721,810) and the threaded interi-
or surface (122,132) of the sleeve.

3. The mechanism of claim 1, wherein the threaded
interior surface (122) and geared exterior surface
(124) of the sleeve (120) of one of the coaxial screw
gear sleeve mechanisms have a screw pitch orien-
tation generally opposite of a screw pitch orientation
of the threaded interior surface (132) and geared ex-
terior surface (134,134A) of the other coaxial screw
gear sleeve mechanism.

4. The mechanism of claim 1, wherein the drive mech-
anism is a worm drive (140, 540,640,740,830) hav-
ing a pair of threaded sections (141,142,543,544),
each threaded section configured to interface with
one of the coaxial screw gear sleeve mechanisms.

5. The mechanism of claim 1, wherein the interface be-
tween the sleeve (820) and the post (810) includes
a plurality of ball bearings (813,814).

6. The mechanism of claim 5, wherein the inner surface
of the sleeve (820) includes a recirculation tunnel
(821) for recirculating the ball bearings (813,814) as
the mechanism is expanded.

7. The mechanism of claim 1, wherein the geared ex-
terior surface (124,134,134A,822) on the portion of
the sleeve (120,130,520,620,720,820) is defined on
a thread (121, 131) extending in a helical pattern
along a height of the sleeve.

8. A method of operating a device according to any one
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of Claims 1 to 8.

Patentansprüche

1. Koaxialer Schraubgetriebehülsenmechanismus
umfassend:

ein erstes Element (110) und ein zweites Ele-
ment (150) mit jeweils einer Innenfläche, die so
ausgebildet ist, dass sie der Innenfläche des an-
deren Elements zugewandt ist;
eine erste Stange und eine zweite Stange
(111,112,511,621,721,810), die jeweils eine äu-
ßere Gewindefläche
(113,114,113A,114A,113B,114B,811) an ei-
nem Teilabschnitt der Stange aufweisen; und
eine entsprechende Hülse
(120,130,520,620,720,820) für jede Stange, so
ausgelegt, dass sie die jeweilige Stange umgibt,
und aufweisend:

eine innere Gewindefläche (122,132) an ei-
nem Teilabschnitt der Hülse, so ausgelegt,
dass sie unmittelbar an die äußere Gewin-
defläche der Stange
(113,114,113A,114A,113B,114B,811) an-
setzt; und
eine spiralverzahnte Außenfläche
(124,134,134A,822) an einem Teilabschnitt
der Hülse; und

einen Antriebsmechanismus mit einer Fläche,
die so ausgelegt ist, dass sie an der verzahnten
Außenfläche jeder der Hülsen ansetzt und diese
antreibt,
so angeordnet, dass ein selektives Betreiben
des Antriebsmechanismus ein teleskopisches
Abspreizen des ersten Elements (110) in Bezug
auf das zweite Element (150) durch eine gleich-
zeitige teleskopische axiale Abspreizung der
ersten Hülse und der zweiten Hülse, die relativ
zum Antriebsmechanismus translatorisch ver-
fahren, und der erste Stange und der zweite
Stange, die relativ zur ersten Hülse und zur
zweiten Hülse translatorisch verfahren, bewirkt,
und
wobei das zweite Element in der Innenfläche
zwei Hülsengewindeöffnungen (161, 162) defi-
niert, die jeweils so bemessen sind, dass sie ei-
ne der Hülsen drehbar in sich aufnehmen, und
das zweite Element ferner eine Antriebsöffnung
(154) definiert, die so bemessen ist, dass sie
den Antriebsmechanismus drehend in sich auf-
nimmt, und wobei der Antriebsmechanismus
über entsprechende, zwischen der Antriebsöff-
nung und den Hülsenöffnungen im zweiten Ele-
ment befindliche Öffnungen (157, 158) an den

Hülsen ansetzt.

2. Mechanismus nach Anspruch 1, wobei die verzahn-
te Außenfläche (124,134,134A,822) der Hülse
(120,130,520,620,720,820) eine Gewindesteigung
aufweist, deren Ausrichtung allgemein entgegenge-
setzt zur Ausrichtung einer Gewindesteigung der äu-
ßeren Gewindefläche
(113,114,113A,114A,113B,114B,811) der Stange
(111,112,511,621,721,810) und der inneren Gewin-
defläche (122,132) der Hülse ist.

3. Mechanismus nach Anspruch 1, wobei die innere
Gewindefläche (122) und die verzahnte Außenflä-
che (124) der Hülse (120) von einem der koaxialen
Schraubgetriebehülsenmechanismen eine Gewin-
desteigung ausweisen, deren Ausrichtung allge-
mein entgegengesetzt zur Ausrichtung einer Gewin-
desteigung der inneren Gewindefläche (132) und
verzahnten Außenfläche (134, 134A) des anderen
koaxialen Schraubgetriebehülsenmechanismus ist.

4. Mechanismus nach Anspruch 1, wobei der Antriebs-
mechanismus ein Schneckentrieb
(140,540,640,740,830) mit zwei Gewindeabschnit-
ten (141,142,543,544) ist, wobei jeder Gewindeab-
schnitt so ausgelegt ist, dass er an einem der koa-
xialen Schraubgetriebehülsenmechanismen an-
setzt.

5. Mechanismus nach Anspruch 1, wobei die Grenz-
fläche zwischen der Hülse (820) und der Stange
(810) eine Mehrzahl von Kugellagern (813, 814) um-
fasst.

6. Mechanismus nach Anspruch 5, wobei die Innenflä-
che der Hülse (820) einen Rückführtunnel (821) zum
Rückführen der Kugellager (813,814) beim Aufsprei-
zen des Mechanismus umfasst.

7. Mechanismus nach Anspruch 1, wobei die gezahnte
Außenfläche (124,134,134A,822) am Teilabschnitt
der Hülse (120,130,520,620,720,820) an einem Ge-
winde (121, 131) definiert ist, das spiralförmig ent-
lang der Höhe der Hülse verläuft.

8. Verfahren zum Betreiben einer Vorrichtung nach ei-
nem der Ansprüche 1 bis 8.

Revendications

1. Mécanisme à manchon coaxial à engrenage hélicoï-
dal, comprenant :

un premier organe (110) et un deuxième organe
(150) ayant chacun une surface interne confi-
gurée pour faire face à la surface interne de
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l’autre ;
une première tige et une deuxième tige (111,
112, 511, 621, 721, 810) ayant chacune une sur-
face extérieure filetée (113, 114, 113A, 114A,
113B, 114B, 811) sur une partie de la tige ; et
un manchon correspondant (120, 130, 520, 620,
720, 820) pour chaque tige, configuré pour en-
tourer la tige respective et ayant :

une surface extérieure filetée (122, 132) sur
une portion du manchon, configurée pour
coopérer directement avec la surface exté-
rieure filetée de la tige (113, 114, 113A,
114A, 113B, 114B, 811) ; et
une surface extérieure à engrenage hélicoï-
dal (124, 134, 134A, 122) sur une partie du
manchon ; et

un mécanisme d’entraînement ayant une surfa-
ce configurée pour simultanément coopérer
avec la surface extérieure à engrenage de cha-
cun des manchons et pour entraîner celle-ci,
agencés de telle sorte que l’actionnement sé-
lectif du mécanisme d’entraînement entraîne
une extension télescopique du premier organe
(110) par rapport au deuxième organe (150) par
extension axiale télescopique simultanée du
premier manchon et du deuxième manchon se
déplaçant en translation par rapport au méca-
nisme d’entraînement et de la première tige et
de la deuxième tige se déplaçant en translation
par rapport au premier manchon et au deuxième
manchon, et
le deuxième organe définissant une paire
d’ouvertures de manchon filetées (161, 162)
dans la surface interne, chacune étant dimen-
sionnée pour recevoir par rotation l’un des man-
chons à l’intérieur de celle-ci, et
le deuxième organe définissant en outre une
ouverture de mécanisme d’entraînement (154)
dimensionnée pour contenir par rotation le mé-
canisme d’entraînement à l’intérieur de celle-ci,
et le mécanisme d’entraînement coopérant avec
les manchons par des ouvertures respectives
(157, 158) dans le deuxième organe entre
l’ouverture du mécanisme d’entraînement et les
ouvertures de manchon.

2. Mécanisme selon la revendication 1, dans lequel la
surface extérieure à engrenage (124, 134, 134A,
822) du manchon (120, 130, 520, 620, 720, 820) a
une orientation de pas de vis généralement opposée
à une orientation de pas de vis de la surface exté-
rieure filetée (113, 114, 113A, 114A, 113B, 114B,
811) de la tige (111, 112, 511, 621, 721, 810) et de
la surface intérieure filetée (122, 132) du manchon.

3. Mécanisme selon la revendication 1, dans lequel la

surface intérieure filetée (122) et la surface extérieu-
re à engrenage (124) du manchon (120) de l’un des
mécanismes à manchon coaxial à engrenage héli-
coïdal présentent une orientation de pas de vis gé-
néralement opposée à une orientation de pas de vis
de la surface intérieure filetée (132) et de la surface
extérieure à engrenage (134, 134A) de l’autre mé-
canisme à manchon coaxial à engrenage hélicoïdal.

4. Mécanisme selon la revendication 1, dans lequel le
mécanisme d’entraînement est un entraînement à
vis sans fin (140, 540, 640, 740, 830) ayant une paire
de sections filetées (141, 142, 543, 544), chaque
section filetée étant configurée pour coopérer avec
l’un des mécanismes à manchon coaxial à engrena-
ge hélicoïdal.

5. Mécanisme selon la revendication 1, dans lequel l’in-
terface entre le manchon (820) et la tige (810) com-
porte une pluralité de roulement à billes (813, 814).

6. Mécanisme selon la revendication 5, dans lequel la
surface interne du manchon (820) comporte un tun-
nel de recirculation (821) pour faire circuler les rou-
lements à billes (813, 814) à mesure que le méca-
nisme est étendu.

7. Mécanisme selon la revendication 1, dans lequel la
surface extérieure à engrenage (124, 134, 134A,
822) sur la partie du manchon (120, 130, 520, 620,
720, 120) est définie sur un filetage (121, 131) s’éten-
dant suivant un motif hélicoïdal le long d’une hauteur
du manchon.

8. Procédé pour faire fonctionner un dispositif selon
l’une quelconque des revendications 1 à 8.
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