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DRIVE MECHANISM FOR INTERPROXMAL 
FLOSSING DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a divisional patent appli 
cation of U.S. patent application Ser. No. 10/238,666, filed 
Sep. 9, 2002 and entitled “Drive Mechanism for Interproxi 
mal Flossing Device', which is a divisional patent applica 
tion of U.S. patent application Ser. No. 09/636,488, filed 
Aug. 10, 2000 and entitled “Drive Mechanism for Inter 
proximal Flossing Device', now U.S. Pat. No. 6,447.293; 
which claims the benefit under 35 U.S.C. S 119(e) to 
provisional patent application No. 60/148,915, filed Aug. 13, 
1999 and entitled “Interproximal Flossing Device'; the 
disclosures of which are hereby incorporated herein in their 
entireties. 

FIELD OF THE INVENTION 

0002 This invention relates to interproximal flossing 
devices, and more particularly to the drive mechanisms for 
interproximal flossing devices and the tip attachment Struc 
ture associated there with. 

BACKGROUND OF THE INVENTION 

0.003 Available interproximal flossers employ a variety 
of tip movements to effect cleaning interproximal spaces 
formed between teeth. The tip movements typically include 
orbital, rotational, or linear movement. Rotational move 
ment is typically created by a direct linkage between the tip 
and the drive shaft of a motor mounted in the handle. As the 
drive shaft rotates, the linkage and tip also rotate accord 
ingly. Typically the rotation occurs in one direction, but can 
also be rotary oscillation. Rotation also occurs where the tip 
does not rotate about its longitudinal axis, but instead rotates 
about an axis offset from but generally parallel to the 
longitudinal axis of the tip. This Orbital tip movement is 
often created by using an off-center weight attached to the 
drive shaft of an electric motor mounted in the handle, which 
causes the entire device to move in an orbital manner in 
response to the off-center rotation of the weight. Orbital 
movement can be considered a Subset of rotational move 
ment because the tip rotates by moving along the orbital 
path. 
0004 Linear movement typically requires a linkage that 
converts the rotational movement of the motor drive shaft 
into linear oscillating movement at the tip. Oftentimes this 
Structure for converting rotational to linear movement 
requires an offset cam Surface mounted on the Shaft of the 
motor with an end of the linkage attached thereto to follow 
the eccentric as it rotates. The end of the shaft is generally 
loosely engaged with the offset cam Surface So that the shaft 
only moves in a direction to create linear motion at the tip 
end. In the linkage used to convert rotational movement to 
linear movement, there can be inefficiencies due to linkage 
connections (Such as being loosely engaged), and difficulty 
in quietly connecting the linkage to the motor to avoid the 
creation of annoying Sounds, due to loose connections, when 
the motor operates. 
0005. In addition, the tip connection structure typically 
used in interproximal flossing devices utilizes Simple fric 
tion to attach the tip to the active end of the drive train. This 
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type of connection is not Secure, and can wear out and be 
less effective as the device is used. 

0006. It is with the above limitations of the presently 
available interproximal flossers that the invention described 
and claimed herein was developed. 

SUMMARY OF THE INVENTION 

0007. The instant invention relates to a interproximal 
flossing device, and more particularly to the drive mecha 
nism used in the device to create linear movement of the 
flossing tip. The interproximal flossing device of the present 
invention includes a link member that isolates lateral from 
Vertical rotational movement to transfer only translatory 
arcuate movement. This is done by the combination of a 
hinge and pivot Structure. A tip attachment Structure is also 
included for Secure placement of the tip on the link member, 
and allows easy removal and replacement. A tip member 
removal Structure is also included to allow for easy removal 
of the tip member from the link member. 
0008. In one aspect of the invention, it includes a drive 
mechanism for an interproximal flosser having an electric 
motor with a rotating drive shaft, the drive mechanism 
comprising a link member having a first portion and a 
Second portion, the first portion having a first end for 
attachment to the drive shaft in an off-center manner, and a 
Second portion having a Second end for receiving a tip 
member; a laterally-extending pivot axis formed on the link 
member; and a resiliently flexible hinge portion having a 
vertical bending axis formed on the link member. When the 
drive shaft rotates, the first end of the link member is rotated 
off-center from the drive shaft, creating vertical, lateral, and 
a combination of Vertical and lateral movement, and the 
hinge isolating the non-vertical movement from the tip 
member while transmitting to the tip member vertical move 
ment through the pivot, So that the tip member moves 
through a vertical arc. 
0009. In further detail, the hinge resiliently bends about 
a vertical axis to isolate the lateral movement from the tip 
member. 

0010. In additional detail, the hinge resiliently twists 
about its axial axis to isolate the non-vertical movement 
from the tip member motion. 
0011. In additional detail, the hinge resiliently bends 
about a vertical axis to isolate the lateral movement from the 
tip member, and the hinge resiliently axially twists about its 
axial axis to isolate the non-vertical movement from the tip 
member motion. 

0012. In further detail, the drive mechanism defined 
above further includes a drive member for attachment to the 
drive Shaft, the drive member defining a receSS positioned 
offset to the drive shaft; the first end of the link member is 
a ball; and the receSS forms a Socket for Snugly rotatingly 
and pivotingly receiving the ball. 

0013 In another aspect of the invention, the drive mecha 
nism includes a link member having a first portion and a 
Second portion, the first portion having a first end, and a 
Second portion having a Second end for receiving a tip 
member; a means for attaching the first end of the link 
member to the drive shaft in an off-center manner; a later 
ally-extending pivot axis formed between the first and 
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Second portions, and a resiliently flexible hinge portion 
having a vertical bending axis formed on the link member. 
When the drive shaft rotates, the first end of the link member 
is rotated off-center from the drive Shaft, creating vertical, 
lateral, and a combination of Vertical and lateral movement, 
and the hinge isolating the non-vertical movement from the 
tip member while transmitting to the tip member vertical 
movement through the pivot, So that the tip member moves 
through a vertical arc. 

0.014. There are several different means for attaching, 
including a cam and cam-follower Structure, a ball and 
Socket Structure, a pair of gears, a pair of opposing flexible 
hinges, each having a laterally extending flexing axis formed 
on a Sub-frame, a slider and Slide channel having a Substan 
tially vertical motion, and a track cam Surface for engage 
ment with the first end of the link member. 

0.015. In another aspect of the invention, an attachment 
Structure for attaching a tip member to a link member of an 
automatic flosser includes a latch tab formed on the link 
member; and a latch recess formed on the tip member. When 
the tip member is positioned on the link member, the latch 
tab engages the latch receSS. 

0016. In further detail, the tip member has a cup-shaped 
portion with an open end and an interior wall; the latch 
receSS includes a pair of recesses positioned on the inner 
wall; and the latch tabs includes a pair of tabs formed on the 
link member to engage the corresponding latch recesses 
when the tip member is positioned on the link member. 

0.017. In further detail, a space is formed between the link 
member and the inner wall of the cup-shaped portion to 
allow the cup shaped portion to be resiliently converted from 
a Substantially circular form to a Substantially oval shape to 
disengage the latch tabs from the latch recesses and remove 
the tip member from the link member. 

0.018. In additional detail to the attachment structure as 
described above, the attachment Structure includes a primary 
and Secondary keying Structure. The primary keying Struc 
ture requires the tip member to attach to the link member in 
any of two orientations, with the two orientations including 
the width of the blade extending vertically. The secondary 
keying Structure requires the tip member to attach to the link 
member in one orientation, the one orientation including the 
blade if curving upwardly or downwardly. 

0019. In another aspect of the invention, a structure for 
removing a tip member from a link member of an inter 
proximal flosser includes a slot for receiving the tip member, 
the slot having Side walls that converge along the length of 
the slot to engage and deform the tip member as the tip 
member is moved along the slot. 

0020. The foregoing and other features, utilities and 
advantages of the invention will be apparent from the 
following more particular description of a preferred embodi 
ment of the invention as illustrated in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a top view of a flossing device incorpo 
rating the drive mechanism of the present invention, Show 
ing the primary internal working parts in dash. 
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0022 FIG. 2 is an enlarged section view taken along line 
2-2 of FIG. 1, and shows the internal working parts, 
including the battery, D.C. motor, link member and tip 
member. 

0023 FIG. 3 shows an enlarged view of FIG. 2 with 
more detail. 

0024 FIG. 3A-I are section views taken along respective 
lines of FIG. 3. 

0025 FIG. 4, 4A, 4B', and 4C" show the offset recess at 
various positions. 

0026 FIG. 4, 4A, 4B, and 4C show top schematic views 
of the drive mechanism of the flosser of FIG. 1, with the 
eccentric drive member in different positions. 

0027 FIG. 5, 5A, 5B, and 5C show section views taken 
along respective lines in FIGS. 4, 4A, 4B, and 4C showing 
the drive mechanism in different positions. 

0028 FIG. 6 shows another embodiment of the drive 
mechanism. 

0029 FIGS. 6A, B, C1, C2, C3, and D are section views 
taken along respective lines of FIG. 6. 

0030 FIG. 7 shows another embodiment of the drive 
mechanism. 

0031 FIG. 8 shows another embodiment of the drive 
mechanism. 

0032 FIG. 9 shows another embodiment of the drive 
mechanism. 

0033 FIGS. 10A and B show another embodiment of the 
drive mechanism. 

0034 FIG. 11 shows another embodiment of the drive 
mechanism. 

0035 FIG. 12 shows another embodiment of the drive 
mechanism. 

0036 FIG. 13 shows another embodiment of the drive 
mechanism. 

0037 FIG. 14 shows an embodiment similar to that in 
FIG. 6, but with a more significant angle between the first 
and Second portions of the link member. 
0038 FIG. 15 shows the tip member, including the tip 
cap, the flossing element, and the receSS groove. 

0039 FIG. 16A and 16B show the first end of the link 
member for receiving the tip member, and shows the key 
Structure. 

0040 FIGS. 17A-D show the tip member without the 
Secondary key Structure, and the connection Structure for 
attachment to the link member. 

0041 FIGS. 17E-H show another embodiment of the tip 
member and the connection Structure for attachment to the 
link member. 

0042 FIGS. 18A-E show the link member, including the 
latch tabs. 

0.043 FIGS. 19, 19A, 19A1 and 19B show a tip removal 
and Storage Structure having a tip removal slot. 
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0044 FIG. 20 shows the tip member attaching to the end 
of the link member. 

004.5 FIGS. 21A, 211B and 21C show another embodi 
ment of the tip removal slot. 
0.046 FIG. 22 shows a detail of the second embodiment 
of the tip removal slot. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0047 Referring first to FIGS. 1 and 2, an interproximal 
flosser 30 having the linear drive mechanism 32 of the 
present invention is shown. The interproximal flosser 
includes a housing 34 divided into two sections, a handle 36 
in which the battery 38 and motor 40 reside, and a tip portion 
42. The tip portion 42 of the housing 34 encloses the linear 
drive mechanism 32 as well as the on/off button 44. The tip 
portion 42 generally extends at an angle downwardly from 
the handle 36 to provide a desired handle/tip portion orien 
tation for use. The motor 40 is a DC motor, known or 
available in the art, which includes a drive shaft 46 which is 
driven in rotation by the motor. The motor 40 is powered by 
a battery, Such as a AA or AAA battery, which can be 
rechargeable as is known or available in the art. The motor 
shaft is attached to one end of the linear drive linkage 32 
which extends inside the tip portion 42 to the terminal end 
of the tip portion of the housing, and extends therethrough 
to the outside of the tip portion 42. The exposed end of the 
drive linkage 32 receives a flossing member 48 through the 
use of a tip connection structure 50 described in detail 
below. 

0.048. The linear drive linkage 32 converts orbital or 
rotational movement of the motor drive shaft 40 to linear 
movement at the flossing member 48. This is done by 
combining a horizontally-oriented pivot axis 52 with a 
vertically-oriented hinge (axis of bending is vertical), on the 
drive linkage 32, to effectively convert an orbital or rota 
tional movement of the first end of the linkage into a linear 
movement at the second end 58 of the linkage. This linear 
movement is believed to be a more desirable flossing action 
than rotation (whether about the flossing member's axis or 
an axis offset therefrom). 
0049. In greater detail, the linear drive linkage 32 
includes a Single elongated link member 60 having a first 
end operably connected to the drive shaft 46 of the motor 40, 
and a second end 58 extending from the tip portion 42 of the 
handle 36 for receiving the tip or flossing member 48. The 
motor 40 is oriented in the handle 36 to generally rotate the 
drive shaft 46 about the longitudinal axis of the housing. The 
linear drive linkage 32 extends at an angle downwardly to 
follow the shape of the housing. See FIG. 2. 
0050. As shown in FIGS. 2 and 3, the first end of the link 
member 60 is attached to a drive member 62 (or offset 
connector), which is affixed to the shaft 46 of the motor 40 
and rotates with the shaft of the motor. The outer end of the 
drive member 62 defines an off-center recess 64, for instance 
a circular hole, for receiving the first end of the link member 
60. This offset recess 64 causes the first end to rotate around 
the Shaft's 46 centerline (also characterized as moving in an 
orbital motion about the shaft’s centerline) as the drive 
member 62 is rotated by the shaft 46. This rotating motion 
of the recess and first end of the link member 60 is generally 
concentric about the drive shaft 46. 
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0051) The first end of the link member 60 can be of any 
reasonable shape for being received in the Similarly-shaped 
off-center recess in the drive member 62. Preferably, the 
drive member 62 has a circular or Spherical off-center receSS 
64 formed therein for receipt of the preferably substantially 
spherically-shaped first end of the link member 60. A ball 
and Socket type of Structure is contemplated. It is important 
that the first end of the link member 60 be tightly held in the 
receSS 64 to minimize noise caused by the relative move 
ment of the drive member and the first end of the link 
member 60 when the drive member 62 is rotated. Further, 
the friction between the first end of the link member 60 and 
the walls of the receSS needs to be minimized to reduce wear 
and tear, and to reduce the energy consumption of the motor. 

0.052 The link member 60 is divided into two portions, 
the first portion 63 associated with the first end and the 
second portion 65 associated with the second end 58. The 
two halves are generally delineated by a pivot 66. See FIGS. 
2 and 3. The pivot 66 on the link member extends horizon 
tally (laterally at right angles with the centerline of the 
flossing device) with respect to link member 60, and is 
restricted to allow pivotal movement in a vertical plane 
about a horizontal axis only. The pivot 66 is formed by two 
cylindrical protrusions, one extending from each Side of the 
link member 60, each being rotatably received in a yoke 68 
formed in the housing. The yoke 68 allows the protrusion to 
rotate therein about the horizontal pivot axis 52. These 
cylindrical protrusions are restrained in the yokes 68 to 
allow only rotation about the pivot axis 52. The yokes can 
be formed by cylindrical recesses formed in the housing or 
other like Structure. 

0053 A flexible hinge 70 is formed in the link member 60 
adjacent to the pivot 66 and in the first portion 63. The 
flexible hinge 70 has the full dimension of the height of the 
link member 60 in a vertical direction and is very thin 
relative to the height of the link member in the side-to-side 
direction (FIG. 2). The flexible hinge 70 is ideally a “living 
hinge' (made out of the same material as the rest of the link 
member 60, or can be a separate resilient member attached 
into the link member) 60. The flexible hinge 70 acts to allow 
the first section 63 of the link member 60 to bend laterally 
and twist axially when the first end of the link member 60 
moves with the rotation of the off-center recess 64 in the 
drive member 62. The hinge 70 twists to absorb the lateral 
movement of the first end that is not purely horizontal. This 
lateral movement and twisting motion is thus isolated by the 
hinge so the second section 65 of the link member 60 moves 
only in a linear manner up and down about the pivot axis 52 
of the pivot 66. It is believed that the hinge can be approxi 
mately 0.037 inches in thickness, 0.150 inches long, and 
0.13 inches tall. The surrounding portion of the link member 
60, before and after the hinge, is 0.1 inches thick, and 0.13 
inches tall. 

0054) The hinge 70, which is flexible, preferably resil 
iently to automatically be biased back to its original position, 
in the Side-to-side direction (in its thin dimension), and can 
twist, in combination with the fixed pivot, isolates the 
Vertical motion from the generally rotary motion of the first 
section 63 of the link member 60. This vertical oscillating 
motion is transmitted to the second section 65 of the link 
member 60 to move the flossing tip 48 in a vertical, planar, 
reciprocating accurate motion. 
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0055 When the first end of the link member 60 moves up 
and down as the off-center recess 64 in the drive member 62 
moves from top to bottom during rotation, the hinge 70 
bends laterally and twists axially, yet the larger (vertical) 
dimension of the hinge 70 is substantially rigid and thus 
transferS vertical motion through the pivot point to cause the 
pivot 66 to rotate or pivot along its horizontal axis This in 
turn causes the second end 58 of the link member 60 to move 
through a vertical arc with respect to FIG. 2 in a recipro 
cating, linear (or translatory) motion. The desired motion at 
the end of the tip member 48 is vertical, up-and-down 
movement in a single plane through an arc. This translatory 
motion is the desired motion for the tip 48 when cleaning the 
interproximal spaces between teeth. 

0056. The second end 58 of the link member 60 is free to 
move in the translatory motion inside the housing 34 and 
outside the housing such that when a tip member 48 is 
attached to the second end 58 of the link member 60 the tip 
member also moves in a translatory motion. The flexible 
hinge section 70 of the link member 60 acts as a living hinge 
to effectively absorb and isolate the side-to-side or lateral 
movement and twisting motion of the first end of the link 
member 60 and allows only the vertical up-and-down move 
ment of the first end of the link member 60 to be transferred 
through the pivot 66 to the second end 58 of the link member 
60 to cause the tip member 48 attached thereto to move up 
and down in a translatory linear oscillating motion defining 
an arc. This isolates the vertical movement components from 
the lateral movement components. The pivot restraint 
(yokes) 68 also isolates the lateral movement components 
from the vertical movement components. 

0057 Typical cam and follower structures, because of the 
clearance required, generate significant noise when the 
motor operates at approximately 9,000 rpm (the desired 
Speed). To reduce this noise, the instant invention employs 
a ball-shaped first end of the link member 60 to be received 
in the off-center recess 64 (socket) of the drive member 62. 
The ball or spherical shape of the first end of the link 
member 60 can be more tightly toleranced with the off 
center recess 64 in the drive member 62 to minimize the 
clearances and thereby reduce the noise level during opera 
tion. A ball and Socket structure is shown in FIGS. 2 and 3. 

0.058 FIGS. 4, 4A, 4B, 4C, 5,5A, 5B, 5C schematically 
show the drive mechanism 32 of the present invention in 
four different positions to show how the flossing member 48 
and second end 58 of the link member 60 move relative to 
the first end of the drive link member 60. FIGS. 4, 4A, 4B, 
and 4C show top views of the drive mechanism in four 
consecutive positions. FIGS. 5, 5A, 5B, and 5C are vertical 
section views to show the link member 60 and flossing 
member 48 position corresponding to FIGS. 4, 4A, 4B, and 
4C, respectively. 

0059 FIGS. 4 and 5 show the link member 60 with the 
drive member 62 in the top position (the offset recess 
pointing directly upwardly at 12 o'clock, as shown in FIG. 
4"). This is the highest vertical offset position and the 
smallest lateral offset position the first end of the link 
member 60 is subject to above the centerline, and thus is the 
lowest position of the second end 58 of the link member 60 
and the flossing member 48. In this position the hinge 70 is 
transferring all of the vertical motion of the first end of the 
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link member 60 to the Second end 58 of the link member 60 
through the pivot 66. This position is represented by dashed 
line ww. 

0060 FIGS. 4A and 5A show the link member 60 with 
the drive member 62 in the left-most position (the offset 
receSS pointing generally at 9 o'clock, as shown in FIG. 
4A"). This is the smallest vertical offset position and the 
highest lateral offset position the first end of the link member 
60 is subject to relative to the centerline, and thus is the 
intermediate position of the Second end 58 of the link 
member 60 and the flossing member 48. In this position the 
hinge 70 is bending to absorb substantially all of the lateral 
motion of the first end of the link member 60, thus isolating 
the second end 58 of the link member 60 therefrom. The 
pivot 66 is not activated, and the link member 60 is thus in 
an intermediate or neutral position. This position is repre 
Sented by dashed line XX. 
0061 FIGS. 4B and 5B show the link member 60 with 
the drive member 62 in the top position (the offset recess 
pointing directly downwardly at 6 o'clock, as shown in FIG. 
4B). This is the relatively lowest vertical offset position and 
smallest lateral offset position the first end of the link 
member 60 is subject to below the centerline, and thus is the 
highest position of the second end 58 of the link member 60 
and the flossing member 48. In this position the hinge 70 is 
transferring all of the vertical motion of the first end of the 
link member 60 to the Second end 58 of the link member 60 
through the pivot 66. This position is represented by dashed 
line yy. 
0062 FIGS. 4C and 5C show the link member 60 with 
the drive member 62 in the right-most position (the offset 
receSS pointing generally at 3 o'clock, as shown in FIG. 
4C). This is the smallest vertical offset position and the 
highest lateral offset position the first end of the link member 
60 is subject to relative to the centerline (equal to the 9 
o'clock position), and thus is the intermediate position of the 
second end 58 of the link member 60 and the flossing 
member 48. In this position the hinge 70 is bending to absorb 
substantially all of the lateral motion of the first end of the 
link member 60, thus isolating the second end 58 of the link 
member 60 therefrom. The pivot 66 is not activated, and the 
link member 60 is thus in an intermediate or neutral position. 
This position is represented by dashed line ZZ. 

0063. The stroke of the flossing member 48 is thus 
represented by the plane formed between dashed line ww 
and yy. Ideally, the motion of the tip of the flossing member 
48 is approximately between 0.050 inches to 0.070 inches, 
at an angle of between 5 and 30 degrees (no angle required 
if entire flossing tip translates, as described below), and at a 
speed of 9,000 cycles per second. The flossing member 48 
is moved through this stroke efficiently and with reduced 
OSC. 

0064. The structure described above with respect to 
FIGS. 1,2,3,4-4C, and 5-5C is a preferred embodiment for 
the present invention. It combines the desired noise level 
with the positioning of the pivot 66 and supporting yoke 68 
to help the device have the desired size for ease of manipu 
lation during use. If the pivot 66 is too close to the flossing 
member 48, the device would be more difficult to insert into 
a user's mouth. If the pivot 66 is too far away from the 
flossing member 48, the device would be longer than is 
necessary, and the link member 60 would need to be made 
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larger to handle the moment loads. Nonetheless, a variety of 
different embodiments are possible for converting rotational 
movement to the preferred translatory movement. The Simi 
larity between all embodiments is that the link member 60 
includes a hinge portion 70 and a fixed pivot 66 to isolate the 
vertical motion of the link member. Most of the differences 
described below address the engagement of the drive shaft 
46 of the motor 40 to the first end 56 of the link member 60. 
Some of these other means for quietly and efficiently con 
Verting rotation into linear motion are described below. 

0065 FIG. 6 shows an embodiment where a flexible 
cable 80 is used to remotely position the connection of the 
link member 82 from the motor 40. This could be helpful if 
this connection was required to be offset from the motor for 
Some reason. The cable 80 is attached at one end to the drive 
shaft 46, and at the other to an eccentric cam 84. A rotation 
bearing 86 supports the distal end of the cable and allows it 
to rotate with the drive shaft 46. The eccentric cam 84 can 
be used to drive a small link member 82 which includes a 
cam follower 88. The tip member (not shown) attaches to the 
end 90 of the Small link member 82. The Small link member 
has a pivot 92 to allow the link member to pivot about a fixed 
horizontal axis. The cam follower 88 is designed to follow 
the rotation of the eccentric in the vertical, up-and-down 
direction. The small link member 82 forms a living hinge 94, 
similar to the previous embodiment, to absorb (bend and 
twist) to isolate the lateral motion from the motion of the 
cam follower 88. This allows just the vertical motion to pass 
through the pivot 92 and cause the flossing member to pivot 
up and down through the desired planar arc, as shown. 

0.066 FIG. 6A shows a section of the small link member 
through the pivot protrusions and support yokes 96. FIG. 6B 
shows a Section through the hinge Section of the Small link 
member. FIG. 6C1-6C3 show various positions of the cam 
follower 88 relative to the rotating drive shaft extension 80. 
FIG. 6C1 shows the cam follower 88 in its highest position. 
FIG. 6C2 shows the cam follower 88 at its largest lateral 
deviation, and FIG. 6G3 shows the cam follower 88 in its 
lowest position. FIG. 6D shows a section of the remote end 
of the drive shaft in the rotation bearing 86. 

0067 FIG. 7 shows a structure utilizing bevel gears 110. 
The Small link member 112 and cam follower 114, as well 
as motor 40 are identical to that described above with respect 
to FIG. 6. The structure of FIG. 7 would allow for angular 
relation of the input to output, but would minimize the 
parasitic drag on the System existing in the Structure of FIG. 
6. This would have fewer complications than use of a 
universal joint, which could be used to replace the bevel 
gears 110 and would also work in this instance. The gear 
shafts and attachment ends could potentially be molded into 
one piece for each shaft. The eccentric 116 could be molded 
as a part of one of the Shafts also. This design would require 
one or two rotational bearing features 118 for each shaft 
which could cause Some parasitic drag. However, if the shaft 
with one of the gears of the eccentric was used to replace the 
existing eccentric 116 and the other shaft with its gears, and 
a mounting feature to the motor was used to replace the 
existing long rocker arm, there would be an equivalent 
number of parts. There may be gear noise as well as heat 
buildup at the gear faces, however, a potential advantage is 
that since this is a geared System the output speed (tip 
movement frequency) can be varied from the motor rota 
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tional Speed. This may be beneficial in terms of cleaning 
effectiveness, motor Selection, flexibility, and power require 
mentS. 

0068. The cam-followers 88 and 116 of the structures of 
FIGS. 6 and 7 can be designed to only follow the eccentrics 
in the Vertical up and down motion, not in the lateral 
direction. This would mean the link member would not have 
to include a flexible hinge portion to isolate the vertical 
motion. 

0069 FIG. 8 shows a DC motor 40 with the drive shaft 
46 mounted directly to the eccentric 120. The small link 
member 122 and cam follower 124, as well as motor 40, are 
identical to that described above with respect to FIGS. 6 
and 7. The small pivot arm 122 pivots about the pivot point 
126, similar to structures of FIGS. 6 and 7. Again, because 
of the flexible hinge in the link member, the flossing member 
(not shown) follows only the vertical movement of the 
eccentric 120. In this embodiment, the motor is positioned 
very close to the flossing member. 

0070 FIG. 9 shows a structure similar to that of FIG. 8, 
except the tip 150 is attached directly to the off-center 
eccentric 152 mounted on the motor drive shaft 46, as 
opposed to a cam follower. The tip 150 combines both the 
tip member and the Small pivot arm, and includes the pivot 
point 154 and the flexible hinge 156. The examples shown 
in FIGS. 8 and 9 rely on a DC motor being sufficiently small 
enough to fit in the tip portion of the housing. This option, 
depending on available Space and motor capability, has a 
potential for the fewest number of drive mechanism com 
ponents. With the redesigned combination tip 150, even the 
existing prototype mechanism could eliminate the Small 
pivot arm. The biggest difference between the function of 
the redesigned tip designs is that the use of this tip with the 
existing long rocker arm design yields “single plane' oscil 
lation, where use of the above-listed Simplified design yields 
orbital motion unless Special Steps are taken, like construct 
ing the tip beam that engages the eccentric So it flexes easily 
in the horizontal (lateral) direction but is very stiff in the 
vertical direction. Or, as described above with the various 
embodiments, the engagement between the tip 150 and the 
eccentric 152 could work to follow the cam (eccentric) in 
only the Vertical movement and not the Side-to-side or lateral 
movement. 

0071 Another option to obtain more pure “single plane” 
oscillation would be to create a “living flex” cantilever beam 
structure 160 utilizing a subframe 162 in the housing. This 
could take the eccentric rotational motion from the motor 
and turn it into “single plane' translatory oscillation. See 
FIGS. 10A and B. F.G. 10A shows a frame structure 162 
having a living hinge 164 at the top and bottom areas to 
isolate the orbital movement of the eccentric 166 to cause 
Simply linear motion in the vertical direction at the tip of the 
flossing member 168. The subframe is attached to an off-set 
drive shaft 168 for simplicity in explanation. The frame 
structure 164 is rigid in the lateral and other non-vertical 
directions, thus isolating those motions from the flossing 
member 168. The combination tip 168 would be similar to 
that shown in FIG. 9. FIG. 10B shows the frame 164 flexed 
upwardly, thus pushing the flossing member downwardly. 
The frame 164 would flex downwardly the same amount to 
generate the stroke as shown. In FIG. 10A, the frame is in 
the un-flexed position. This structure is basically a pair of 
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opposing flexible hinges, each having a laterally extending 
flexing axis formed on a Sub-frame. Another option related 
to this “living flex” concept would be to do away with the 
tip pivot and Simply have a tip attached to the projection of 
the living flex element. This would enhance the “sealability” 
of the unit Since the projection of the living fleX element 
could be Sealed to the main Structure. However, depending 
on the Space available, it may be necessary to position the 
motor and flex mechanism a significant (over 1.5 inches) 
distance away from the actual tip. 

0.072 Another variation on this structure would be to 
replace the living flex portion of the mechanism with a slide 
channel 200 in the subframe of the housing, as shown in 
FIG. 11. This structure may require less force to move the 
tip holder Since it is not flexing a member to create move 
ment, but rather sliding a preferably low-friction free-flow 
ing element. However, depending on the distance to the tip, 
a binding condition could exist in the Slide channel contact 
area, which could degrade performance. In FIG. 11, the 
off-center cam 202 is attached to a slider 204, which is 
positioned in the slide channel 200, with the entire slider 204 
moving up and down. Since the flossing element 206 is 
attached directly to the slider 204, the entire flossing tip 
moves up and down in pure translation, without any pivoting 
motion. See the outer dashed lines in FIG. 11 to show the 
approximate upper and lower positions. The angle of the 
flossing member 206 relative to the motor is easily adjust 
able by Simply adjusting the angle at which the flossing 
member attaches to the slide member 204. This structure is 
basically a slider 204 and slide channel 200, the slide 
channel allowing only a Substantially vertical movement of 
Said slider. 

0073. Another embodiment using pure rotary input 
motion with the motor 40 somewhat remote from the tip 210 
would include a track cam 212 attached to the motor shaft 
214 with the second end of the link member 216 engaging 
the track cam 212. See FIG. 12. The tip member 210 is 
pivotally mounted to the housing Such that when the tip 
member 210 moves in the cam track 212 the external portion 
of the tip member 210 moves in a vertical arc, up and down. 
The first half of the link member 216 can be flexible to 
isolate the Side-to-side movement as the first end is actuated 
by the track, and thus only pass the vertical movement 
through the pivot point. This structure reduces the drive 
System down to the motor and one fairly Straightforward 
member (the rotating track cam element 212). The replace 
able tip 210 is driven directly from the track cam 212. Since 
the motor bearings and bushings Support the end of the track 
cam Shaft, if the shaft needs to be long because of Space 
constraints, then only one additional bearing Surface should 
be required to constrain the Shaft. However, if the Space 
constraints allow the motor to be positioned close to the tip 
actuation point, then the motor bearings and bushings would 
be all that is required to Support the Shaft, because the shaft 
becomes very short. Also, this pure rotation should be much 
more in balance than the eccentric cam Scheme of the prior 
art. With only the lightweight plastic flossing tip oscillating, 
the handle vibration should be reduced to a minimum. A seal 
could be positioned on this track cam Shaft 212 as is known 
in the art, and the angled end portion of the device could be 
the color-coded, interchangeable noSepiece for different 
family members to use as contemplated. 
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0074 FIG. 13 shows an alternative structure for attack 
ing the link member 60 to the drive shaft 46. The drive shaft 
has an offset portion which is notably engaged in the first 
end 56 of the link member 60. The offset portion acts like the 
combination of the drive member 62 and recess 64 of the 
structure in the embodiment of FIGS. 1, 2 and 3. 
0075 FIG. 14 shows an alternative embodiment of the 
drive mechanism, similar to that of FIG. 7, with a more 
Significant angle between the first and Second portions of the 
link member 112'. Also, the cam follower 114 follows a 
camming device 116', which is attached to a drive member 
115, which is in turn attached to the drive shaft 46. This 
Structure allows a direct attachment of the link member to 
the motor. The offset angle formed between the portions of 
the link member, delineated by the pivot, allow for different 
relative positions of the flossing member with respect to the 
motor. 

0076. The linear drive linkage of the present invention 
efficiently converts pure rotary motion to oscillating trans 
latory motion (pivotal up and down movement through a 
vertical plane) for effective flossing action in the interproxi 
mal gaps between one's teeth. The Structures described 
herein minimize or eliminate any Side to Side movement of 
the tip member by isolating the up and down movement 
from the lateral movements through the drive structure 
between the rocker arm and the motor drive shaft. Prefer 
ably, a combination horizontal pivot and vertically oriented 
flexible Section of the rocker arm are used in combination to 
isolate the up and down vertical motion and eliminate the 
Side to Side or lateral motion. 

0077. The second end of the link member is designed to 
receive the tip member. Preferably, the tip member is both 
Securely attached to the Second end of the link member, yet 
can be easily released therefrom for replacement. FIG. 15 
shows the structure of the tip member. The tip member 250 
generally includes a tip cap 252 from which extends the 
flossing element 254. The flossing element 254 and tip cap 
252 are made of plastic. The flossing element 254 extends 
from the center of the end of the tip cap 252 and can be 
Straight, curved or a combination of both. The flossing 
element 254 is sized to be received in the interproximal 
Spaces. The tip cap 252 has a cup-like shape forming a cavity 
with a closed end 256 from which the flossing element 
extends and an open end 258 which receives the second end 
of the link member. Adjacent the open end 258, an annular 
groove 260 is formed on the interior wall 262 of the tip cap 
252. 

0078. Adjacent the closed end 256 of the tip cap a keying 
feature 264 is formed on the lower side walls thereof. See 
FIG. 15. The keying feature 264 can be an angled plane or 
the like as described in greater detail below. The tip cap 252 
is typically generally cylindrical, but can be deformed to an 
oval shape as described below. Also, the annular groove 260 
does not have to extend around the circumference of the 
interior of the tip cap at a location adjacent the open end, but 
instead can be diametrically opposed recesses, for instance 
at the top and bottom as shown in FIG. 15. The purpose of 
the latching receSS will be described in greater detail below. 
007.9 FIGS. 17A, B, C and D also show the tip member. 
Here there is no Secondary keying feature, just a rectangular 
aperture 266 allowing the tip to be mounted one of two ways 
on the end of the link member. This is appropriate where the 
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flossing member is Straight and thus there is no up or down 
orientation. The tip material is preferably Dupont Zytel 
101L, or the like, such as NC010 (nylon 66). 
0080 FIGS. 16A and 16B show a preferred structure of 
the second end 270 of the link member 272. Link member 
272 is similar to link member 60 described above, and can 
be used in any embodiment described herein. The second 
end of the link member is sized to fit within the tip cap of 
FIG. 15, and includes diametrically opposed latch tabs 274 
that Snap into the latching receSS when the Second end of the 
link member is inserted into the tip cap 252. A keying 
Structure 276 is incorporated into the Second end to mate 
with the keying structure 264 of the tip. The key structure 
can have a primary key and a Secondary key. The primary 
key is needed regardless of whether the tip is curved or 
Straight, and insures that the tip is mounted So that it vibrates 
along the Skinny axis of the blade So it fits appropriately 
between the user's teeth. The primary key simply helps 
insure that the end of the link member is rectangular and 
only accepts the tip in two corresponding orientations. 
0081. The secondary key is necessary where the tip is 
curved and thus has a proper up and down orientation. A 
preferred keying feature 276 is defined near the second end 
270 of the link member 272 to mate with the secondary 
keying feature 264 inside the tip cap 252. This secondary 
keying feature allows the tip cap 252 to be positioned in only 
one orientation on the Second end of the link member in the 
event the flossing element is curved and requires a particular 
orientation for proper use. The Secondary keying feature is 
not required unless the particular orientation of the tip cap 
252, when mounted on the second end of the link member, 
is desired. Other types of Secondary keying features can be 
used, including other geometrical shapes, notches and 
grooves, or the like, to allow an engagement of the keying 
features for insertion of the second end of the link member 
into the tip cap. The preferred Secondary keying feature 
described herein is preferred because of its ease of manu 
facture and Simplicity. 

0082) A sealing surface 280 is defined on the second end 
270 of the link member 272 spaced away from the latch tabs 
274 and on the side of the latch tabs away from the free end 
of the link member. The rim of the tip cap 252 engages the 
sealing surface 280 (which can be an annular boss formed 
around the link member). 
0083 FIGS. 18A-E shows an alternative embodiment of 
the Second end of the link member not requiring a keying 
feature. The link member is similar to that shown in FIGS. 
1, 2 and 3. 

0084 FIGS. 17E, F, G and H show an embodiment of the 
tip cap 252 and flossing element 254. The external surface 
of the tip cap 252 adjacent the rim defines opposed notches. 
The primary and Secondary keying structures are combined 
in this structure by having a pie-shaped opening in the tip 
cap to receive a correspondingly-shaped Second end of the 
link member. 

0085. In operation the enclosed latching recess 260 in the 
tip cap 252 engages the latching tabs 272 on the mechanism 
(the second end of the link member) to hold the tip in place. 
The keying feature prevents the tip from being installed in 
the improper orientation if that feature is desired. The tip is 
disengaged from the Second end of the link member by 
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compressing the Sides of the tip cap 252 to deform it into 
essentially an elliptical shape. This would create a major 
axis of an ellipse which would be larger than the distance 
across the latching tabs 272 on the second end of the link 
member. The tip could then be easily removed because the 
latch tabs disengage from the latch grooves when the 
Sidewalls are Squeezed. 
0086 A tip-holding cartridge could provide the compres 
Sion means for insertion or removal without the user having 
to directly contact the tip. There is a gap formed on either 
side of the second end of the link member when inserted in 
the tip cap to allow the tip cap to be Squeezed to form an 
elliptical shape. The tip cap can deformed to an OValized or 
non-circular shape to release the latch tabs 272 from the 
latch recesses 260. 

0087. This detent-style tip connection allows for secure 
placement of the tip member on the Second end of the link 
member yet also allows for convenient removal of the tip 
member from the second end of the link member. When the 
tip member is positioned on the Second end of the link 
member, an audible “click” is heard when the tip member is 
correctly Seated thereon. This is a positive feature for 
assuring the user that the tip member is firmly attached to the 
device. 

0088. The latch tabs 274 can have at least a sloped front 
surface 290 (see FIG. 18E) to allow for a sliding engage 
ment of the tip cap 252 over the second end of the link 
member So that the tip cap 252 is gradually increased in size 
to allow the latch tabs 274 to seat in the latching recess 260. 
The tip cap 252 is sufficiently resilient to rebound to its 
circular shape to cause the latch tabs 274 to be received in 
the latch recesses 260 and thus hold the tip on the second end 
of the link member. 

0089. The tip can be removed from the second end of the 
link member by Squeezing the Sides of the tip that are offset 
approximately 90 degrees from the engagement of the latch 
members 274 with the latch recesses 260 in the tip cap 252. 
Compressing the tip cap 252 at this location causes the tip 
cap to form an elliptical or oval shape, disengaging the latch 
tabs from the latch recesses 260 and allows the tip cap 252 
to be removed from the device. This can be done by hand, 
with a tool, Such as pliers, or by the tip removal device 
shown in FIGS. 19, 21, and 22. 
0090 FIG. 19 shows a flosser tip cartridge 300 including 
several replacement flosser tip members 302 positioned 
circumferentially around the outer rim of the top cap, and a 
specially formed slot 304 formed across the center of the top 
cap. Once the flosser tip 250 is attached to the second end 
of the link member, as is shown in FIG. 20, the flosser tip 
is releasably attached thereto. To remove the flosser tip from 
the second end of the link member, the flosser tip 250 is 
inserted into the slot 304 at the first end 306, as shown in 
arrows of FIG. 19B, and then moved along the slot 304 to 
compress the opposing Sides of the tip cap 252 and release 
the latch tabs 274 to allow the tip 250 to fall into the 
reservoir 300 for easy collection and disposal. 
0091. The first end 306 of the slot 304 has a substantially 
circular shape to allow the insertion of the tip 250 there 
through. The upper edges 308 of the slot 304 slope out 
wardly at the first end 306 and gradually transition to a 
vertical orientation about halfway between the first end 306 



US 2005/0266376 A1 

and the second end 310 of the slot. The seal collar 280 (FIG. 
15) formed around the second end of the link member rests 
on the top edge of the slot 304 and as the tip 250 is moved 
along the slot, the Sides are compressed by the Side walls of 
the slot 304 to cause the tip cap 252 to be deformed into an 
elliptical shape to allow the latch tabs 274 to be released 
from the latch recesses 260. See FIG. 19A1 for another 
representation of the slot shown in FIGS. 19A and B. The 
Sides of the slot 304 preferably engage the opposing notches 
on the sides of the tip cap 252. At the second end 310 of the 
slot 304, when the flossing device is pulled upwardly from 
the slot 304, the tip 250 is held in the slot 304 such that it 
is removed from the second end of the link member. 

0092 FIGS. 21A, B and C show another embodiment of 
this tip removal device where the slot 304A is broken into at 
least two Sections: one Section 312 being Similar to that 
shown in FIGS. 19A and B where the tip is deformed into 
an elliptical shape such that the latch tabs 274 are released 
from the latch recesses 260 in the tip, and a Second Section 
314 where the tip 250 is forcibly removed and ejected from 
the second end of the link member without having to remove 
the second end of the link member from the slot 304. This 
structure entirely removes the flosser tip 250 from the 
Second end of the link member and ejects it into the 
receptacle cavity. The first end 306 of this slot 304A in FIG. 
21A is for receiving the flosser tip 250. As the flosser tip 250 
is moved along the slot 304A, a first downwardly sloped 
surface 316 (FIG. 21B) on either side of the slot 304A 
engages the sides of the flosser tip 250 to compress the 
flosser tip 250 into an elliptical shape and release the latch 
mechanisms to allow the flosser tip to be slid towards the 
end of the second end of the link member. The sidewalls 
preferably engage the opposing notches on the tip cap 252, 
and push the tip cap along the Second end of the link member 
by moving down the ramp as the cap is moved along the first 
Section of the slot. 

0093. At the second section 314 of the slot 304A, a 
second downwardly sloping ramp 318 (FIG. 21B), offset 
upwardly from the first downwardly sloping ramp, is formed 
on either side of the slot 304A and engages the top side of 
the rim of the tip cap 252 to further force the flosser tip 250 
all the way off the second end of the link member as the 
device is moved to the second end of the slot. See FIG. 21C. 

0094 FIG. 22 shows an enlarged view of the slot 304A 
Structure in croSS-Section. Again, the Slot ramp 316 acts to 
compress the tip cap 252 to cause it to form an elliptical 
shape to disengage the latch tabs 274 and push the flosser tip 
250 partially from the second end of the link member. The 
final ejection ramp 318 in the second section 314 of the slot 
engages the rim of the flosser tip to finally push the entire 
flosser tip off the second end of the link member as the 
device is moved to the second end 310 of the slot 304A. 
Using the slot to compress the tip 250 and release the latch 
tabs 274, additional features were added to eject the tip from 
the end of the device and are summarized here. The tip 250 
is inserted into the release slot 304A. As the tip 250 is slid 
along the slot 304A and compressed to release the latch tabs 
274, it is also guided down the slot ramp 316. This pulls the 
tip 250 down and off the attachment end of the device. As 
the tip 250 clears the end of the slot ramp 316, the very end 
(the rim) of the tip cap 252 contacts the final ejection ramp 
318 and is pushed clear of the tip attachment end of the 
device (see FIG. 21C also). 
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0.095 The automatic removal of the flosser tip from the 
end of the device is a convenience to allow the user to easily 
replace the tips by Sliding the Second end of the link member 
along the slot, removing the tip member and easily replacing 
the tip by Simply inserting it into a new flosser tip Stored 
adjacent to the slot. 
0096. While the invention has been particularly shown 
and described with reference to a preferred embodiment 
thereof, it will be understood by those skilled in the art that 
various other changes in the form and details may be made 
without departing from the Spirit and Scope of the invention. 

1. A connection Structure formed on an interproximal 
floSSer; comprising: 

a link member; 
a first latch tab formed on a first portion of the link 
member; 

a Second latch tab formed on a Second portion of the link 
member, the Second latch tab diametrically opposite the 
first latch tab; and 

an orientation Structure formed on the link member; 
wherein 

the orientation Structure facilitates connection of the con 
nection Structure to a tip when the tip and the connec 
tion Structure are properly oriented with respect to one 
another. 

2. The connection structure of claim 1, wherein the tip is 
a flossing element. 

3. The connection Structure of claim 1, the orientation 
Structure comprising a first key. 

4. The connection structure of claim 3, wherein: 
the first key imparts a rectangular cross-section to the link 

member; and 
the first key facilitates connection of connection Structure 

to the tip only when the tip is oriented in one of a first 
or Second position. 

5. The connection structure of claim 4, wherein: 
the tip comprises a blade having a first axis and a Second 

axis, 
the link member oscillates the tip; and 
the first and Second positions correspond to the tip oscil 

lating along the first axis. 
6. The connection structure of claim 5, wherein the tip is 

curved. 
7. The connection structure of claim 5, wherein the tip is 

Straight. 
8. The connection structure of claim 1, wherein the 

orientation Structure comprises a pie-shaped structure. 
9. The connection structure of claim 1, the orientation 

Structure comprising: 
a first key; and 
a Second key cooperating with the first key to facilitate 

connection of the connection Structure to the tip. 
10. The connection structure of claim 9, wherein the tip is 

curved. 
11. The connection structure of claim 9, wherein the 

Second key cooperates with the first key to accept the tip in 
a single orientation. 
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12. The connection structure of claim 11, wherein the 
Second key comprises a first arcuate groove extending from 
a distal end of the link member at least partially along a 
longitudinal axis of the link member. 

13. The connection structure of claim 11, wherein the 
Second key further comprises a Second arcuate groove 
extending from a distal end of the link member at least 
partially along a longitudinal axis of the link member, 
formed on a side of the link member opposite the first 
arcuate grOOVe. 

14. The connection structure of claim 11, wherein the 
Second key comprises a geometrical shape formed on the 
link member. 

15. The connection structure of claim 14, wherein the 
geometrical shape extends into the link member. 

16. The connection Structure of claim 1, further compris 
ing a Sealing Surface formed on the link member, the Sealing 
Surface Spaced away from the first and Second latch tabs and 
operative to engage a rim of the tip when the tip is connected 
to the link member. 

17. A connection Structure formed on an interproximal 
floSSer; 

comprising: 

a link member; 
a first latch tab formed on the link member; 
a second latch tab formed on the link member; 
the first latch tab comprising a first sloped front Surface; 
the Second latch tab comprising a first Sloped front 

Surface; wherein 
the first and Second sloped front Surfaces permit attach 

ment of a tip to the connection Structure. 
18. The connection structure of claim 17, wherein: 
the tip is configured to accept the link member therein; 
the tip comprises: 

a generally circular, deformable Sidewall having an 
exterior and an interior; 
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a first latching receSS formed in the interior of the 
Sidewall; and 

a Second latching receSS formed in the interior of the 
sidewall; 

the tip is configured to deform as it passes over the first 
and Second latch tabs, 

the tip is further configured to accept the first latch tab in 
the first latching receSS and the Second latch tab in the 
Second latching recess, and 

the tip is further configured to rebound to an original 
shape upon accepting the first and Second latching tabs. 

19. The connection structure of claim 18, wherein the link 
member comprises: 

a generally flat front wall; 
a generally flat first Sidewall perpendicularly offset from 

the front wall; 
a generally flat Second Sidewall perpendicularly offset 

from the front wall; 
a first angled wall connecting the front wall to the first 

Sidewall; and 
a Second angled wall connecting the front wall to the 

Second Sidewall. 
20. A method for attaching a tip to a connection Structure 

of a flossing device, comprising: 
inserting a link member of the flossing device into an 

interior of a tip; 
aligning a first latch tab with a first latching recess, 
aligning a Second latch tab with a Second latching recess, 

and 

aligning a key formed on the link tab with a corresponding 
receSS formed in the tip; wherein 

the tip may be connected to the connection Structure only 
when the key and receSS are aligned. 

k k k k k 


