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ABSTRACT OF THE DISCLOSURE
An actuator that can convert rotary motion into reciprocating motion. The actuator has a

drive shaft and one or more ride plates mounted at an adjustable angle on the drive shaft. A

reciprocating output element is coupled to the ride plates.
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ACTUATOR FOR A NEEDLE

TECHNICAL FIELD
[0001] Actuators for needles.

BACKGROUND
[0002] In the art of controlled movement of needles, for example, in the tattoo art,

there is a need for an actuator for a needle.

SUMMARY
[0003] There is disclosed a new rotary to linear actuator for a needle.
[0004] An actuator for converting rotary to linear motion, the actuator comprising a

drive shaft mounted in a housing for rotation about an axis; a first ride plate mounted on the
drive shaft to rotate with the drive shaft, the first ride plate being mounted at an adjustable
angle between the first ride plate and the drive shaft; a reciprocating output element mounted
on the housing and the reciprocating output element being coupled to the first ride plate; and
the adjustable angle between the first ride plate and the drive shaft being adjustable by an
adjustment member.

[0005] In various embodiments, there may be included any one or more of the
following features: a second ride plate mounted on the drive shaft to rotate with the drive
shaft to define an envelope between the first ride plate and second ride plate, the second ride
plate being mounted at an adjustable angle between the second ride plate and the drive shaft;
the reciprocating output element being coupled to the first ride place and the second ride
plate by having a part located within the envelope; the adjustment member comprises a rod
mounted to rotate with the drive shaft, the rod being movable axially in a direction parallel to
thé axis of the drive shaft, the rod being coupled to each of the first ride plate and the second
ride plate; the adjustment member comprises a sleeve arrangement coupled to the rod to
adjust axial movement of the rod, the sleeve arrangement comprises a first ring fixed to the

housing with internal threads and a second ring with external threads within the first ring,
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and a third ride plate rotatable within the second ring, the third ride plate being fixed to the
rod.

[0006] T’hese and other aspects of the device and method are set out in the claims.

BRIEF DESCRIPTION OF THE FIGURES
[0007] Embodiments will now be described with reference to the figures, in which

like reference characters denote like elements, by way of example, and in which:

[0008] Fig. 1 is a basic schematic of an embodiment of an actuator.

[0009] Fig. 2 is an exemplary embodiment of the actuator. Fig. 2 is shown partly in
plan view and partly as a cross-section, hatching indicates a cross-section of the element.
[0010] Fig. 3 shows a cross section of two ride plates at a first angle to the drive
shaft.

[0011] Fig. 4 shows a cross section of two ride plates at a second angle to the drive
shaft.

[0012] Fig. 5 shows a cross section of an embodiment of the actuator with one ride

plate and a receptacle on the reciprocating output.
[0013] Fig. 6 shows a cross section of an exemplary embodiment of the actuator with

one ride plate and a receptacle on the ride plate.

DETAILED DESCRIPTION

[0014] Fig. | shows an embodiment of an actuator 20 that can efficiently convert
rotary motion into reciprocating motion. The actuator may be in a tattoo machine. The
actuator has an offset reciprocating output, which promotes good visibility of the user, and
the ability to make vast changes to the throw of the reciprocating output in refation to the
size of the unit.

[0015] Referring to the exemplary embodiment shown in Fig. 2, reciprocal
movement may be created in the reciprocating output 11 through the swashing action of ride
plates 14. The reciprocating output 11 is mounted on a housing 24 of the machine and
extends through a slot in the housing 24 to couple to the ride plates 14. For example, the

reciprocating output 11 may comprise a guide 22 and may be coupled to a first and second
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ride plate 14 by the guide 22 located within a space or envelope between the first and second
ride plates 14. The guide 22 is configured to mate the ride plates to the reciprocating output
11 through a range of angles. In operation, the guide 22 follows the vertical component of
the swashing. The guide 22 may be a ball. An output slide retainer 12 may be provided on
the housing 24 to constrain the movement of the reciprocating output 11 so the reciprocating
output 11 cannot freely tilt. The output slide retainer 12 may be connected to the housing 24
by a flange.

[0016] The ride plates 14 are rotated by a drive shaft 2, described further below. The
drive shaft is mounted in housing 24 for rotation about an axis. The ride plates 14 are
mounted on the drive shaft and sit at an adjustable angle to the drive shaft 2. The ride plates
are configured to be able to tilt between different angles to the drive shaft 2.

[0017] The angle of the ride plates to the drive shaft 2 may be adjusted by changing
the axial position of the adjustment member 10. Adjustment member 10 may be movable
axially in a direction parallel to the axis of the drive shaft and is coupled to the drive plates
14. Adjustment member 10 is mounted to rotate with the drive shaft. The adjustment
member 10 may comprise a rod 30. The adjustment member 10 may comprise a freely
rotating adjuster assembly to adjust the axial movement of the adjustment member 10.
Adjuster assembly may comprise a sleeve arrangement 32 coupled to the rod 30 to adjust
axial movement of the rod. The sleeve arrangement 32 may comprise a first ring 6 fixed to
the housing with internal threads and a second ring 7 with external threads within the first
ring, and a third ride plate 5 rotatable within the second ring, the third ride plate being fixed
to the rod. The sleeve arrangement may be adjustable by twisting the first ring 6. While the
ends of the adjustment member 10 may be free vertically, they are held in rotation to the
drive shaft via a top shaft carrier 3 and a bottom shaft carrier 4. The adjustment member 10
will be inside both carriers 3,4 at any given time to varying depths, so that it is not subjected
to undue twisting stresses.

[0018] The motor unit | is driven by a power cable (not shown) and rotates the drive
shaft 2. The drive shaft 2 is splined at both ends to rotate the top shaft carrier 3 and the
bottom shaft carrier 4. The shaft carriers 3, 4 are provided to carry the adjustment member 10

at the same revolution as the drive shaft.
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[0019] Ride plates 14 may be driven and secured in any number of ways. The drive
shaft 2 is configured to couple to the ride plates 14 to allow the ride plates to tilt freely while
causing the ride plates 14 to rotate at the same revolutions as the drive shaft 2.

[0020] Drive shaft 2 extends through holes in the center of each ride plate 14. The
diameter of the drive shaft may be smaller at the point where the drive shaft passes through
each ride plate, or the diameter may be the same as the rest of the drive shaft. Drive shaft 2
may be threaded above the ride plates 14 to accommodate a disc retainer 9. Disc retainer 9
may be integral to drive shaft 2, or removably attached to drive shaft 2, for example by a
threaded connection. Disc retainer 9 preferably has a larger diameter than the drive shaft 2
and is configured to keep the center of the ride plate 14 retained in same spot on the vertical
axis while allowing the ride plate to tilt freely. One end of each ride plate 14 may be partially
or fully convex.

[0021] The ride plates 14 are rotatingly connected to the drive shaft by a driving
connection. The driving connection may be integral to the drive shaft or may be removably
connected to the drive shaft. The driving connection may be some sort of ribbing or keying
on the ride plates configured to engage with some sort of ribbing or keying on the drive
shaft. As shown in Fig. 2, the driving connection may be wings 8 attached to the drive shaft
below each of the ride plates 14, extending into or through complementary slots in the ride
plates 14 to secure ride plates 14 and provide consistent power through a range of angles.
There may be two or more wings. The wings may be on the drive shaft above the ride plates.
If there are multiple ride plates, there may be an intermediate drive shaft section between the
ride plates comprising a disc retainer above the lower drive plate and a driving connection
below the upper drive plate. Alternatively, the driving connection may be gear teeth on the
drive shaft mating to shaft gears with a convex face on the ride plates, to secure ride plates
14 and provide consistent power through a range of angles.

[0022] The ride plates 14 may have oblonged and concaved holes in their surfaces
that allow the adjustment retainers 13 on adjustment member 10 to secure the adjustment
height of the ride plates 14 at various tilt angles. The ends of the adjustment retainers 13 may
be rounded to accommodate a tight fit. The adjustment retainers 13 may be integral to the

adjustment member 10, or may be removably attached, for example threaded onto the
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adjustment member. The adjustment retainers 13 may be secured using other means, for
example with clips.

[0023] Figs. 3 and 4 show an example coupling of the ride plates 14 to the
reciprocating output 11 while the ride plates are substantially perpendicular to the drive shaft
(Fig. 3) and while the ride plates have been tilted to a different angle to the drive shaft (Fig.
4). The tilting action is provided via an adjustment member 10 which may lift and/or lower
one end of the ride plates 14. In the case of a first and second ride plate 14, both ride plates
may be moved by the adjustment member 10 simultaneously while the centers of the ride
plates 14 are fixed in the vertical axis. In another embodiment, the driving connection may
be a rounded wing, which may protrude into a slot inline with the angle shaft in the ride plate
to drive it.

[0024] The ride plate 14 may be sandwiched between two rounded surfaces on the
ends of the drive shaft which may be pressed onto, integral to, or threaded onto the drive
shaft 2. The ride plate 14 may have a concave surface on both sides to accommodate the fit,
while larger to accommodate for angle changes. '

[0025] As shown in Figs. 5 and 6, there may be only one ride plate on the drive shaft
2 and the reciprocating output 11 may be coupled to the ride plate 14. The ride plate may
have an end that flares to form a receptacle 26, for example as shown in Fig. 6, which is
sized to hold guide 22 of the reciprocating output 11. Alternatively the reciprocating output
may have a receptacle 28 that the ride plates can slide in. In this embodiment reciprocating
output 11 has a pivot 34 or gimbal and may have a telescoping stem to allow the receptacle
to move up and down as the plate rotates, as shown in Fig. 5.

[0026] Any of the threaded connections may be associated with a detent so the
threads do not vibrate down with use.

[0027] The length of the stroke of the reciprocating output may be adjustable. The
stroke length depends on the thickness of ride plates 14, the diameter of the guide of the
reciprocating output 11, and the angle the assembly is subjected to. The reciprocating output
may further comprise a mechanism to increase the stroke length of the reciprocating output.
For example, there may be a ring on the outside of the housing mounted to pivot as a lever.

[0028] The drive shaft may be driven by a motor at either end.
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[0029] The reciprocating member 11 may connect for example to the needle of a
tattoo machine.

[0030] Immaterial modifications may be made to the embodiments described here
without departing from what is covered by the claims.

[0031] In the claims, the word “comprising” is used in its inclusive sense and does
not exclude other elements being present. The indefinite articles “a” and “an” before a claim
feature do not exclude more than one of the feature being present. Each one of the individual
features described here may be used in one or more embodiments and is not, by virtue only
of being described here, to be construed as essential to all embodiments as defined by the

claims.
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CLAIMS

1. An actuator for converting rotary to linear motion, the actuator comprising

a drive shaft mounted in a housing for rotation about an axis;

a first ride plate mounted on the drive shaft to rotate with the drive shaft, the first ride
plate being mounted at an adjustable angle between the first ride plate and the drive shaft;

a reciprocating output element mounted on the housing and the reciprocating output
element being coupled to the first ride plate; and

the adjustable angle between the first ride plate and the drive shaft being adjustable

by an adjustment member.

2. The actuator of claim | further comprising:

a second ride plate mounted on the drive shaft to rotate with the drive shaft to define
an envelope between the first ride plate and second ride plate, the second ride plate being
mounted at an adjustable angle between the second ride plate and the drive shaft; and

the reciprocating output element being coupled to the first ride place and the second

ride plate by having a part located within the envelope.

3. The actuator of claim 1 or 2 in which the adjustment member comprises a rod
mounted to rotate with the drive shaft, the rod being movable axially in a direction parallel to
the axis of the drive shaft, the rod being coupled to each of the first ride plate and the second

ride plate.

4. The actuator of claim 3 in which the adjustment member comprises a sleeve

arrangement coupled to the rod to adjust axial movement of the rod.

5. The actuator of claim 4 in which the sleeve arrangement comprises a first ring fixed
to the housing with internal threads and a second ring with external threads within the first
ring, and a third ride plate rotatable within the second ring, the third ride plate being fixed to
the rod.
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