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DYNAMIC COOLANT DELIVERY SYSTEM WITH MULTI-AXIS ROTATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/721,224, filed August 22, 2018, the entire disclosure of which is expressly incorporated by

reference herein.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to a coolant delivery system adapted to
deliver coolant to a cutting tool secured in a spindle of a computer numerical control (“CNC”)
machine. More specifically, the disclosure relates to a coolant delivery system dynamically
repositionable about at least one axis of rotation in response to a control signal in order to

provide coolant to the cutting tool.

BACKGROUND

[0003] CNC machines are widely used in industry for manufacturing components or
parts. CNC machines are advantageous because they utilize computer-aided design ("CAD") and
computer-aided manufacturing ("CAM") programs to manufacture components to exact
specifications in continuous, automated processes. The production of a component from ablank
or raw material might require the use of different tools, including cutting tools such asmilling
tools, radius bits and drills. Therefore, CNC machines also allow for the interchangeability of
tools during a continuous, automated manufacturing process for a part or component.

[0004] One use for CNC machines is subtractive manufacturing, or processes where parts
of ablank or raw material are removed, for example, by milling, drilling, or grinding. These
material removal processes utilize an interaction of at least one cutting point or edge of a cutting

tool with the blank or workpiece to remove raw material. In some applications, the cutting tool is
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rotating about its longitudinal axis during these processes. In other applications, the workpiece is
rotating about one of its axes relative to the cutting tool. In further applications, the cutting tool
and the workpiece are rotating relative to one another. When the cutting point or edge engages
the workpiece, material isremoved from the workpiece in the form of chips, turnings, fillings, or
shavings (collectively referred to as“swarf’) dueto the cutting action between the cutting tool
and the workpiece. The buildup of swarf during the material removal process can interfere with
the engagement of the cutting tool with the workpiece. Furthermore, the removal of material
from the workpiece results in heat buildup within the cutting tool. Such interference and heat
buildup may lead to, among other things, decreased cutting accuracy, increased cutting tool
wear, and reduced cutting tool life. Accordingly, a coolant may be delivered to at least one of the
cutting tool or the workpiece in order to remove the swarf from the location where the cutting
tool engages the workpiece and from the cutting tool itself. In addition, the coolant cools and

lubricates the cutting tool.

SUMMARY

[0005] The present disclosure, therefore, provides a dynamic coolant delivery system for
delivering coolant to a cutting tool coupled to a spindle of a computer numerical control

(“CNC”) machine comprising a platform adapted to be coupled to the spindle and rotatable about
afirst axis, and anozzle supported by the platform and pivotable about a second axis. The
nozzle isin fluid communication with a coolant reservoir and adapted to deliver coolant from the
coolant reservoir to the cutting tool. In avariation thereof, the second axis isnon-parallel tothe
first axis. In afurther variation thereof, the second axis is orthogonal the first axis.

[0006] The present disclosure also provides a method of dynamically delivering coolant
to a cutting tool coupled to a spindle of a computer numerical control (“CNC”) machine for
rotation about afirst axis. The method comprises providing a coolant delivery nozzle fluidly
coupled to a coolant reservoir. The cool delivery nozzle is adapted to rotate about the first axis
and to pivot about a second axis non-parallel to the first axis. The method further comprises
delivering coolant to first axial location of the cutting tool from afirst orientation of the coolant
delivery nozzle relative to the cutting tool. The first orientation is defined by an angular position
of the coolant delivery nozzle relative to the first axis. The method further comprises rotating the

coolant delivery nozzle about the first axis such that the coolant delivery nozzle delivers coolant
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tothe first axial location of the cutting tool from a second orientation of the coolant delivery
nozzle relative to the cutting tool. The second orientation is angularly displaced from the first
orientation.

[0007] The present disclosure further provides a method of dynamically adjusting the
orientation of a coolant delivery nozzle configured to supply coolant to a cutting tool supported
for rotation by a spindle of a computer numerical control (*CNC”) machine about afirst axis.
The method comprises providing a coolant delivery system including afirst ring rotatable about
the first axis and operatively coupled to a coolant delivery nozzle adapted to deliver coolant to
the cutting tool and a second ring rotatable about the first axis and operatively coupled to a
platform supporting the coolant delivery nozzle. The method also comprises rotating the first
ring about the first axis so asto develop relative motion between the first ring and the second
ring, wherein developing relative motion between the first ring and the second ring results in the
coolant delivery nozzle pivoting about a second axis. The second axisisnon-parallel tothe first
axis. The method further comprises rotating the second ring about the first axis, wherein rotating
the second gear about the first axis results in the platform and the nozzle rotating about the first
axis.

[0008] The present disclosure also provides a method of dynamically delivering coolant
to a cutting tool coupled to a spindle of a computer numerical control (“CNC”) machine for
rotation about afirst axis. The method comprises providing a coolant delivery nozzle fluidly
coupled to a coolant reservoir, the coolant delivery nozzle adapted to pivot about a second axis
non-parallel to the first axis. The method further comprises delivering coolant to afirst axial
location of the cutting tool from afirst orientation of the coolant delivery nozzle relative to the
cutting tool. The first orientation is defined by an angular position of the coolant delivery nozzle
relative to the first axis. The method also comprises pivoting the coolant delivery nozzle about
the second axis such that the coolant delivery nozzle delivers coolant to a second axial location
of the cutting tool. The second axia location of the cutting tool is spaced axially apart from the
first axial location of the cutting tool along the first axis. In avariation thereof, the method
further comprises rotating the coolant delivery nozzle about the first axis such that the coolant
delivery nozzle delivers coolant to at least one of the first axial location or the second axial

location of the cutting tool.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above-mentioned and other features and advantages of this disclosure, and
the manner of obtaining them, will become more apparent, and will be better understood by
reference to the following description of the exemplary embodiments taken in conjunction with

the accompanying drawings, wherein:

[0010] FIG. | isaperspective view of a CNC machine with acontrol console;
[0011] FIG. 2 isaperspective view of aworkspace of the CNC machine with a spindle;
[0012] FIG. 3isapartial perspective view of an exemplary dynamic coolant delivery

system coupled to the spindle;

[0013] FIG. 4isapartial sideview of the exemplary dynamic coolant delivery system
coupled to the spindle;

[0014] FIGs. 5 and 6 are perspective views of the exemplary dynamic coolant delivery
system;

[0015] FIG. 7 isabottom view of the exemplary dynamic coolant delivery system;
[0016] FIG. 8isapartia detail view of aturret and a nozzle supported by a platform of

the exemplary dynamic coolant delivery system;

[0017] FIG. 9isasideview of aplatform axis and aturret axis of the exemplary dynamic
coolant delivery system;

[0018] FIG. 10 isasideview of anozzle axis of the exemplary dynamic coolant delivery
system.
[0019] FIGs. 11, 12, and 13 are perspective views of the exemplary dynamic coolant

delivery system with aportion of ahousing of dynamic coolant delivery system shown in
transparency;

[0020] FIG. 14 isapartial exploded view of the exemplary dynamic coolant delivery
system with aportion of the housing removed;

[0021] FIG. 15 isaperspective view of the exemplary dynamic coolant delivery system
with aportion of the housing removed,

[0022] FIGs. 16, 17, 18, 19, 20, 21, and 22 are partial cross-sectiona views of the
exemplary dynamic coolant delivery system;

[0023] FIG. 23 isaperspective view of agear of the exemplary dynamic coolant delivery
system;
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[0024] FIG. 24 isaperspective view of another gear of the exemplary dynamic coolant
delivery system;

[0025] FIG. 25isaperspective view of afurther gear of the exemplary dynamic coolant
delivery system;

[0026] FIG. 26 isapartia cross-sectional view taken along line 26-26 of the gear of FIG.
25,

[0027] FIGs. 27 and 28 are perspective views of an upper portion of a mounting adapter

of the exemplary dynamic coolant delivery system;

[0028] FIGs. 29 and 30 are perspective views of alower portion of the mounting adapter
of the exemplary dynamic coolant delivery system;

[0029] FIG. 3lisabottom view of the lower portion of the mounting adapter of the

exemplary dynamic coolant delivery system;

[0030] FIGs. 32 and 33 are partial exploded views of the exemplary dynamic coolant
delivery system;

[0031] FIG. 34 isatop perspective view of a hub of the exemplary dynamic coolant
delivery system;

[0032] FIG. 35isatop view of the hub;

[0033] FIG. 36 isabottom perspective view of the hub;

[0034] FIG. 37 isapartia cross-sectional view of the hub taken along line 37-37 of FIG.
36,

[0035] FIG. 38 isatop plan view of acover of the exemplary dynamic coolant delivery
system;

[0036] FIG. 39 isaperspective view of the turret and the nozzle of the exemplary

dynamic coolant delivery system;

[0037] FIG. 40isan exploded view of the turret and the nozzle;

[0038] FIGs. 41 and 42 are perspective views of the turret;

[0039] FIG. 43 isacross-sectional view of the turret;

[0040] FIGs. 44, 45, and 46 are partial cross-sectional views of the exemplary dynamic

coolant delivery system illustrating a sequential pivoting of the nozzle about the nozzle axis,
[0041] FIG. 47 isapartial exploded view of the exemplary dynamic coolant delivery
system;
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[0042] FIG. 48 isaperspective view of alight ring;

[0043] FIG. 49 isan exploded view of the light ring;

[0044] FIG. 50 isaperspective view of the light ring;

[0045] FIG. 51isaperspective view of the light ring with agasket removed;

[0046] FIG. 52 isapartia cross-sectional view of the light ring;

[0047] FIG. 53 isadiagrammatic view of atrgectory of the turret and the nozzle about
the platform axis and the rotation of the turret and the nozzle about the turret axis;

[0048] FIG. 54 isadiagrammatic view of the rotation of the nozzle about the nozzle axis;
[0049] FIGs. 55 and 56 are diagrammatic views of possible orientations of the turret and

the nozzle relative to the platform axis and a cutting tool;

[0050] FIG. 57 isapartia side view of the exemplary dynamic coolant delivery system
coupled to the spindle relative to aworkpiece illustrated in broken lines,

[0051] FIG. 58 isatop perspective view of an aternative exemplary dynamic coolant
delivery system;

[0052] FIG. 59 isabottom perspective view of the exemplary dynamic coolant delivery
system of FIG. 58;

[0053] FIG. 60 isaperspective view of an interior of the exemplary dynamic coolant
delivery system of FIG. 58;

[0054] FIG. 61isapartia perspective view of acover of the exemplary dynamic coolant
delivery system of FIG. 58;

[0055] FIG. 62 iscross-sectional view of the interior of the exemplary dynamic coolant
delivery system of FIG. 58 taken along lines 62-62;

[0056] FIG. 63 isacross-sectional view of the interior of the exemplary dynamic coolant
delivery system of FIG. 58 taken along lines 63-63;

[0057] FIG. 64 isabottom view of the interior of the exemplary dynamic coolant
delivery system of FIG. 58;

[0058] FIG. 65isan partial exploded view of the interior of the exemplary dynamic
coolant delivery system of FIG. 58; and

[0059] FIG. 66 isanother partial exploded view of the interior of the exemplary dynamic
coolant delivery system of FIG. 58..
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[0060] Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein illustrates exemplary embodiments of the
invention and such exemplifications are not to be construed aslimiting the scope of the invention

in any manner.

DETAILED DESCRIPTION OF THE DRAWINGS

[0061] For the purposes of promoting an understanding of the principles of the present
disclosure, reference isnow made to the embodiments illustrated in the drawings, which are
described below. The exemplary embodiments disclosed herein are not intended to be exhaustive
or to limit the invention to the precise form disclosed in the following detailed description.
Rather, these exemplary embodiments were chosen and described so that others skilled in the art
may utilize their teachings.

[0062] The terms “couples,” “coupled,” and variations thereof are used to include both
arrangements wherein two or more components are in direct physical contact and arrangements
wherein the two or more components are not in direct contact with each other (e.g., the
components are “coupled” via at least athird component), but yet still cooperate or interact with
each other. Furthermore, the terms “couples,” “coupled,” and variations thereof refer to any
connection for machine parts known in the art, including, but not limited to, connections with
bolts, screws, threads, magnets, electro-magnets, adhesives, friction grips, welds, snaps, clips,
etc.

[0063] In some instances throughout the present disclosure and in the claims, numeric
terminology, such asfirst and second, isused in reference to various components or features.
Such use isnot intended to denote an ordering of the components or features. Rather, numeric
terminology isused to assist the reader in identifying the component or features being referenced
and should not be narrowly interpreted as providing a specific order of components or features.
[0064] Referring to FIG. 1, aperspective view of a CNC machine 100 is shown. CNC
machine 100 includes a control console 102 with user controls 104 and aviewable screen 106. In
one embodiment, controls 104 and viewable screen 106 allow auser to generate part programs
using conventional methods including accessing computer-aided design (“CAD”) and computer-
aided manufacturing (“CAM”) programs. CAD and CAM programs allow for manufacture of

components to meet exact specifications in continuous, automated processes. These processes



WO 2020/041416 PCT/US2019/047421

may include subtractive or additive manufacturing. Inthe center of CNC machine 100, a
workspace 108 and working parts 112 are shown.

[0065] In the example shown, workspace 108 has a flat working surface 110, sothat a
user can mount ablank or workpiece on working surface 110 to be worked upon by CNC
machine 100. When CNC machine 100 is operational, workspace 108 may be closed by a door or
a screen (not shown). In some embodiments, workspace 108 remains closed during a continuous,
automated manufacturing process. The process can begin after ablank or workpiece is mounted
toworking surface 110 and the door or screen isclosed and end after the process has created a
part by controlling the operation of working parts 112 according to user input specifications. The
continuous, automated manufacturing process of the present disclosure can be a subtractive
manufacturing process, an additive manufacturing process, or a combination of both subtractive
and additive manufacture processes. It should be further understood that working parts 112
include a spindle and at least one axis controlled by servo motors. In the embodiment shown,
working parts 112 include a spindle and a plurality of axes (linear and/or tilt) controlled by servo
motors.

[0066] Subtractive manufacture processes include, but are not limited to, grinding,
drilling, boring, shaving, milling, and cutting. Additive manufacture includes, but isnot limited
to, extruding, which oftentimes iscarried out using moldable and flowable plastics. Other
materials to be used in an additive manufacturing process might include rubber, metals, epoxies,
glue or composite materias. In some embodiments, auser does not mount any workpiece to
working surface 110, and workspace 108 isclosed, beginning an additive and subtractive
manufacturing process. Additive and subtractive manufacture processes, in some embodiments,
further includes heating, cooling, and/or curing material, optionally with lasers, UV lights, and/or
fluid streams within workspace 108.

[0067] Working parts 112 (described in more detail with reference to FIG. 2 below) of
CNC machine 100 are programed to move according to auser input to create a specific shape. As
indicated above, working parts 112 include a spindle and spindle head (described in more detail
below). During a continuous, automated manufacturing process, working parts 112 move within
workspace 108 to create a part or component. In one embodiment, working parts 112 are coupled
with cutting tools in a subtractive manufacturing process. In other embodiments, working parts

112 are coupled with an extruder during an additive manufacturing process. In another
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embodiment during a continuous, automated manufacturing process using both additive and
subtractive manufacturing processes, working parts 112 interchangeably couple with subtractive
manufacturing tools, such asamilling tool, and additive manufacturing tools, such asan
extruder.

[0068] Referring now to FIG. 2, a perspective view of workspace 108 in CNC machine
100 is shown. In the embodiment shown, workspace 108 isthe workspace of a 5-axis CNC
machine model, and the axes are described further below. Working parts 112 include a spindle
head 120 with an upper portion 121 and alower portion 122. Upper portion 121 includes amotor
housing 123 and a head casing 124, between upper portion 121 and lower portion 122. Lower
portion 122 includes a spindle 125 and couple keys 126. Spindle 125 has alower flat surface
127, and keys 126 extend downwardly below surface 127. In the embodiment shown, there are
three coupling keys; however, more or fewer than three coupling keys is contemplated. Any
combination of a spindle and keys known in the art capable of coupling interchangeably with a
holder, such asatool holder, may beused. Spindle 125 and keys 126 are able to interchangeably
couple with subtractive manufacturing tools, such asdrills, and additive manufacturing tools,
such as extruders, or other material processing units.

[0069] Working surface 110 has grooves 130 and an optional working table 132.
Grooves 130 facilitate affixing material to be machine, or affixing afixture, such asworking
table 132, or other material holders to working surface 110. Working table 132 has aflat upper
surface 134 and a groove-fitting lower surface 136. Upper surface 134 allows for ablank or
workpiece to be mounted to working table 132 for either additive or subtractive manufacture
processes by spindle head 120 and atool (not shown) coupled to spindle 125 by keys 126.
Working table 132 is affixed to working surface 110 within grooves 130. Therefore, when
working surface 110 moves inthe X and Y directions, working table 132, or other affixed units
move with working surface 110. Flat upper surface 134 rotates around arotary C axis (not
shown), wherein upper surface 134 rotates about a central axis.

[0070] Working parts 112 include aball screw 138, which facilitates movement of
spindle head 120 inthe Z| and Z2 directions during a manufacturing process. Spindle head 120
can move rotatably inthe Rl and R2 direction to allow atool coupled to and rotatably supported
by spindle 125 to work on aworkpiece mounted on upper surface 134 from different angles

during a manufacturing process. In some embodiments, spindle head 120 can move inthe X |
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and X2 directions or the Y| and Y 2 directions. The described movement of the parts in the X, Y,
R, C, and Z directions, in one embodiment, is controlled to achieve tool paths required for
forming apart having a geometry specified according to user input in apart program. It should
be understood that while the present disclosure refers to afive-axis CNC machine, CNC
machines having more or fewer than five axes of control are contemplated. Furthermore, inthe
embodiment shown, CNC machine 100 comprises avertica milling machine. In another
embodiment, CNC machine 100 may comprise ahorizontal milling machine having at least one
axis of control.

[0071] Turning now to FIGs. 3 and 4, an exemplary dynamic coolant delivery system
200 is shown coupled to spindle head 120. Dynamic coolant delivery system 200 isfluidly
coupled to a coolant reservoir and isadapted to deliver coolant to at least one of atool, such asa
cutting tool, coupled to and rotatably supported by spindle head 120 or aworkpiece secured to
working surface 110. Inthe exemplary embodiment shown, dynamic coolant delivery system
200 travels with spindle head 120 as spindle head 120 moves, for example, inthe X1 and the X2
directions, the Y | and the Y 2 directions, or the Z| and Z2 directions.

[0072] Ilustratively, dynamic coolant delivery system 200 is coupled to alower portion
122 of spindle head 120. Lower portion 122 illustratively includes a mounting flange 128 that is
adapted to receive amounting adapter 222 of dynamic coolant delivery system 200. More
specifically, mounting adapter 222 includes a plurality of mounting bolts 223 that are adapted to
releasably couple to mounting flange 128. In the exemplary embodiment shown in Fig. 5,
mounting adapter 222 includes four mounting bolts 223; however, it iscontemplated that more
or fewer than four mounting bolts 223 may be used to couple dynamic coolant delivery system
200 to spindle head 120. An advantage, among others, of mounting adapter 222 isthat dynamic
coolant delivery system 200 may beretrofitted to existing spindle heads. In an aternative
embodiment, dynamic coolant delivery system 200 isintegrally coupled to spindle head 120. In
another embodiment, the dynamic coolant delivery system 200 is coupled to a stationary portion
of CNC machine 100 within, for example, the workspace 108. In afurther embodiment,
mounting adapter 222 isintegrated with spindle head 120. An advantage, among others, of
integrating mounting adapter 222 with spindle head 120 isareduction in parts.

[0073] In the exemplary embodiment shown in FIGs. 5through 7, dynamic coolant

delivery system 200 illustratively includes a central opening 210 defined by mounting adapter
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222. Central opening 210 is sized and configured to allow aplurality of additive and subtractive
manufacturing tools supported by the spindle head 120 to pass through during, for example, the
manufacturing process or the interchanging of tools with spindle 125. Central opening 210
illustratively comprises ageneraly circular shape and is concentric with an axis of rotation 129
of spindle head 120. Dynamic coolant delivery system 200 remains stationary relative to spindle
head 120 while atool (not shown) coupled to spindle 125 rotates about axis 129 during the
manufacturing process.

[0074] Turning now to FIGs. 9 and 10, dynamic coolant delivery system 200 includes a
housing 220, a platform 270 rotatably supported by the housing 220, aturret 290 supported by
platform 270, and anozzle 310 supported by turret 290. Housing 220 includes a cover 260 and
mounting adapter 222. In the exemplary embodiment shown, platform 270, turret 290, and
nozzle 310 are supported by housing 220 opposite cover 260.

[0075] Aswill be described in more detail herein, platform 270 isrotatable about a
platform axis 271 in directions 272, 273 (see FIG. 53). Asaresult, turret 290 and nozzle 310 will
rotate about platform axis 271 in directions 272, 273 as platform 270 rotates about platform axis
271 in directions 272, 273. In the exemplary embodiment shown, platform axis 271 is coaxial
with axis 129 when dynamic coolant delivery system 200 is coupled to spindle head 120 of CNC
machine 100. Additionally, turret 290 isindependently rotatable about aturret axis 291 in
directions 292, 293 (see FIG. 53). Asaresult, turret 290 may rotate about turret axis 291 in
directions 292, 293 as platform 270 rotates about platform axis 271 in directions 272, 273 or as
platform 270 is stationary. Nozzle 310 ispivotable about anozzle axis 311in directions 312, 313
(see FIG. 54). Asaresult, nozzle 310 may pivot about nozzle axis 311in directions 312, 313
independently of the rotation of turret 290 about turret axis 291 and the rotation of platform 270
about platform axis 271.

[0076] Dynamic coolant delivery system 200 is shown in more detail in FIGs. 11through
24. A portion of housing 220 of dynamic coolant delivery system 200 is shown in transparency
inFIGs. 11, 12, and 13. In the exemplary embodiment shown in FIGs. 11through 15, dynamic
coolant delivery system 200 illustratively includes aplurality of electrical motors operatively
coupled to one of aplurality of gears 274, 294, 314. Electrical motors 237a, 238a, 239 are
illustratively oriented parallel to and offset from platform axis 271. In the exemplary

embodiment shown, electrical motors 237a, 2383, 239a are brushless DC electric motors, for
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example, stepper motors, contained within housing 220. Each of electrical motors 237a, 238a,
239a areillustratively in electrica communication with a power source and a controller. To this
end, afitting 236, illustratively a conduit fitting, is coupled to housing 220 to facilitate the
electrical communication between electrical motors 237a, 238a, 2393, the power source, and the
controller.

[0077] Referring specifically to FIGs. 14 and 15, electrica motors 237a, 238a, 239a
include arespective drive shaft 237b, 238b, 239b that is coupled to arespective spur gear 237c,
238c, 239c. Each of spur gears 237c, 238c, 239c are operatively engaged with arespective one of
the plurality of gears 274, 294, 314. In the exemplary embodiment shown, actuation of electrical
motor 237a results in rotation of gear 314 about platform axis 271, actuation of electrical motor
238a results in rotation of gear 274 about platform axis 271, and actuation of electrical motor
239a results in rotation of gear 294 about platform axis 271. Electrica motors 237a, 238a, 239a
areillustratively capable of variable speed output both individually and relative to one another.
For example, spur gear 237c may berotating at a different speed than spur gears 238c, 239c are
rotating.

[0078] Referring now to FIGs. 16 through 22, gears 274, 294, 314 are arranged
concentrically with central opening 210 of dynamic coolant delivery system 200. Thus, gears
274, 294, 314 are arranged coaxialy with platform axis 271. Within housing 220, gears 274,
294, 314 are arranged axially along platform axis 271. In the exemplary embodiment shown,
gear 274 isarranged axially of gear 314 along platform axis 271, and gear 294 is arranged axially
of gear 274 along platform axis 271. Accordingly, gear 274 is arranged axially intermediate
gears 194, 314. In addition, gear 314 isaxially adjacent cover 260, and gear 294 is axialy
adjacent platform 270.

[0079] Gears 274, 294, 314 are shown in further detail in FIGs. 23 through 26. In the
exemplary embodiment shown, gears 274, 294, 314 illustratively comprise ring gears. That is,
gears 274, 294, 314 comprise ageneraly ring-shaped body. Referring specifically to FIG. 23,
gear 314 comprises aradia flange 315 and an axial flange 317 extending from and generally
orthogonal to an inner portion of radia flange 315. Radial flange 315 includes aplurality of
engagement features 316 extending radially outwardly therefrom, which are configured to
engage spur gear 237c. Axia flange 317 includes ahelical groove 318 extending circumferential

along an inner surface of axial flange 317. Helical groove 318 includes a“high point”
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corresponding to helical groove 318 being generally adjacent the inner portion of radial flange
315 (see FIG. 44) and a“low point” corresponding to helical groove 318 being generally axially
spaced apart from the inner portion of radial flange 315 (see FIG. 46). Thus, helical groove 318
can bethought of as agroove extending around axial flange 317 on aplane angled with respect
to platform axis 271.

[0080] Referring now to FIG. 24, gear 274 includes aplurality of engagement features
275 extending radially outwardly from the ring-shaped body. Engagement features 245 are
configured to engage spur gear 238c. Gear 274 is coupled to platform 270. In the exemplary
embodiment shown, aplurality of apertures 276 are arranged circumferentially about an inner
circumference of gear 274. Asbest shown in FIGs. 21 and 22, apertures 276 are configured to
recelve arespective fastener 251 for coupling gear 274 to platform 270. Accordingly, when
electrical motor 238a is actuated to rotate gear 274 about platform axis 271, platform 270 is
rotated about platform axis 271.

[0081] Referring now to FIGs. 25 and 26, gear 294 comprises aplurality of outer
engagement features 295 and a plurality of inner engagement features 296. Outer engagement
features 295 extend radialy outwardly from the ring-shaped body and are configured to engage
spur gear 239c. Similarly, inner engagement features 296 extend radialy inwardly from the ring-
shaped body and are configured to engage aplurality of engagement features 301 of turret 290
(see FIG. 39). Inthe exemplary embodiment shown, inner engagement features 296 are axially
offset from outer engagement features 295 relative to platform axis 271.

[0082] Asshown in FIG. 17, mounting adapter 222 illustratively comprises a cylindrical
body that includes an upper portion 224 and alower portion 230. Upper portion 224 is shown in
more detail in FIGs. 27 and 28. Upper portion 224 is adapted to couple to spindle head 120.
Upper portion 224 illustratively includes aradially outwardly extending mounting flange 225. In
addition, upper portion 224 includes an axialy extending portion 227 extending generally
orthogonal to mounting flange 225. Illustratively, mounting flange 225 isgeneraly flat and
includes aplurality of apertures 226. Each of apertures 226 is configured to receive arespective
mounting bolt 223 for coupling to spindle head 120. Upper portion 224 illustratively includes
four apertures 226. Asdiscussed above, it iscontemplated that upper portion 224 may include
more or fewer than four apertures 226 or other engagement features as necessary to couple to a
variety of spindle heads 120.

13
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[0083] Turning now to FIGs. 29 through 31, lower portion 230 of mounting adapter 222
is shown in more detail. Lower portion 230 illustratively comprises an axialy extending body
that is configured to receive axialy extending portion 227 of upper portion 224. Illustratively,
lower portion 230 includes arecess 23 1that receives axially extending portion 227 Lower
portion 230 further includes a circumferential groove 232 extending around an outer
circumference of lower portion 230. Inthe exemplary embodiment shown, circumferential
groove 232 extends 360 degrees about the outer circumference of lower portion 230.

[0084] Circumferential groove 232 is configured to distribute or deliver coolant from a
coolant reservoir to nozzle 310. More specificaly, upper portion 224 of mounting adapter 222
includes at least one pickup hole 229 for routing coolant to nozzle 310. In the exemplary
embodiment shown, upper portion 224 includes two pickup holes 229. Pickup holes 229 are
sized and configured to couple to one or more coolant conduits coupled to the coolant reservoir.
Asshown in FIGs. 27 and 28, pickup holes 229 areillustratively positioned on an outer
circumferential edge of upper portion 224. This alows for the delivery of coolant from the
coolant reservoir to dynamic coolant delivery system 200 when, for example, the coolant conduit
or conduits are routed externally of spindle head 120. In an alternative embodiment, the conduit
or conduits may be routed internally of spindle head 120. Pickup holes 229 are fluidly coupled to
circumferential groove 232 through aplurality of internal fluid passageways 234a, 234b of upper
portion 224 and lower portion 230, respectively.

[0085] In the exemplary embodiments shown in FIGs. 28 and 29, each of upper portion
224 and lower portion 230 also includes arecess 228, 233 configured to receive, for example, the
control wires for an additive tool, such asan extruder, that may be coupled to spindle 125. In the
exemplary embodiment shown, recesses 228, 233 comprise a channel extending parallel to
platform axis 271. Recess 228 isoriented radialy away from platform axis 271, and recess 233 is
orientated radially toward platform axis 271. In this way, the control wires may be routed from
radialy outside mounting adapter 222 to radially inside mounting adapter 222 to the additive
tool.

[0086] Referring now to FIGs. 32 and 33, housing 220 further includes a hub 240
surrounding mounting adapter 222. Hub 240 comprises agenerally donut-shaped body adapted
to receive lower portion 230 of mounting adapter 222. Specifically, lower portion 230 of

mounting adapter 222 isrotatably coupled to an internal circumference of hub 240. Illustratively,
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abearing 247, a seal 248, and a seal backing plate 249 are positioned axially and radially
intermediate lower portion 230 of mounting adapter 222 and hub 240. More specifically, bearing
247, seal 248, and seal backing plate 249 are positioned axially intermediate circumferential
groove 232 and hub 240. Bearing 247 permits relative rotational motion between hub 240 and
mounting adapter 222, while seal 248 provides a sealing surface between hub 240 and mounting
adapter 222. Sea 248 isillustratively ahigh-pressure sea configured to prohibit coolant from
leaking out of circumferential groove 232 between lower portion 230 of mounting adapter 222
and hub 240. Furthermore as shown in FIG. 19, a second seal 250 mirrors seal 248 and is
positioned axially intermediate cover 260 and circumferential groove 232. Seal backing plate
249, illustratively athrust washer, provides seal 248 with a stationary sealing surface and
rotationally decouples seal 248 from bearing 247. A thrust washer 258 isremovably coupled to a
lower portion of hub 240 by aplurality of fasteners 259. Thrust washer 258 rotationally
decouples alight ring 350 (described in more detail below in connection with FIGs. 47 through
52) from hub 240.

[0087] Referring now to FIGs. 21, 22, and 33, hub 240 also rotationally supports gears
274, 294, 314 for rotation about platform axis 271. Spacers 277, 297, 317 are positioned axially
intermediate gears 274, 294, 314 along platform axis 271. Thus, spacer 317 ispositioned axialy
intermediate gears 274, 314, spacer 277 ispositioned axially intermediate gears 274, 294, and
spacer 297 ispositioned axially intermediate gear 297 and platform 270. Moreover, spacers 277,
297, 317 are coupled to a corresponding one of gears 274, 294, 314. More specifically, spacer
277 is coupled to gear 274, spacer 297 is coupled to gear 294, and spacer 317 is coupled to gear
314. Illustratively, gears 274, 294, 314 are fixedly coupled to their respective one of spacers 277,
297, 317 by at least one fastener. Accordingly, spacers 277, 297, 317 are displaced about
platform axis 271 with their corresponding one of gears 274, 294, 314. In addition, each of
spacers 277, 297, 317 includes at least one magnet 252a. lllustratively, magnets 252a are
received within arecess of an outer circumferential edge of spacers 277, 297, 317. Inthe
exemplary embodiment shown in FIG. 33, spacers 277, 297, 317 includes a plurality of magnets
252a equally spaced about an outer circumferential edge of spacers 277, 297, 317. Spacers 277,
297, 317 may also include amagnet 252b that is of greater magnetic strength than magnets 252a.
[0088] Hub 240 is aso adapted to support platform 270 and turret 290. In the exemplary
embodiment shown, platform 270 and gear 274 are fixedly coupled to hub 240. Accordingly, hub
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240 rotates about platform axis 271 with platform 270 following actuation of gear 374. Mounting
adapter 222, however, remains stationary as hub 240 and platform 270 rotate about platform 270
because lower portion 230 of mounting adapter 222 isrotationally decoupled from hub 240.
[0089] Referring specifically to FIGs. 33, 35, and 36, hub 240 also includes aturret
recess 241 configured to rotatably support turret 290 for rotation about turret axis 291. Turret
recess 241 islocated opposite cover 260 and isfluidly coupled to circumferential groove 232. As
best shown in FIGs. 44 through 46, hub 240 illustratively includes afluid passageway 246
fluidly coupling aturret coolant reservoir 302 of turret 290 and circumferential groove 232.
Thus, fluid passageway 246 permits coolant to be transferred from circumferential groove 232 to
turret 290 from any angular position as platform 270 and hub 240 rotate together about platform
axis 271.

[0090] Asbest shown in FIG. 37, turret recess 241 includes a seating shoulder 242
against which a seating flange 309 of turret 290 (see FIG. 39) abuts when turret 290 isreceived
within turret recess 241. Asaresult, the insertion depth of turret 290 into turret recess 241 is
controlled, and engagement features 301 of turret 290 can engage the inner engagement features
296 of gear 294. Referring back to FIG. 33, abearing 243, a seal 244, and a sea backing plate
245 are received inturret recess 241 intermediate turret 290 and hub 240. Bearing 243 permits
relative rotational motion between turret 290 and hub 240, while seal 244 provides a sealing
surface between turret 290 and turret recess 241. Seal 244 isillustratively ahigh-pressure seal
configured to prohibit coolant from leaking between turret 290 and turret recess 241. Sed
backing plate 245, illustratively athrust washer, provides seal 244 with a stationary sealing
surface and rotationally decouples seal 244 from bearing 243.

[0091] Turning now to FIG. 38, cover 260 is shown in more detail. Inthe exemplary
embodiment shown, cover 260 comprises a generally ring-shaped body. More specificaly, cover
260 illustratively includes an opening 261 sized and shaped to receive at least a portion of upper
portion 224 of mounting adapter 222. Thus, opening 261 is generally coaxial with platform axis
271. Cover 260 further includes a motor mounting flange 262 adapted to fixedly support
electrical motors 237a, 2383, 239%a. For example, motor mounting flange 262 includes a plurality
of motor drive shaft apertures 263 that permit arespective one of drive shafts 237b, 238b, 239b
to pass through. Accordingly, cover 260 ismounted axially intermediate electrical motors 2373,
238a, 239a and spur gears 237c, 238c, 239c along platform axis 271.
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[0092] Referring back to FIGs. 14, 15, and 22, motor mounting flange 262 is
illustratively further adapted to support aplurality of sensors 265. Sensors 265 are supported
within aframe 264 coupled to motor mounting flange 262. Sensors 265 are configured to detect
the magnetic fields of the magnets 252a, 252b supported within spacers 277, 297, 317. For
example, sensors 265 are illustratively reed switches or Hall effect sensors. In another
embodiment, sensors 265 may comprise electro-optical sensors, linear encoders, or position
sensors that permit measurement of the displacement of gears 274, 294, 314 about platform axis
271.

[0093] In the exemplary embodiment shown, dynamic coolant delivery system 200
comprises sensors 265a, 265b, 265c. Sensor 265a is positioned to detect the magnetic field of
magnets 252a, 252b of spacer 317, sensor 265b is positioned to detect the magnetic field of
magnets 252a, 252b of spacer 277, and sensor 265c¢ is positioned to detect the magnetic field of
magnets 252a, 252b of spacer 297. Because spacers 277, 297, 317 are fixedly coupled to a
respective one of gears 274, 294, 314, sensors 265a, 265b, 265¢c may be used to measure a
rotational speed or an angular position of gears 274, 294, 314 relative to platform axis 271.
Moreover, sensors 265a, 265b, 265¢c may be used to measure aneutral or home position of gears
274, 294, 314. For example, magnets 252b, which in the exemplary embodiment shown have a
greater magnetic field strength than magnets 2524, illustratively correspond to an angular
position of gears 274, 294, 314 about platform axis 271 that isaneutral or home position of
platform 270, turret 290, and nozzle 310 about their respective axes of rotation (see, for example,
FIG. 57). Therefore as shown in FIG. 22, platform 270, turret 290, and nozzle 310 will beinthe
neutral position when magnets 252b are aligned with sensors 265a, 265b, 265c. Accordingly,
sensors 265a, 265h, 265¢c may be used to orient platform 270, turret 290, and nozzle 310 to this
home position.

[0094] Referring back to FIG. 18, at least one grease fitting 267 is coupled to cover 260.
In the exemplary embodiment shown, two grease fittings 267 are coupled to cover 260. Grease
fittings 267 are fluidly coupled to hub 240 to deliver lubrication to the internal operative
components of dynamic coolant delivery system 200. More specificaly, at least one of grease
fittings 267 isfluidly coupled to alubrication reservoir 253 of hub 240. Lubrication reservoir 253
is configured to disperse lubrication to at least thrust washer 258. Lubrication illustratively

comprises afluid designed to reduce friction between surfaces.

17



WO 2020/041416 PCT/US2019/047421

[0095] Referring now to FIG. 33, platform 270 is shown in more detail. In the exemplary
embodiment shown, platform 270 comprises two generally hemispherically-shaped plates 278a,
278b. In an alternative embodiment, platform 270 may comprise aunitary body. Illustratively,
platform 270 isfixedly coupled to hub 240 opposite cover 260. More specifically, platform 270
isconfigured to receive at least one fastener 281 for coupling platform 270 to hub 240. In
addition, each of plates 278a, 278b includes arelief 282a, 282b configured to permit turret 290 to
freely rotated about turret axis 291. To that end, dynamic coolant delivery system 200 includes a
bearing 283, illustratively athrust washer, positioned intermediate turret 290 and platform 270 to
permit relative motion between turret 290 and platform 270.

[0096] Turning now to FIGs. 39 through 43, turret 290 and nozzle 310 are shown in more
detail. Turret 290 includes aturret body 300 having engagement features 301 and aturret coolant
reservoir 302. Engagement features 301 extend radially outwardly from turret coolant reservoir
302 and are generally orthogonal toturret axis 291. Engagement features 301 are configured to
engage inner engagement features 296 of gear 294.

[0097] As shown in FIGs. 40 through 43, turret body 300 also includes anozzle arm 304
extending axially away from turret coolant reservoir 302 and parallel to turret axis 291. Nozzle
arm 304 is adapted to pivotally support nozzle 310 and to provide afluid path from turret coolant
reservoir 302 to nozzle 310. Inthe exemplary embodiment shown, nozzle arm 304 includes an
aperture 305 for receiving nozzle 310. Illustratively, aperture 305 is orientated generally
perpendicular to turret axis 291 and is coaxia with nozzle axis 311. Nozzle arm 304 also
includes an aperture 306 sized and configured to receive afirst coupling 333 of anozzle conduit
332 in fluid communication with nozzle 310. Aperture 306 and nozzle conduit 332 form afluid
passageway from turret coolant reservoir 302 to nozzle 310. In an aternative embodiment, turret
coolant reservoir 302 may include aperture 306 rather than nozzle arm 304.

[0098] Nozzle 310 ispivotally coupled to nozzle arm 304 of turret 290 and includes a
nozzle base 320 configured to releasably support anozzle tip 330. Nozzle base 320 is adapted to
pivotally couple to nozzle arm 304. In the exemplary embodiment shown, abushing 321 is
received within aperture 305 of nozzle arm 304. Bushing 321 isrotatably coupled to nozzle base
320 and secured within aperture 305 for pivoting about nozzle axis 311by awasher 322 and a
fastener 323. Nozzle base 320 includes apin 324 dlideably secured in a slot 325 with abacking
plate 326 and afastener 327. The location of slot 325 is offset from nozzle axis 311. Nozzle base
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320 aso includes an aperture 328 sized and configured to receive a second coupling 334 of
nozzle conduit 332.

[0099] Nozzle tip 330 isreceived within anozzle tip opening 329 of nozzle base 320.
Nozzle tip opening 329 isin fluid communication with aperture 328 of nozzle base 320.
Referring momentarily back to FIG. 39, nozzle tip 330 includes at least one outlet orifice 331
sized and shaped to disperse coolant in a predetermined pattern. Nozzle tip 331is
interchangeable with off-the-shelf nozzle tips having varying spray patterns, for example, a solid
stream, anarrow dispersion hollow cone, awide dispersion hollow cone, afull cone, a spira full
cone, or aflat fan. An advantage, among others, of an interchangeable nozzle tip 330 isthat the
stream of coolant delivered to the cutting tool or the workpiece may be customized for the
specific manufacturing process for which CNC machine 100 isto be used.

[0100] Asshown in FIG. 40, first coupling 333 iscoupled to afirst end of nozzle conduit
332. Nozzle conduit 332 also includes a second coupling 334 coupled to a second end of nozzle
conduit 332. The second end of nozzle conduit 332 is opposite the first end. Illustratively,
couplings 333, 334 are threadably received within apertures 306, 328, respectively. In other
embodiments, couplings 333, 334 may be coupled to apertures 306, 328 in several ways, for
example, with push-to-pull compression fittings, quick connect fittings, twist-lock fittings, or
barbed fittings. In another embodiment, apertures 306, 328 may instead comprise protrusions
configured to be, for example, threadably received within couplings 333, 334.

[0101] In the exemplary embodiment shown, nozzle conduit 332 comprises aflexible
hose routed externally of nozzle 310. In an alternative embodiment, nozzle conduit 332 may
comprise an internal passageway between turret coolant reservoir 302 and nozzle 310. Therefore
in some embodiments, nozzle conduit 332 may be routed internally through nozzle arm 304 of
turret body 300.

[0102] Referring now to FIGs. 44 through 46, pin 324 pivotally couples alinkage 336 to
nozzle base 320. Inturn, linkage 336 is coupled to a carriage 340 that is supported within helical
groove 318 of gear 314. Carriage 340 illustratively includes a protrusion that isreceived within
helical groove 318. In the exemplary embodiment shown, linkage 336 comprises an elongated
member rotatably coupled to carriage 340 at afirst end 337 of linkage 336 and pivotally coupled

to nozzle 310 at a second end 338 opposite first end 337. For example, second end 338 of linkage
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336 includes an aperture that receives pin 324. Therefore, linkage 336 will rotate about turret
axis 291 when turret 290 and nozzle 310 rotate about turret axis 291.

[0103] In addition, linkage 336 isillustratively coaxia with and moves aong turret axis
291. Asaresult, linkage 336 passes through a central portion of turret body 300. Accordingly,
turret body 300 includes an axially lower opening 308 that permits linkage 336 to pass through
turret body 300. Turret body 300 includes at least one seal 307 configured to sea axialy lower
opening 308 in turret body 300. Seal 307 provides a sealing interface with linkage 336 in order to
prohibit at least some coolant from escaping from turret coolant reservoir 302.

[0104] Carriage 340 and linkage 336 cooperate to transform relative rotational motion of
gear 314 about platform axis 271 into pivotal motion of nozzle 310 about nozzle axis 311. More
specifically, carriage 340 isfixed with respect to its location on hub 240. Therefore, when either
gear 314 rotates about platform axis 271 relative to gear 374, or gear 374 rotates about platform
axis 271 relative to gear 314, relative motion is developed between gears 374, 314. Asaresult,
there isrelative motion between helical groove 318 of gear 314 and carriage 340. The contour of
helical groove 318 displaces carriage 340 in axial directions 341, 342.

[0105] Displacement of carriage 340 in axia directions 341, 342 results in similar
displacement of linkage 336 in axial directions 341, 342. When linkage 336 is displaced in axial
directions 341, 342, linkage 336 acts upon pin 324 and nozzle base 320. For example, when
linkage 336 isdisplaced in axia direction 342, linkage 336 presses pin 324 axialy away from
hub 240. Similarly, when linkage 336 is displaced in axia direction 341, linkage 336 pulls pin
324 axialy toward hub 240. Because pin 324 is offset from nozzle axis 311, linkage 336 pressing
or puling pin 324 results in nozzle base 320 pivoting about nozzle axis 311. Thus when carriage
340 and linkage 336 are displaced in axia direction 342, nozzle 310 pivots about nozzle axis 311
in direction 313 (see FIG. 54). Correspondingly when carriage 340 and linkage 336 are displaced
in axial direction 341, nozzle 310 pivots about nozzle axis 311in direction 312 (see FIG. 54).
FIGs. 44 through 46 illustrate a sequential axial displacement of carriage 340 and linkage 336
and the subsequent pivoting of nozzle 310 about nozzle axis 311.

[0106] Turning now to FIGs. 47 through 52, dynamic coolant delivery system 200
includes alight source capable of illuminating a least one of the cutting tool or the workpiece. In
the exemplary embodiment, light source illustratively comprises alight ring 350 removably

coupled to housing 220 adjacent platform 270. Illustratively, light ring 350 isremovably coupled
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to thrust washer 258. Light ring 350 has agenerally circular body 351 of similar diameter to
central opening 210. Tothat end, light ring 350 isillustratively arranged coaxia with platform
axis 271. Body 351 illustratively includes aplurality of apertures 352 configured to receive a
fastener 353 for removably coupling light ring 350 to lower portion 230 of mounting adapter
222. In an dternative embodiment, body 351 may include at least one locking tab or snap fitting
configured to engage at least one mating connector, such as asdlot, coupled to housing 220. In
some embodiments, light ring 350 isintegrally formed with housing 220.

[0107] Body 351 illustratively has a generally U-shaped transverse cross-section and
includes arecess 354 similar to recesses 228, 233. That is, recess 354 isangularly aligned with
recesses 228, 333 relative to platform axis 271 and isconfigured to receive, for example, the
control wires for an additive tool. In addition, control or power cables for light ring 350 may be
routed through recess 354. Inthe exemplary embodiment shown, light ring 350 includes a
plurality of light sources 356, illustratively light emitting diodes (“LEDS’), coupled to body 351.
Light sources 356 are spaced equally and circumferentially about platform axis 271. Each of
light sources 356 is electrically coupled to aprinted circuit board (“PCB”) 358 received and
supported within body 351. PCB 358 may include a controller configured to control, for
example, the brightness of light sources 356. Light ring 350 further includes a gasket 360
received and supported within body 351. Inthe exemplary embodiment shown, PCB 358 is
positioned intermediate light sources 363 and gasket 360. Gasket 360 provides a seal between
housing 220 and PCB 358 in order to protect PCB 358 from, for example, coolant and swarf
during operation. Asshown in FIG. 47, gasket 360 interfaces with an axially lower surface of
thrust washer 258 to provide a seal. Gasket 360 may also electrically insulate PCB 358.

[0108] In an aternative embodiment, the light source may comprise at least one spotlight
having aplurality of LEDs coupled to the housing 220. In another embodiment, the light source
may be coupled to platform 270. In afurther embodiment, the light source isprovided asan
accessory to dynamic coolant delivery system 200. Accordingly, dynamic coolant delivery
system 200 may include aremovable trim piece where light source couples to housing 220.
[0109] Dynamic coolant delivery system 200 may be communicatively coupled to an
independent control console or to control console 102. Thus in one embodiment, platform 270,
turret 290, and nozzle 310 may berotated about their respective axis in response to a control

signal from the independent control console. In another embodiment, platform 270, turret 290,
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and nozzle 310 may be rotated about their respective axes in response to a control signal from
CNC machine 100. In avariation of this later embodiment, CNC machine 100 may unilaterally
control dynamic coolant delivery system 200. That is, platform 270, turret 290, and nozzle 310
may be dynamically repositioned or actuated about their respective axes based on, for example,
the type or shape of cutting tool, the cutting path or current motion vector of the cutting tool, or
the type of manufacturing process being employed (e.g., pocket milling, side milling, extruding,
etc.).

[0110] The operation of dynamic coolant delivery system 200 during operation of CNC
machine 100 isdiscussed in detail with reference to FIGs. 8, 9, and 53 through 57. As discussed
previously herein in connection with FIGs. 8 and 9, platform 270 isrotatable about platform axis
271, turret 290 isrotatable about turret axis 291, and nozzle 310 is pivotable about nozzle axis
311. Inthe exemplary embodiment shown, turret axis 291 isillustratively spaced radially apart
from and substantially parallel to platform axis 271. Additionally, nozzle axis 311isnon-parallel
to either of platform axis 271 or turret axis 291. In the exemplary embodiment shown, nozzle
axis 311isorthogonal to each of platform axis 271 and turret axis 291 . The movement of
platform 270, turret 290, and nozzle 310 about their respective axes is due to the actuation of
gears 374, 394, 314 about platform axis 271. Furthermore, gears 374, 394, 314 are independently
actuable about platform axis 271. For example, turret 290 may berotated about platform axis
271 without turret 290 rotating about turret axis 291.

[0111] FIG. 53 diagrams atrgjectory 279 of turret 290 about platform axis 271 in
directions 272, 273. Turret 290 is aso rotatable about turret axis 291 in directions 292, 293. In
the view shown in FIG. 53, directions 272, 292 may be considered clockwise and directions 273,
293 may be considered counterclockwise about their respective axes. Turret 290 is orientated
such that nozzle 310 and arespective coolant stream 380 (illustrated in broken line) points
toward a cutting tool 390 (illustrated in broken line).

[0112] FIG. 54 diagrams the pivoting of nozzle 310 about nozzle axis 311in directions
312, 313. Inthe view shown in FIG. 54, direction 312 may be considered upward (or clockwise)
and direction 313 may be considered downward (or counterclockwise) about nozzle axis 311.1n
addition, cutting tool 390 illustratively includes an axial extent 391 extending along a
longitudinal axis of cutting tool 390. In the exemplary embodiment shown in FIG. 54, the

longitudinal axis of cutting tool 390, illustratively axis 129, and platform axis 271 are coaxial.
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[0113] During startup of the manufacturing process, dynamic coolant delivery system
200 may be adjusted so asto return platform 270, turret 290, and nozzle 310 to the orientation
shown in FIGs. 53 and 57. This orientation may illustratively be the neutral or home orientation
of dynamic coolant delivery system 200. In order to return platform 270, turret 290, and nozzle
310 to this neutral orientation, gears 374, 394, 314 are rotated about platform axis 271 until
sensors 265a, 265b detect a magnetic field strength corresponding to magnets 252b positioned
radially adjacent sensors 265a, 265b. Because gears 374, 394, 314 are capable of rotating about
platform axis 271 independently of one another, gears 374, 394, 314, and therefore magnets
252b, may be angularly displaced about platform axis 271 a different locations. Thus, gears 374,
394, 314 may stop rotating about platform axis 271 at different times relative to one another
during the return to the neutral orientation.

[0114] From the above description of exemplary operations of dynamic coolant delivery
nozzle 200, it isunderstood that articulation of platform 270, turret 290, and nozzle 310 about
their respective axesisillustratively controlled by the rotation of gears 374, 394, 314 about
platform axis 271. Tothis end, the relative motion of gears 374, 394, 314 with respect to one
another determines the rotation of platform 270, turret 290, and nozzle 310 about their respective
axes. For example, if gears 374, 394, 314 are each rotating about platform axis 271 at the same
rotational speed (i.e., the relative motion between gears 374, 394, 314 iszero), turret 290 and
nozzle 310 will rotate about platform axis 271. Turret 290 and nozzle 310, however, will not
rotate about turret axis 291 asthere isno relative motion between gears 374, 394. Thus, nozzle
310 will continue to point in itsinitial direction asit rotates about platform axis 271. For
example, if nozzle 310 was initially pointed at cutting tool 390, then nozzle 310 will remain
pointed at cutting tool 390 while it rotates about platform axis 271. Furthermore if there isno
relative motion between gears 374, 314, then nozzle 310 will not pivot about nozzle axis 311.
Instead, carriage 340 will remain in the same spot in helical groove 318 as gear 314 rotates about
platform axis 271.

[0115] In order for turret 290 and nozzle 310 to rotate about turret axis 291, relative
motion must be developed between gears 274, 294. Similarly, relative motion between gears
274, 314 isrequired in order for nozzle 310 to pivot about nozzle axis 311. Relative motion
between gears 374, 394, 314 may develop regardless of the one of gears 374, 394, 314 that
rotates about platform axis 271. That is, nozzle 310 may pivot about nozzle axis 311if gear 314
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rotates about platform axis 271 and gear 274 remains stationary, if gear 274 rotates about
platform axis 271 and gear 314 remains stationary, or if gear 314 rotates about platform axis 271
a adifferent rotational speed than gear 274 rotates about platform axis 271. Thus, the
development of the relative motion between gears 374, 394, 314 will be based on the desired
articulation of platform 270, turret 290, and nozzle 310.

[0116] In addition, the direction in which gears 374, 394, 314 rotate about platform axis
271 controls the direction platform 270, nozzle 310, and turret 290 rotate about platform axis
271. For example, if gears 374, 394, 314 rotate counterclockwise together about platform axis
271 with zero relative motion, then turret 290 and nozzle 310 will rotate counterclockwise about
platform axis 271. Similarly, if gears 374, 394, 314 rotate clockwise together about platform axis
271 with zero relative motion, then turret 290 and nozzle 310 will rotate clockwise about
platform axis 271. In an aternative embodiment, the direction platform 270, turret 290, or nozzle
310 rotates about their respective axis is opposite the direction that gears 374, 394, 314 rotate
about platform axis 271.

[0117] Relative motion between gears 274, 314 will result in nozzle 310 pivoting in
directions 312, 313 asgears 274, 314 rotate about platform axis 271. Thisisaresult of the
helical nature of helical groove 318. Asaresult, the initial direction that nozzle 310 pivots in
response to relative motion between gears 274, 314 is dependent upon the initial location of
carriage 340 in helical groove 318 and the direction of rotation of gears 274, 314 about platform
axis 271. In order to maintain a certain angular orientation of nozzle 310 with respect to nozzle
axis 311, there must be zero relative motion between gears 274, 314 once that angular orientation
has been achieved.

[0118] FIG. 55 illustrates afirst orientation 201 and a second orientation 202 (illustrated
in broken line) of turret 290 and nozzle 310 relative to cutting tool 390. First and second
orientations 201, 202 are examples of possible orientations of turret 290 and nozzle 310 relative
to cutting tool 390 and are not the only possible orientations of turret 290 and nozzle 310.
Moreover, the actuations of turret 290 and nozzle 310 described in connection with FIG. 55 are
examples of possible actuations and not the only possible actuations of turret 290 and nozzle
310.

[0119] First orientation 201 isdefined by an angular position of turret 290 and nozzle

310 with respect to platform axis 271. In the exemplary embodiment shown, nozzle 310 is
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pointed at cutting tool 390 in first orientation 201. Therefore, nozzle 310 is capable of delivering
coolant to afirst axial location of cutting tool when turret 290 and nozzle 310 arein first
orientation 201.

[0120] Turret 290 and nozzle 310 are displaced along trajectory 279 in direction 273 to
second orientation 202 when gears 274, 294, 314 rotate counterclockwise about platform axis
271 with zero relative motion. Second orientation 202 isangularly displaced from first
orientation 201 with respect to platform axis 271. Because there is zero relative motion between
gears 274, 294, 314 asthey rotate counterclockwise about platform axis 271, nozzle 310 will
remain pointed at cutting tool 390 and capable of delivering coolant to the first axial location of
cutting tool when turret 290 and nozzle 310 are traversing to second orientation 202. Thus,
nozzle 310 will track cutting tool 390 throughout its rotation about platform axis 271. An
advantage, among others, of having nozzle 310 track cutting tool 390 isthat coolant can be
continuously supplied to cutting tool 390. Moreover, nozzle 310 is capable of delivering coolant
tothe first axial location of cutting tool 390 when turret 290 and nozzle 310 are in second
orientation 202. In some embodiments, turret 290 and nozzle 310 are cyclically rotated
counterclockwise and clockwise about platform axis 271 or between first orientation 201 and
second orientation 202 in order to provide a sweeping delivery of coolant to cutting tool 390. In
order to cyclically rotate turret 290 and nozzle 310, gears 274, 294, 314 are likewise cyclicaly
rotated counterclockwise and clockwise about platform axis 271 with zero relative motion.
[0121] In avariation of the orientations shown in FIG. 55, relative motion between gears
274, 294 and gear 314 occurs as gears 274, 294 rotate about platform axis 271 with zero relative
motion from first orientation 201 to second orientation 202. Asaresult, nozzle 310 will pivot
about nozzle axis 311to deliver coolant to a second axia location of cutting tool 390. The
second axial location of cutting tool 390 is spaced axially apart from the first axial location along
axial extent 391 of cutting tool 390. In such an embodiment, turret 290 and nozzle 310 are
rotating about platform axis 271 and nozzle 310 is pivoting about nozzle axis 311
simultaneously. Alternatively, nozzle 310 may be pivoted about nozzle axis 311 only when turret
290 and nozzle 310 arein either first orientation 201 or second orientation 202. In some
embodiments, nozzle 310 may be cyclically pivoted about nozzle axis 311in order to
continuously deliver coolant along at least aportion of axial extent 391 or between the first axial

location and the second axial location of cutting tool 390.
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[0122] FIG. 56 illustrates afirst orientation 211 and a second orientation 212 (illustrated
in broken line) of turret 290 and nozzle 310 relative to cutting tool 390 having an outer diameter
394. First and second orientations 211, 212 are examples of possible orientations of turret 290
and nozzle 310 relative to turret axis 291 and are not the only possible orientations of turret 290
and nozzle 310. Moreover, the actuations of turret 290 and nozzle 310 described in connection
with FIG. 56 are examples of possible actuations and not the only possible actuations of turret
290 and nozzle 310.

[0123] Cutting tool 390 may comprise avariety of outer diameters. Outer diameter 394
of cutting tool 390 as shown in FIG. 56 isillustratively larger to represent a different outer
diameter of cutting tool 390 than previoudly illustrated. Outer diameter 394 may be dependent
upon the type of cutting tool (e.g., face mill, end mill, etc.) or the manufacturing process (e.g.,
face milling, plunge milling, etc.). It is contemplated that the actuations of turret 290 and nozzle
310 described in connection with FIG. 56 may generally be utilized with any reasonably sized
outer diameter of atool used in additive and subtractive manufacturing processes.

[0124] First orientation 211isdefined by an angular position of nozzle 310 relative to
turret axis 291. In the exemplary embodiment shown, nozzle 310 is pointed at afirst tangential
location of outer diameter 394. Moreover, nozzle 310 is capable of delivering coolant to afirst
axia location of cutting tool 390 when turret 290 and nozzle 310 are in first orientation 211.
Second orientation 212 isangularly displaced from first orientation 211 relative to turret axis
291 . More specifically, turret 290 and nozzle 310 have rotated clockwise about turret axis 291
from first orientation 211to second orientation 212. When turret 290 and nozzle 310 arein
second orientation 212, nozzle 310 is pointed at a second tangential location of outer diameter
394 of cutting tool 390. Thus, nozzle 310 remains capable of delivering coolant to the first axial
location of cutting tool 390 when turret 290 and nozzle 310 are in second orientation 212. Turret
290 and nozzle 310 are rotated clockwise about turret axis 291 when gear 294 isrotated
clockwise about platform axis 271 and gears 274, 314 remain stationary about platform axis 271.
Because gears 274, 314 remain stationary, turret 290 and nozzle 310 do not rotate about platform
axis 271 and nozzle 310 does not pivot about nozzle axis 311.

[0125] In some embodiments, turret 290 and nozzle 310 are cyclically rotated clockwise
and counterclockwise about turret axis 291 or between first orientation 211 and second

orientation 212 in order to provide a sweeping delivery of coolant to cutting tool 394. In order to
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cyclicaly rotate turret 290 and nozzle 310 about turret axis 291, gear 294 islikewise cyclically
rotated clockwise and counterclockwise about platform axis 271 while gears 274, 314 remain
stationary about platform axis 271.

[0126] In avariation of the orientations shown in FIG. 56, nozzle 310 and turret 290 are
rotated about platform axis 271 asdescribed in connection with FIG. 55. In some embodiments,
nozzle 310 and turret 290 are rotated about platform axis 271 and turret axis 291 simultaneously.
Furthermore, nozzle 310 may be pivoted about nozzle axis 311in order to deliver coolant to a
second axial location of cutting tool 390. The second axial location of cutting tool 390 is spaced
axially apart from the first axial location along axial extent 391 of cutting tool 390. In such an
embodiment, turret 290 and nozzle 310 rotate about turret axis 291 and nozzle 310 pivots about
nozzle axis 311 simultaneously. Alternatively, nozzle 310 may be pivoted about nozzle axis 311
only when turret 290 and nozzle 310 are in either first orientation 211 or second orientation 212
of FIG. 56. In some embodiments, nozzle 310 may be cyclically pivoted about nozzle axis 311in
order to continuously deliver coolant along at least a portion of axial extent 391 or between the
first axial location and the second axial location of cutting tool 390.

[0127] The rotation of platform 270, turret 290, and nozzle 310 about their respective
axes may be dependent upon the operation of cutting tool 390, including an effective tool length
393 of cutting tool 390 and the cutting path or current motion vector of cutting tool 390. FIG. 57
illustrates dynamic coolant delivery system 200 coupled to spindle head 120 and cutting tool 390
(illustrated in broken line) rotatably coupled to spindle head 120. A workpiece 109 (illustrated in
broken line) is supported within workspace 108 (not shown), and cutting tool 390 isremoving
material from apocket 111 (illustrated in broken line) in workpiece 109. At least one of spindle
head 120 or workpiece 109 ismovable in directions, X1, X2, directions YI, Y2, and directions
Zl, 72 (see dso FIG. 2).

[0128] Illustratively, the rotation of turret 290 and nozzle 310 about platform axis 271
generally follows the movement of spindle head 120 or workpiece 109 in directions X1, X2 and
directions YI, Y2. More specifically, the rotation of turret 290 and nozzle 310 about platform
axis 271 istied generally tothe cutting path or current motion vector of spindle head 120 or
workpiece 109. For example, if the current motion vector of spindle head 120 isin direction X2,
turret 290 and nozzle 310 may be located in the angular orientation shown in FIG. 57 in order to

supply coolant to aleading edge of the cutting tool 390. If the current motion vector of spindle
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head 120 changes to bein direction XI, each of gears 274, 294, 314 may berotated about
platform axis 271 so that turret 290 and nozzle 310 are located on the opposite side of cutting
tool 390 from the orientation shown in FIG. 57. Tothis end, the circular nature of trgjectory 279
of turret 290 and nozzle 310 about platform axis 271 means that turret 290 and nozzle 310 can be
rotated to an angular orientation that is suitable for a current motion vector comprising, for
example, both X and Y directions.

[0129] The rotational speed of gears 274, 294, 314 about platform axis 271 islargely
dependent on the current motion vector of either spindle head 120 or workpiece 109. For
example, gears 274, 294, 314 may rotate about platform axis 271 at arelatively low rotational
speed when cutting tool 390 is cutting acircle or circular pocket of a sufficiently large diameter
such that the current motion vector isincrementally changing inthe X and Y directions.
Conversely, gears 274, 294, 314 may rotate about platform axis 271 at arelatively high rotational
speed when cutting tool 390 is cutting acircle or circular pocket of a sufficiently small diameter
such that the current motion vector is abruptly changing inthe X and Y directions. In one
embodiment, gears 274, 294, 314 are capable of rotating about platform axis 271 a a maximum
rotational speed of approximately 12 rotations per minute (“RPM”). In another embodiment,
gears 274, 294, 314 are capable of rotating about platform axis 271 a a maximum rotational
speed of approximately 6 RPM.

[0230] In addition, the rotation of turret 290 and nozzle 310 about turret axis 291
generally follows the outer diameter of the tool. Asdescribed above in connection with FIG. 56,
the tool may comprise avariety of outer diameters. Thus, turret 290 and nozzle 310 may rotate
about turret axis 291 in order to provide coolant to atool having alarge outer diameter. In some
embodiments, CNC machine 100 may recognize the type or size of the tool and actuate gears
274, 294, 314 to rotate turret 290 and nozzle 310 about turret axis 291 . In other embodiments, a
user may select the outer diameter of the tool on control console 102 or an independent control
console during the manufacturing process.

[0131] The rotation of the nozzle 310 about nozzle axis 311 generally follows the length
of the tool. Asdescribed above in connection with FIG. 54, the tool may comprise avariety of
tool lengths. Tool length isdefined by the axial extent of the tool along axis 129 available for the
selected manufacturing process. For example, the tool length of the cutting tool may be relatively

short where the cutting tool is designed for face milling. On the other hand, the tool length of the
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cutting tool 390 may berelatively long where cutting tool isdesigned for end milling. FIG. 57
illustrates apossible tool length 392 of cutting tool 390. In order to provide coolant along at least
aportion of tool length 392, nozzle 310 may be pivoted about nozzle axis 311. In some
embodiments, CNC machine 100 may recognize the type or length of the tool and actuate gears
274, 294, 314 to pivot nozzle 310 about nozzle axis 311. In other embodiments, auser may
select the tool length of the tool on control console 102 or an independent control console during
the manufacturing process.

[0132] In addition, nozzle 310 may be rotated about nozzle axis 311 as an effective tool
length of the tool changes. The effective tool length isthe portion of the tool length of the tool
that isaccessible by nozzle 310 during the manufacturing process. For example, the entirety of
tool length 392 of cutting tool 390 may be accessible by nozzle 310 when cutting tool 390 is
used for an exterior subtractive manufacturing process such as side milling. In such a situation,
the effective tool length istool length 392 of cutting tool 390. Alternatively when cutting tool
390 plunges into workpiece 109 during a subtractive manufacturing process such as plunge
milling, the effective tool length of cutting tool 390 decreases. After all, aportion of cutting tool
390, for example, the tip, isobstructed by workpiece 109 as cutting tool 390 plunges into
workpiece 1009.

[0133] FIG. 57 illustrates a possible effective tool length 393 of cutting tool 390. Asthe
effective tool length of the tool changes, the angular extent to which nozzle 310 is pivoted about
nozzle axis 311 may be adjusted according to the current effective tool length of the tool. More
specifically, the angular extent to which nozzle 310 pivots about nozzle axis 311 may decrease as
spindle head 120 moves in direction Z2 and cutting tool 390 begins entering workpiece 109.
Conversdly, as spindle head 120 movies in direction ZI, the angular extent to which nozzle 310
pivots about nozzle axis 311 may increase as cutting tool 390 begins exiting workpiece 109.
[0134] Turning now to FIGs. 58 and 59, an alternative exemplary dynamic coolant
delivery system 400 is shown. Dynamic coolant delivery system 400 is configured to couple to
spindle head 120 of CNC machine 100 (see FIGs. 1and 2) and isfluidly coupled to a coolant
reservoir. Dynamic coolant delivery system 400 is adapted to deliver coolant to at least one of a
tool, such asa cutting tool, coupled to and rotatably supported by spindle head 120 and a
workpiece secured toworking surface 110 (see FIG. 2). Inthe exemplary embodiment shown,

dynamic coolant delivery system 400 travels with spindle head 120 as spindle head 120 moves,
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for example, inthe X1 and the X2 directions, the Y | and the Y 2 directions, or the ZI and Z2
directions.

[0135] Like coolant delivery system 200, dynamic coolant delivery system 400 includes
ahousing 428, aplatform 456, and anozzle 510 supported by platform 456. Platform 456 and
nozzle 510 are rotatable about a platform axis 508 (see FIG. 62), and nozzle 510 is pivotable
about anozzle axis 520 (see FIG. 63). Nozzle axis 520 isillustratively spaced apart from and
non-parallel to platform axis 508. In the exemplary embodiment shown, nozzle axis 520 is
perpendicular to platform axis 508. Platform 456 and nozzle 510 are rotated about platform axis
508 and nozzle 510 is pivoted about nozzle axis 520 to deliver coolant to, for example, at least
one of a cutting tool and aworkpiece.

[0136] Dynamic coolant delivery system 400 illustratively includes a mounting adapter
422 configured to removably couple to mounting flange 128 of lower portion 122 of spindle
head 120. More specifically, mounting adapter 422 includes aplurality of mounting holes 423
that are adapted to releasably couple to, for example, amounting bolt of mounting flange 128. In
the exemplary embodiment shown, mounting adapter 422 includes four mounting holes 423; it is
contemplated, however, that more or fewer than four mounting holes 423 may be used to couple
dynamic coolant delivery system 400 to spindle head 120. In another embodiment, dynamic
coolant delivery system 400 isintegrally coupled to spindle head 120 to form a single piece
construction. In another embodiment, dynamic coolant delivery system 400 is coupled to a
stationary portion of CNC machine 100 within, for example, workspace 108. In a further
embodiment, mounting adapter 422 isintegrated with spindle head 120. An advantage, among
others, of mounting adapter 422 isthat dynamic coolant delivery system 400 remains stationary
relative to spindle head 120 while a cutting tool (not shown) coupled to spindle 125 rotates about
axis 129 during the manufacturing process.

[0137] Dynamic coolant delivery system 400 includes acentral opening 410 defined at
least in part by mounting adapter 422. Central opening 410 is sized and configured to allow a
plurality of additive and subtractive tools supported by spindle head 120 to pass through during,
for example, the manufacturing process or the interchanging of tools with spindle 125. Central
opening 410 illustratively comprises agenerally circular shape and is concentric with axis of
rotation 129 of spindle head 120 when dynamic coolant delivery system 400 is mounted to
spindle head 120. Further, central opening 410 is concentric with platform axis 508.
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[0138] Mounting adapter 422 is supported by atop plate 424, which is configured to
couple to acover 426. Top plate 424 and cover 426 cooperate to define housing 428 of dynamic
coolant delivery system 400. Top plate 424 has a generally planar profile and includes an upper
surface 430 and alower surface 432 (see FIG. 65) opposite the upper surface 430. As shownin
FIG. 61, cover 426 includes an exterior surface 434 and interior surface 436. When cover 426 is
coupled to top plate 424, exterior surface 434 of cover 426 and upper surface 430 of top plate
424 define an exterior of housing 428, and interior surface 436 of cover 426 and lower surface
432 of top plate 424 define an interior of housing 428. Like top plate 424, cover 426 includes an
opening 448 that is concentric with opening 438 of top plate 424 when cover 426 is coupled to
top plate 424.

[0139] Turning now to FIGs. 62 and 63, top plate 424 includes an opening 438 that
receives and supports mounting adapter 422. More specifically, mounting adapter 422 includes a
flange 440 that rests on upper surface 430 of top plate 424 when received within opening 438 of
top plate 424. Upper surface 430 also supports a conduit 442 arranged generally perpendicular to
mounting adapter 422. Conduit 442 is sized and configured to route one or more electrical wires
from the exterior of housing 428 to an interior of housing 428. Mounting adapter 422 includes a
channel or relief 444 configured to receive a least one electrical wire from conduit 442. Top
plate 424 aso includes a coupler or fitting 446 configured to couple to afluid conduit or tubing
fluidly coupled to a coolant reservoir.

[0140] Referring now to FIGs. 62, 63, and 65, dynamic coolant delivery system 400
further includes a sleeve assembly 450 coupled to top plate 424. Sleeve assembly 450 isaring-
shaped cylinder that further defines central opening 410 of dynamic coolant delivery system 400.
Sleeve assembly 450 comprises abearing retainer 452, alower mount 454, platform 456, and a
light ring 458. Lower mount 454 isring-shaped and isremovably coupled to top plate 424 using
at least one fastener 460. Lower mount 454 includes an upper shoulder 462 configured to support
alower ring 464. Lower ring 464 includes atop 466, abottom 468, and aradialy exterior
bearing surface 470 positioned intermediate top 466 and bottom 468. Positioned adjacent top 466
of lower ring 464 is an upper bearing 472 that rests on upper shoulder 462 of lower mount 454.
Bearing retainer 452 is coupled to top 466 of lower ring 464 to axially retain upper bearing 472
on upper shoulder 462. Positioned adjacent bottom 468 is alower bearing 474 that rests against a

lower flange 476 of lower mount 454. Inthe exemplary embodiment shown, lower ring 464
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includes alip 478 on which lower bearing 474 rests. Lip 478 also axially retains bearing 474
against lower flange 476. Bearings 472, 474 permits relative motion between lower ring 464 and
lower mount 454. In another embodiment, either of bearings 472, 474 may be integrally formed
with lower ring 464 to form a one-piece construction.

[0141] Lower ring 464 also includes aradially outwardly extending flange 480 opposite
lip 478. A radially outer edge of flange 480 includes aplurality of engagement features 482,
illustratively gear teeth. An upper surface 486 of flange 480 supports an upper ring 488, which is
rotatable relative to flange 480. Upper ring 488 includes an axially extending portion 490 and a
radially extending portion 492. A radially inner surface of radialy extending portion 490
includes ahelical shoulder or surface 496, which may ride against bearing surface 470 of lower
ring 464. A radially outer edge of axially extending portion 490 includes aplurality of
engagement features 502, illustratively gear teeth.

[0142] Referring now to FIGs. 63 and 64, platform 456 isfixedly coupled to bottom 468
of lower ring 464. In the exemplary embodiment shown, platform 456 isgeneraly ring-shaped
and comprises two semicircular arcs 506a, 506b. Because platform 456 isfixedly coupled to
lower ring 464, platform 456 is capable of rotating with lower ring 464 about platform axis 508.
In the exemplary embodiment shown, platform axis 508 is coaxial with axis 129 of spindle head
120 when dynamic coolant delivery system 400 is coupled to spindle head 120.

[0143] Referring back to FIGs. 62 and 63, dynamic coolant delivery system 400 includes
anozzle 510 pivotally supported by platform 456 by a clevis mount 513. Nozzle 510 includes a
nozzle body 512, anozzle tip 514, and an actuator shaft 516. A proximal portion of nozzle body
512 ispivotally mounted to clevis mount 513 using, for example, apin or axle. Clevis mount 513
permits nozzle 510 to pivot about nozzle axis 520, aswill be described in more detailed herein.
Nozzle tip 514 isthreadably received within an aperture of adistal portion of nozzle body 512
and includes at least one outlet orifice sized and shaped to disperse coolant in a predetermined
pattern. Nozzle tip 514 isinterchangeable with off-the-shelf nozzle tips having varying spray
patterns, for example, asolid stream, anarrow dispersion hollow cone, awide dispersion hollow
cone, afull cone, aspiral full cone, or aflat fan. An advantage, among others, of an
interchangeable nozzle tip 514 isthat the stream of coolant delivered to the cutting tool or the
workpiece may be customized for the specific manufacturing process for which CNC machine

100 isused. When coupled to nozzle body 512, nozzle tip 514 isin fluid communication with a
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coolant reservoir. In the exemplary embodiment shown, a coolant tube 522 is coupled a distal
portion of nozzle body 512, which isin fluid communication with nozzle tip 514. In another
embodiment, coolant may be routed to nozzle 510 internally through, for example, sleeve
assembly 450.

[0144] Actuator shaft 516 includes abase 524 and a distal end 526 opposite base 524.
Distal end 526 of actuator shaft 516 is coupled to an arcuately shaped linkage 528, which is
fixedly coupled to nozzle body 512. Base 524 supports abearing 530, which is sized and shaped
torest against helical surface 496 of upper ring 488. In the exemplary embodiment shown, a
biasing member 532, illustratively ahelical compression spring, is positioned between base 524
of actuator shaft 516 and lower surface 432 of top plate 424. Biasing member 532 applies a
biasing force against base 524 of actuator shaft 516 to maintain engagement of bearing 530
against helical surface 496 of upper ring 488.

[0145] Asaresult of bearing 530 engaging surface 496, actuator shaft 516 isvertically
displaceable in directions 534, 536 depending upon the position of bearing 530 on helical surface
496 of upper ring 488. More specifically, actuator shaft 516 isvertically displaced in direction
534 (e.g., upward) asbearing 530 trends in direction 534 toward the highest vertical position of
helical surface 496. Similarly, actuator shaft 516 isvertically displaced in direction 536 (e.g.,
downward) asbearing 530 trends in direction 534 toward the lowest vertical position of helical
surface 496. In the exemplary embodiment shown, axial displacement of actuator shaft 516 in
directions 534, 536 isgeneraly parallel to platform axis 508. When actuator shaft 516 is
displaced in direction 534, nozzle 510 pivots about nozzle axis 520 in adirection 540. Similarly,
displacement of actuator shaft 516 in direction 536 results in nozzle 510 pivoting above nozzle
axis 520 in a direction 538.

[0146] Referring now to FIGs. 62, 64, and 65, dynamic coolant delivery system 400
further includes a motor mounting bracket 542 coupled to lower surface 432 of top plate 424.
Motor mounting bracket 542 supports aplurality of motors 544, illustratively motors 544a, 544b,
which are sized and configured to rotate arespective one of upper ring 488 and lower ring 464.
Motors 544a, 544b areillustratively brushless DC electric motors, for example, stepper motors,
contained within housing 428. Each of electrical motors 544a, 544b are illustratively in electrical

communication with apower source and a controller.
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[0147] Motors 544a, 544b are operatively coupled to a respective one of upper ring 488
and lower ring 464. More specifically, a belt 548 operatively couples motor 544a to lower ring
464, and a belt 550 operatively couples motor 544b to upper ring 488. Each of motors 544a,
544b includes a pulley 546 fixedly coupled to a motor shaft extending from a respective one of
motors 544a, 544b. Thus, actuation of motors 544a, 544b results in the respective one of pulleys
546 rotating. Pulleys 546 include a plurality of engagement features 552, illustratively gear teeth,
configured to engage a respective one of belts 548, 550. Similarly, engagement features 502 of
upper ring 488 (see FIG. 63) and engagement features 482 of lower ring 464 (see FIG. 63) are
configured to engage a respective one of belts 548, 550. Thus, motors 544a, 544b are drivingly
coupled to a respective one of motors 544a, 544b. In the exemplary embodiment shown, belts
548, 550 comprise teethed timing belts. An advantage, among others, of teethed timing belts 548,
550 is that belts 548, 550 will not slip relative to pulleys 546. Instead, belts 548, 550 positively
engage pulleys 546. It is contemplated, however, that belts 548, 550 could comprise a different
type of belt.

[0148] The gear ratios therebetween and the size of motors 544a, 544b, pulleys 546,
lower ring 464, and upper ring 488 may be adjusted depending upon, for example, the size of
CNC machine 100 and the size of central opening 410 of dynamic coolant delivery system 400.
For example, the size of lower ring 464 and upper ring 488 may be dependent upon at least one
of the size of spindle head 120 and nozzle 510. The size of pulleys 546 may be selected to
maximize the compactness of dynamic coolant delivery system 400 while providing adequate
torque to rotate lower ring 464 and upper ring 488.

[0149] Referring now to FIG. 64, actuation of motor 544a in a direction 554 results in
lower ring 464 rotating about platform axis 508 in direction 554. Similarly, actuation of motor
544a in an opposite direction 556 results in lower ring 464 rotating about platform axis 508 in
direction 556. When lower ring 464 rotates about platform axis 508 in either of directions 554,
556, platform 456 and nozzle 510 rotate about platform axis 508 in the same direction. Thus,
motor 544a controls a rotational position of platform 456 and nozzle 510 relative to platform axis
508.

[0150] In the exemplary embodiment shown, actuation of motor 544b in direction 554
results in upper ring 488 rotating about platform axis 508 in direction 554. Similarly, actuation of

motor 544b in opposite direction 556 results in upper ring 488 rotating about platform axis 508
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in direction 556. Rotation of upper ring 488 about platform axis 508 relative to lower ring 464
results in nozzle 510 pivoting about nozzle axis 520 in one of directions 538, 540 (see FIG. 62).
Thus, motor 544b generally controls an angular position of nozzle 510 relative to nozzle axis
520. That said, relative motion between upper ring 488 and lower ring 464 also controls the
angular position of nozzle 510 relative to nozzle axis 520. For example, if lower ring 464 rotates
about platform axis 508 in one of directions 554, 556 while upper ring 488 remains stationary
relative to platform axis 508 and lower ring 464, nozzle 510 will pivot about nozzle axis 520 in
one of directions 538, 540. Conversely, if both upper ring 488 and lower ring 464 rotate about
platform axis 508, the angular position of nozzle 510 relative to nozzle axis 520 will remain the
same. Accordingly, dynamic coolant delivery system 400 may be used to dynamically deliver
coolant to, for example, separate axial locations of a cutting tool supported by spindle head 120,
along at least aportion of an axial length of the cutting tool, or from multiple angular positions
or orientations of nozzle 510 relative to platform axis 508 and the cutting tool. This dynamic
positioning of nozzle 510 and the delivery of coolant may be reactive to, for example, the
position of the cutting tool relative to the workpiece, the type of cutting tool (e.g., face mill, end
mill, etc.), or the manufacturing process (e.g., face milling, plunge milling).

[0151] Referring back to FIG. 62, dynamic coolant delivery system 400 includes a sensor
assembly 558 configured to assist in controlling the rotation and position of lower ring 464 and
upper ring 488. Sensor assembly 558 includes a sensor mount or frame 560 supporting aplurality
of sensors 562, illustratively sensors 562a, 562b. Sensors 562 are configured to measure the
rotation of lower ring 464 and upper ring 488 about platform axis 508. Specifically, sensors 562
measure aneutral or home position of lower ring 464 and upper ring 488. In the exemplary
embodiment shown, sensors 562 are configured to detect the magnetic fields of a magnet
supported within arespective one of lower ring 464 and upper ring 488. More specificaly,
sensor 562a is configured to detect the magnetic field of the magnet supported by upper ring 488.
Similarly, sensor 562b is configured to detect the magnetic field of the magnet supported by
lower ring 464. The position of magnets 564 in the respective ones of lower ring 464 and upper
ring 488 adjacent sensor assembly 558 illustratively corresponds to an angular position of
platform 456 and nozzle 510 about platform axis 508 that isaneutral or home position of
platform 456 and nozzle 510 about platform axis 508. Accordingly, sensors 562 may be used to

orient platform 456 and nozzle 510 to this home position. In the exemplary embodiment shown,
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sensors 562 are illustratively reed switches or Hall effect sensors. In another embodiment,
sensors 562 may comprise electro-optical sensors, linear encoders, or position sensors that permit
measurement of the displacement of lower ring 464 and upper ring 488 about platform axis 508.
[0152] In the exemplary embodiment shown, platform 456 and nozzle 510 are rotatable
about platform axis 508 through an angular displacement range of approximately 0to 270
degrees. To this end, the home position isnot an end point of the range of angular displacement
of platform 456 and nozzle 510. Rather, platform 456 and nozzle 510 may be rotatable about
platform axis 508, for example, in direction 554 from the home position for an angular
displacement range of approximately 0to 90 degrees and in direction 556 from the home
position for an angular displacement range of approximately 0to 180 degrees. Thus, the total
angular displacement range of platform 456 and nozzle 510 would be 0to 270 degrees. It is
contemplated, however, that platform 456 and nozzle 510 may be rotatable about platform axis
508 through agreater or smaller angular displacement range. It isaso contemplated that
platform 456 and nozzle 510 may berotated in direction 554 for an angular displacement range
greater or smaller than the range of 0to 90 degrees. It isfurther contemplated that platform 456
and nozzle 510 may be rotated in direction 556 for an angular displacement ranger greater or
smaller than the range of 0to 180 degrees. In another embodiment, platform 456 and nozzle 510
are rotatable about platform axis 508 through an angular displacement range of at least 360
degrees. In addition, while a single nozzle 510 has been shown supported by platform 456, it is
contemplated that a plurality of nozzles may be supported by platform for rotation about
platform axis 508. In one embodiment, platform 456 supports & least two nozzles for rotation
about platform axis 508.

[0153] Referring now to FIGs. 62, 64, and 65, dynamic coolant delivery system 400 also
includes a drum 566 coupled to top plate 424. Drum 566 comprises agenerally cylindrical body
supported vertically below lower surface 432 of top plate 424. Drum 566 is configured to support
coolant tube 522. In addition to nozzle 510, coolant tube 522 isfluidly coupled to fitting 446. In
the exemplary embodiment shown, an outer surface 568 of drum 566 is adapted to permit coolant
tube 522 to spool on and off of drum 566 as platform 456 and nozzle 510 rotate about platform
axis 508. Tothis end, drum 566 isrotatable about a drum axis 570 that is spaced apart and
parallel to platform axis 508. Moreover, drum 566 isdrivingly coupled to a spool 572 supported
on the motor shaft of motor 544ausing afriction belt 574. Thus, actuation of motor 544b in one
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of directions 554, 556 results in drum 566 rotating about drum axis 570 in the same direction.
Platform 456 includes a groove 576 (see FIG. 63) configured to support coolant tube 522 while
allowing coolant tube 522 to spool onto or off of drum 566. In the exemplary embodiment
shown, groove 576 circumscribes light ring 458. An advantage, among others, of drum 566 is
that coolant tube 522 may be spooled onto or off of drum 566 depending on an angular position
of nozzle 510 about platform axis 508.

[0154] Referring now to FIGs. 63 and 66, light ring 458 isremovably coupled to bottom
468 of lower mount 454. In some embodiments, light ring 458 isintegraly formed with lower
mount 454 to form a one-piece construction. Light ring 458 isalight source capable of
illuminating at least one of the cutting tool or the workpiece. Illustratively, light ring 458 has a
generally ring-shaped body of similar diameter to central opening 410. Light ring 458 includes a
plurality of light sources, illustratively LEDs, that are electrically coupled to aPCB. The PCB
may include a controller configured to control, for example, the brightness of the LEDs. In an
alternative embodiment, the light source may comprise at least one spotlight having a plurality of
LEDs coupled to housing 428. In afurther embodiment, the light source is provided as an
accessory to dynamic coolant delivery system 400. Accordingly, dynamic coolant delivery
system 400 may include aremovable trim piece where the light source couples to lower mount
454,

[0155] In the exemplary embodiments shown, the coolant comprises a pressurized,
water-based solution, and the lubrication comprises afluid having friction-reducing properties.
In one embodiment, coolant may comprise acutting fluid such as, for example, an emulsified
type of coolant comprising a small quantity of oil and alarge quantity of water. Illustratively, the
oil may be either a petroleum, semi-synthetic, or synthetic type of oil. In an aternative
embodiment, coolant may comprise a compressed air.

[0156] While this invention has been described as having an exemplary design, the
present invention may be further modified within the spirit and scope of this disclosure. This
application istherefore intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application isintended to cover such departures from
the present disclosure as come within known or customary practice in the art to which this

invention pertains.
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CLAIMS

1. A dynamic coolant delivery system for delivering coolant to a cutting tool coupled to a
spindle of a computer numerical control (“CNC”) machine, comprising:

a platform adapted to be coupled to the spindle and rotatable about a first axis;

a turret supported by the platform and rotatable about a second axis; and

a nozzle supported by the turret and pivotable about a third axis, the nozzle being in fluid
communication with a coolant reservoir and adapted to deliver coolant from the coolant reservoir
to the cutting tool.

2. The dynamic coolant delivery system of claim 1, further comprising a housing adapted to
be coupled to the spindle of the CNC machine, the housing supporting the platform.

3. The dynamic coolant delivery system of claim 2, wherein the housing is adapted to be
removably coupled to the spindle of the CNC machine.

4. The dynamic coolant delivery system of claim 1, wherein the third axis is non-parallel to
the first axis.

5. The dynamic coolant delivery system of claim 4, wherein the third axis is orthogonal to the
first axis.
6. The dynamic coolant delivery system of claim 1, further comprising:

a first ring supported within the housing and rotatable about the first axis, the first ring
being operatively coupled to the nozzle such that rotation of the first ring about the first axis is
capable of pivoting the nozzle about the third axis; and

a second ring supported within the housing and rotatable about the first axis, the second
ring operatively coupled to the platform such that rotation of the second ring about the first axis
results in rotation of the platform about the first axis.

7. The dynamic coolant delivery system of claim 6, wherein the second ring is arranged
adjacent the platform and the first ring is axially spaced apart from the second ring along the first
axis.

8. The dynamic coolant delivery system of claim 6, wherein the first ring includes a radial

flange and an axial flange generally orthogonal to the radial flange, the axial flange including a
plurality of engagement features and a helical surface extending along an inner surface of the axial
flange.
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9. The dynamic coolant delivery system of claim 8, wherein the first ring is operatively
coupled to the nozzle through an actuator shaft, the actuator shaft having a base supported on the
helical surface of the first ring, and rotation of the first ring relative to the base of the actuator shaft
results in a displacement of the actuator shaft along a fourth axis parallel to the first axis, the
displacement of the actuator shaft resulting in the pivoting of the nozzle about the third axis.

10.  The dynamic coolant delivery system of claim 6, wherein each of the first ring and the
second ring is configured to be capable of rotating about the first axis at different rotational speeds
relative to one another.

11. The dynamic coolant delivery system of claim 6, wherein relative motion between the first
ring and the second ring results in the nozzle pivoting about the third axis.

12. The dynamic coolant delivery system of claim 6, wherein rotation of the first ring and the
second ring with zero relative motion results in the platform and the nozzle rotating about the first
axis.

13.  The dynamic coolant delivery system of claim 6, wherein each of the first ring and the
second ring include a plurality of engagement features.

14. The dynamic coolant delivery system of claim 13, wherein the plurality of engagement
features comprises gear teeth.

15. The dynamic coolant delivery system of claim 1, further comprising:
a first electric motor operatively coupled to the platform; and
a second electric motor operatively coupled to the nozzle.

16. The dynamic coolant delivery system of claim 15, further comprising a motor mounting
bracket coupled to the housing, the motor mounting bracket supporting the first electric motor and
the second electric motor within the housing.

17. The dynamic coolant delivery system of claim 16, wherein the first electric motor is
operatively coupled to the platform using a first belt, and the second electric motor is operatively
coupled to the nozzle using a second belt.

18.  The dynamic coolant delivery system of claim 17, wherein the first electric motor includes

a first pulley operatively coupled to the first belt, and the second electric motor includes a second
pulley operatively coupled to the second belt.
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19. The dynamic coolant delivery system of claim 1, further includes a light source adapted to
be coupled to the spindle, the light source being capable of illuminating at least one of the cutting
tool or a workpiece removably supported in a workspace of the CNC machine.

20.  The dynamic coolant delivery system of claim 19, wherein the light source includes a
plurality of light emitting diodes (“LEDs”).

21. The dynamic coolant delivery system of claim 1, further comprising a light ring adapted to
be coupled to the spindle, the light ring being capable of illuminating at least one of the cutting
tool or a workpiece removably supported in a workspace of the CNC machine, the light ring
surrounding a portion of the cutting tool.

22. The dynamic coolant delivery system of claim 21, wherein the light ring is arranged
coaxially with the first axis.

23. The dynamic coolant delivery system of claim 21, wherein the light ring includes a plurality
of light sources.

24. The dynamic coolant delivery system of claim 23, wherein each of the plurality of light
sources comprises a light emitting diode (“LED”).

25. The dynamic coolant delivery system of claim 1, further comprising a drum supporting a
coolant tube coupled to the nozzle.

26. The dynamic coolant delivery system of claim 25, wherein the drum is configured to rotate
about a fourth axis, the fourth axis spaced apart from and parallel to the first axis.

27. A method of dynamically delivering coolant to a cutting tool coupled to a spindle of a
computer numerical control (“CNC”’) machine for rotation about a first axis, comprising:

providing a coolant delivery nozzle fluidly coupled to a coolant reservoir, the coolant
delivery nozzle supported by a turret adapted to rotate about a second axis, the coolant delivery
nozzle adapted to pivot about a third axis non-parallel to the first axis, and the turret supported by
a platform coupled to the spindle, the platform adapted to rotate about the first axis;

delivering coolant to a first axial location of the cutting tool from a first orientation of the
coolant delivery nozzle relative to the cutting tool, the first orientation defined by an angular
position of the coolant delivery nozzle relative to the first axis; and

rotating the coolant delivery nozzle about the first axis such that the coolant delivery nozzle
delivers coolant to the first axial location of the cutting tool from a second orientation of the coolant
delivery nozzle relative to the cutting tool, the second orientation being angularly displaced from
the first orientation.

40



MCSLLP

28. The method of claim 27, further comprising providing the cutting tool supported for
rotation by the spindle.

29. The method of claim 27, further comprising cyclically rotating the coolant nozzle in a first
rotational direction and a second rotational direction about the first axis between the first
orientation and the second orientation to provide a sweeping delivery of coolant to the cutting tool.

30. The method of claim 27, further comprising pivoting the coolant delivery nozzle about the
third axis such that the coolant delivery nozzle delivers coolant to a second axial location of the
cutting tool, the second axial location of the cutting tool being spaced axially apart from the first
axial location along the first axis.

31. The method of claim 30, further comprising cyclically pivoting the coolant nozzle in a first
rotational direction and a second rotational direction about the third axis such that coolant is
delivered along at least a portion of an axial length of the cutting tool.

32. The method of claim 27, wherein rotating the coolant delivery nozzle occurs in response
to a control signal from the CNC machine.

33. The method of claim 27, further comprising providing a workpiece removably supported
in a workspace of the CNC machine, at least one of the workpiece or the cutting tool being
moveable relative to the other of the workpiece or the cutting tool, and wherein rotating the coolant
delivery nozzle occurs in response to a current motion vector of the cutting tool relative to the
workpiece.

34. A method of dynamically adjusting the orientation of a coolant delivery nozzle configured
to supply coolant to a cutting tool supported for rotation by a spindle of a computer numerical
control (“CNC”) machine about a first axis, comprising:

providing a coolant delivery system including a first ring rotatable about the first axis and
operatively coupled to the coolant delivery nozzle adapted to deliver the coolant to the cutting tool
and a second ring rotatable about the first axis and operatively coupled to a platform supporting
the coolant delivery nozzle;

rotating the first ring about the first axis so as to develop relative motion between the first
ring and the second ring, wherein developing relative motion between the first ring and the second
ring results in the coolant delivery nozzle pivoting about a second axis, the second axis being non-
parallel to the first axis; and

rotating the second ring about the first axis, wherein rotating the second ring about the first
axis results in the platform and the nozzle rotating about the first axis.
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35.  The method of claim 34, wherein the first ring and the second ring are configured to rotate
about the first axis at different speeds relative to one another.

36. A method of dynamically delivering coolant to a cutting tool coupled to a spindle of a
computer numerical control (“CNC”) machine for rotation about a first axis, comprising:

providing a coolant delivery nozzle fluidly coupled to a coolant reservoir, the coolant
delivery nozzle supported by a turret adapted to rotate about a second axis, the coolant delivery
nozzle adapted to pivot about a third axis non-parallel to the first, and the turret supported by a
platform coupled to the spindle, the platform adapted to rotate about the first axis;

delivering coolant to a first axial location of the cutting tool from a first orientation of the
coolant delivery nozzle relative to the cutting tool, the first orientation defined by an angular
position of the coolant delivery nozzle relative to the first axis; and

pivoting the coolant delivery nozzle about the third axis such that the coolant delivery
nozzle delivers coolant to a second axial location of the cutting tool, the second axial location of
the cutting tool being spaced axially apart from the first axial location of the cutting tool along the
first axis.

37. The method of claim 36, further comprising rotating the coolant delivery nozzle about the
first axis such that the coolant delivery nozzle delivers coolant to at least one of the first axial
location or the second axial location of the cutting tool.

38. The method of claim 37, wherein pivoting the coolant delivery nozzle about the third axis
and rotating the coolant delivery nozzle about the first axis occurs simultaneously.

39.  The method of claim 36, further comprising cyclically pivoting the coolant nozzle in a first

rotational direction and a second rotational direction about the third axis such that coolant is
delivered along at least a portion of an axial length of the cutting tool.
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