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(57) Abstract: An example milling machine includes a base and a receiving platform mounted to the base to receive a first workpiece
and a second workpiece. The receiving platform is moveable along a first axis. The milling machine also includes a support platform
mounted to the base, a first plurality of milling bits to cut the first workpiece, and a second plurality of milling bits to cut the second
workpiece. The first plurality of milling bits and the second plurality of milling bits are moveable along a second axis via the support
platform. Each milling bit of the first plurality of milling bits and the second plurality of milling bits is to move along a third axis
independently.
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MULTIPLE MILLING BITS MILLING MACHINE

BACKGROUND
{0601} When manufacturing a product, the unfinished product may be shaped
or machined for further processing. A variety of tools may be used {o shape or

machine the unfinished product.

BRIEF DESCRIPTION OF THE DRAWINGS

{0002} Some examplas of the present application are described with respect
to the following figures:

{0003} FIiG. 1 illustrates a block diagram of a milling machine with a first
plurality of milling bits to cut a first workpiece and a second plurality of milling bits
to cut a second workpiece, according to an example;

{0004} FiG. 2 illustrates an isometric view of a milling machine with a first
plurality of milling bits to cut a first workplece and a second plurality of milling bits
to cut a second workpisce, according to an example;

{0005] FiG. 3 Hustrates a block diagram of controlier of a milling machine with
a first plurality of milling bits to cut a first workpiece and a second plurality of
railling bits 1o cut a second workpiece, according o an example;

{0006] FIG. 4 illustrates a method of operation at a milling maching with a first
plurality of milling bits to cut a first workpiece and a second plurality of milling bits
to cut a second workpiece, according o an example; and

{00871 FIG. § illustrates a method of determining cut paths of milling bits at a
milling machine with a first plurality of milling bits to cut a first workplece and a
second plurality of milling bils to cut a second workpiece, according to an

axample.
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DETAILED DESCRIPTION

[08] One of the variety of tools to shape or machine an unfinished product
may be a milling machine. A milling machine may include a shaping mechanism
to shape or machineg the unfinished product. For example, the shaping
meachanism may be a single milling bit. Howsver, a single mifling bit milling
machine may not have the efficiency to be used in a mass production
environment.

{0609} Examples described hersin provide a milling machine with a first
plurality of milling bits to cut a first workpiace and a second plurality of milling bits
to cut a second workpiece, In an example, a milling machine may include a base
and a receiving platform mounted to the base to receive a first workplece and a
second workpiece. The receiving platform may be moveable along a first axis.
The milling machine may also include a support platform mounted {o the base, a
first plurality of milling bits {0 cut the first workpiece, and a second plurality of
milling bits to cut the second workpiece. The first plurality of milling bits and the
second plurality of milling bits may be moveable along a second axis via the
support platform. Each milling bit of the first plurslity of milling bits and the
second plurality of milling bits may move along a third axis independently.

0010 in ancther example, a milling machine may include a bage and a
receiving platfiorm mounted to the base o receive a first workpisce and a second
workpiece. The recelving platform may be moveable along a first axis. The
milling machine may also include a support platform mounted to the base, a first
piurality of milling bits 1o cut the first workpiecs, and a second plurality of milling
bits to cut the second workpiece. The first plurality of milling bits and the second
plurality of milling bits may be moveable along a second axis via the pair of axial
drives Each milling bit of the first plurality of milling bits and the second plurality
of milling bits may move along a third axis independently.

{0011 in ancther example, a non-transitory computer readable storage
medium comprising instructions executable by a controller of a milling machine.

The instructions when executed may cause the controller o divide a first
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workplece into a first region and a second region; divide a second workpiace info
a third region and a fourth region; determine a first cut path of a first milling bit of
the milling machine based on the first region; determine a second cut path of a
second milling bit of the milling machine based on the second region; determine
a third cut path of a third milling bit of the milling machine based on the third
region; determine a fourth cut path of a fourth milling bit of the milling machine
based on the fourth region; perform, via the first milling bit and the second milling
hit, a first cutling operation on the first workpiece based on the first cut path and
the second cut path; and perform, via the third milling bit and the fourth milling
bit, a second cutting operation on the second workpiece based on the third cut
path and the fourth cut path. Thus, examples described herein may increase
efficiency of a milling machins.

{0612} FiG. 1 illustrates a block diagram of a milling machine 100 with a first
plurality of milling bits to cut a first workpiace and a second plurality of milling bits
to cut & second workpiece, according to an example. Milling machine 100 may
include a controller 102, axial drives 104-118, a first milling bit 118, a second
milling bit 120, a third milling bit 122, a fourth milling bit 124, and a receiving
platform 132.

{0013} Controller 102 may be a computing device and/or other hardware
devices suitable 1o control a milling machine. Axial drives 104-116 may be
devices for moving objects. For example, each of axial drive 104-118 may be
implemented using a motor or an actuator.

{0014] Milling machine 100 may receive workpieces 126-128 at receiving
piatform 132 so that milling machine 100 may cut two workpieces
simultaneously. For example, milling machine 100 may use a first plurality of
milling bits to cut a first workpiece 126 and a second plurality of milling bils to cutl
a second workpiece 128. The first plurality of milling bits may correspond to first
milling bit 118 and sacond milling bit 120. The second plurality of milling bits may
correspond o third milling bit 122 and fourth milling bit 124. Each of workpieces
126 and 128 may be an object that is baing cut by milling machine 100. For
example, workpieces 126 and 128 may be raw material, such as metal or wood.
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As another example, workpieces 126 and 128 may be moldings that are to be
shaped.

[0015] During operation, controlier 102 may receive digital representations
130 of milled workpieces that are to be generated using workpisces 126 and 128.
For example, workpiaces 126 and 128 may be a pair of blank moldings for shoe
tasts. Digital representations 130 may be three dimensional models of the pair of
moldings with desired shapes. Each three dimensional model may be expressed
as a set of coordinates in three axes (X-axis, Y-axis, and Z-axis).

{0816} In response 1o receiving digital representations 130, controller 102
may determine cutling instructions for milling bits 118-124. Controller 102 may
control milling bits 118-124 via axial drives 104-116 to cut workpieces 126-128.
Cutting instruction determination is described in more detall in FiGs. 4-5.

{0617 Milling machine 100 may move milling bits 118-124 in three axes
refative to workpleces 126 and 128. For example, axial drive 108 may be
connected o receiving platform 132, Axial drive 108 may move receiving
platform 132 along a first axis, such as Y axis. Axial drive 104 may be connecled
to milling bits 118-120 to move milling bits 118-120 along a second axis
simultaneously, such as X-axis. Axial drive 106 may be connected to milling bits
122-124 to move milling bits 122-124 along the second axis simultaneously.
Each of milling bits 118-124 may be connected 1o a distinct axial drive 110-116,
respectively, to move independently along a third axis, such as 2 axis. For
example, axial drive 110 may move first milling bit 118 along Z axis while milling
bits 120-124 may remain stationary. Thus, milling machine 100 may have seven
degrees of movement 1o cut a pair of workpieces.

{0018] FIG. 2 illustrates an isometric view of a milling machine 200 with a first
plurality of milling bits {o cut a first workpiece and a sscond plurality of milling bits
to cut a second workpiece, according to an example. Milling machine 200 may
implement milling maching 100 of FIG. 1. Milling machine 200 may include a
base 202, receiving platform 132, a support platform 204, and axial drives 104~
116. Milling machine 200 may be controlled by a controller {(not shown in FIG. 2},
such as confrolier 102 of FIG. 1.
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0019 Receiving platiorm 132 may be mounted fo bass 202. Axial drive 108
may move receiving platform 132 with respect to base 202 along Y axis. As
Hlustrated in FIG. 2, workpieces 126 and 128 may be received by receiving
platform 132, Support platform 204 may be mounted to base 202 and may be
perpendicular ta receiving platform 132, Support platform 204 may provide
structure support for milling bits 118-124 and axial drives 110-116. A pair of axial
drives 104 and 106 may be mounted to support platform 204, Axial drive 104
may be connected to a first back plate 206 that supports milling bits 118-120 and
axial drives 110-112. Thus, axial drive 104 may move milling bits 118-120
simultanecusly along X-axis with respect to a track 218. Axial drive 106 may be
connected {0 a second back plate 208 that supports milling bits 122-124 and
axial drives 114-116. Thus, axial drive 106 may move milling bits 122-124
sirmultaneously along X-axis with regpect to track 218.

{8620} Each of milling bits 118-124 may move independently along Z axis via
a distinct raif 210-216, respectively. For example, axial drive 110 may be
connactad to first milling bit 118. Axial drive 110 may be mounted to rail 210.
Thus, first milling bit 118 may move along Z axis via rail 210. Axial drive 112
may be connected to second milling bit 120. Axial drive 112 may be mounted to
raft 212, Thus, second milling bit 120 may move along Z axis via rail 212. Axial
drive 114 may be connected 1o third milling bit 122. Axial drive 114 may be
mounted to rail 214. Thus, third milling bit 122 may move along Z axis via rail
214, Axial drive 116 may be connected to fourth milling bit 124, Axdal drive 116
may be mounted {o rafl 216. Thus, fourth milling bit 124 may move along Z axis
via rail 216.

0021} FIG. 3 illustrates a block diagram of controlier 300 of a milling machine
with a first plurality of milling bifs to cut a first workpiece and a second plurality of
milting bits to cut a second workpiece, according to an example. Controller 300
may implament controfler 102 of FIG. 1. Controller 300 may implement as a
controfler for milling machine 200 of FIG. 2. Operations of controller 300 are
described with reference to FIG. 1.
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{00271 Controller 300 may include a processor 302 and a computer-readable
storage medium 304. Processor 302 may be a central processing unit {CPU}, a
semiconductor-basad microprocessor, and/or other hardware devices suitable for
retrieval and execution of instructions stored in computer-readable slorage
madium 304, Processor 302 may felch, decode, and execute instructions 3086,
308, 310, and 312

[0023] Computer-readable storage medium 304 may be any electronic,
magnetic, optical, or other physical storage device that contains or stores
axeculable instructions. Thus, computerreadable storage medium 304 may be,
for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), a storage device, an oplical disc,
efc. In some examples, computer-readable storage medium 304 may be a
non-transitory storage medium, where the term “non-transitory” does not
encompass transitory propagating signails. As described in detail below,
computerreadable storage medium 304 may be encoded with a series of
processor executable instructions 306, 308, 310, and 312.

{0024] Workpigce dividing instructions 306 may divide digital representations
130 into different regions. For example, workpiece dividing instructions 306 may
divide a first three dimensional model of a first milled workpiece into a first region
and a second region. Workpiece dividing Instructions 306 may also divide a
second three dimensional model of a second milled workplece info a third region
and a fourth region.

{0025] Milling bit assigning instructions 308 may assign each of milling bits
118-124. For example, milling bit assigning instructions 308 may assign first
milling bit 118 to the first region and second milling bit 120 to the second region.
Milling bit assighing instructions 308 may also assign third milling bit 122 to the
third region and fourth milling bit 124 1o the fourth region. In some examples, a
particular milling bit may be assigned to multiple regions.

{0026} Cutling instructions determining instructions 310 may determine
cutting instructions for sach of milling bits 118-124. The cutling instructions may
inciude cut paths for each of milling bits 118-124, a distinct linear velocity of each
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of mifling bits 118-124, and/or a distinct rotation speed of each of milling bils 118-
124. Cutling operation performing instructions 312 may control milling bits 118-
124 to cut workpieces 126 and 128 based on the culling instructions.

{0627} FiG. 4 illustrates a method 400 of operation at a milling machine with a
first pluralily of milling bits to cut a first workpiece and a second plurality of milling
bits to cut a second workpiece, according to an example. Method 400 may be
implemented using milling machine 100 or milling machine 200. Method 400 is
described with reference to FIG. 1.

{0628} Method 400 includes receiving digital representations of milling
workpieces, at 402. For example, milling machine 100 may receive digital
representations 130 of a pair of milled workpieces. Method 400 also includes
determining cutting instructions based on the digital representations, at 404.
Determining cutling instructions based on the digital representations includes
determining cut paths of milling bits based on the digital representations, at 406.
A cut path of a milling bit may indicate how the milling bit is to move along three
axes. For example, milling machine 100 may determine cut paths for each of
milling bits 118-124. In some example, milling machine 100 may use nearest
neighbor analysis to determine the cut paths. An example of determining cut
paths of milling bits based on the digital representations is described in more
detail in FIG. 5.

{0029] Determining outting instructions based on the digital represantations
also includes determining operational parameters, at 408. For example, milling
machine 100 may determine linear velogity of each of milling bits 118-120 {o
gnsure adequate chip clearing and to reduce the likelihood of over-friction of
milling bits 118-120. Milling machine 100 may also determine rotation speed of
each of milling bits 118-120. Method 400 further includes cutting workpieces to
generate the milled workpieces based on the cutling instructions, at 410. For
example, milling machine 100 may, based on culling instructions generated by
controfler 102, cut workpieces 126-128 using milling bits 118-124 {o generale
milled workpieces represented in digital representations 130.
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{00301 FIG. 5 illustrates a method 500 of determining cut paths of milling bils
at a milling machine with a first plurality of milling bits to cut a first workpiece and
a second plurality of milling bits to cut a second workpiecs, according to an
example. Method 500 may implement determining cut paths of milling bils based
on the digital representations at 406 of method 400 of FIG. 4. Method 500 is
described with reference to FIG. 1.

{0031} Method 500 includes dividing digital representations of milled
workpieces into regions, at 502, For sxample, milling machine 100 may divide
three dimensional models in digital representations 130 into multiple regions.
Meathod 500 also includes assigning milling bits to the regions, at 504. For
example, milling machine 100 may assign first milling bit 118 1o the first region
and second milling bit 120 to the second region. Milling machine 100 may also
assign third milling bit 122 to the third region and fourth milling bit 124 o the
fourth region.

{00321 Method 500 further includes converting digital representations of
milled workpieces into coordinates for milling bit placements, at 506. For
example, milling machine 100 may covert sets of coordinates in three axes used
to describe the three dimensional models of milled workpieces in digital
representations 130 to coordinates in three axes to describe placements of
railling bits 118124 {e.g., how each milling bit 118124 is to move in X-axis, Y
axis, and £ axis}). Method 500 further includes adding random errors {o the
milling bit placements, at 508. For example, milling machine 100 may add at
least a distinct random error to each distinct determined milling bit placement of
milling bit 118-124 along X-axis.

{0033} The use of "comprising”, "including” or "having” are synonymous and
variations thereof herein are meant 10 be inclusive or open-ended and do not
exclude additional unrecited slements or method steps.
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Claims

What is claimed is:

1. A milling machine comprising:

a base;

a receiving platform mounted to the base to receive a first workpiece and
a second workpiece, wherein the receiving platform is moveabls
along a first axis;

a support platform mounted to the base;

a first plurality of milling bits to cut the first workpiece: and

a second plurality of milling bits to cut the second workplece, wherein the
first plurality of milling bits and the second plurality of milling bits
are moveable along a second axis via the support platform, and
wherein each milling bit of the first plurality of milling bits and the
second plurality of milling bils is to move along a third axis

independently.

2. The milling machine of claim 1, wherein the first axis corresponds to a
Y-axis relative to the receiving platform, wherein the second axis corresponds o
a X-axis relative 1o the receiving platform, and wherein the third axis corresponds

to a Z-axis relative to the receiving platform.

3. The milling machine of claim 1, wherein the support platform is
perpendicular to the receiving platiorm.
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4, The milling machine of claim 1, wherein the first plurality of milling bits is
to move simultaneously along the second axis, and wherein the second plurality

of milling bits is to move simultanecusly along the second axis.

5. The milling machine of claim 1, further comprising a distinct rail for each
milling bit of the first plurality of milling bils and the second plurality of milling bits.

6. A milling machine comprising:

a base;

a receiving platform mounted fo the base (o receive a first workpiace and
a second workpiece, wherein the receiving platform is moveable
along a first axis;

a support platform mounted o the base;

a pair of axial drives mountad {o the support platform,

a first plurality of miliing bits to cut the first workpiece; and

a second plurality of milling bits to cut the second workpiece, wherein the
first plurality of milling bits and the second plurality of milling bits
are moveable along a second axis via the pair of axial drives, and
wherein each milling bit of the first plurality of milling bits and the
second plurality of milling bits is to move along a third axis
independently.

7. The milling machine of claim 8, wherein the first axis corresponds to a
Y-axis relative to the receiving platiorm, wherein the second axis corresponds o
a X-axis relative to the receiving platform, and whersin the third axis corresponds

to a Z-axis relative to the receiving platform.

8. The milling machine of claim 6, wherein the pair of axial drives includes
a first axial drive and a second axial drive, wherein the first axial drive is o move
the first plurality of milling bits simultaneously along the second axis, and wherein
the second axial drive is to move the second plurality of milling bits
simultaneously along the second axis.
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8, The milling machine of claim 8, wherein the first axial drive is 1o move
the first plurality of milling bits independently from the second plurality of milling
hits.

10. The milling machine of claim 6, further comprising a distinct rail for
each milling bit of the first plurality of milling bits and the second plurality of
milling bits.

11. A non-transitory computer-readable storags medium comprising
instructions that when executed cause a controller of a milling machine to:

divide digital representations of a pair of milling workpieces into a plurality
of regions including a first region, a second region, a third region,
and a fourth region;

assign a first plurality of milling bits of the milling machine to the first
region and the second region;

assign a second plurality of milling bits of the milling machine to the third
region and the fourth region;

determine cutting instructions of the first plurality of milling bits and the
second plurality of milling bits based on the plurality of regions;

parform, via the first plurality of milling bits, a first cutting operation on a
first workpiece based on the cutling instructions; and

perform, via the second plurality of milling bits, a second cutting operation

on a second workplece based on the cutting instructions.
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12. The non-transitory computerreadable storage medium of dlaim 11,
wherein the instructions when exescuted further cause the controller {o determine
operational parameters associated with the first plurality of milling bits and the
second plurality of milling bits.

13. The non-transitory computer-readable storage medium of claim 12,
wherein the operational parameters include a distinct inear velocity and a distinet
rotation speed associated with each of the first plurality of milling bits and the
second plurality of milling bits,

14. The non-transitory computer-readable storage medium of daim 11,
wherein the instructions when executed further cause the controller 1o determine
a cut path of a particular milling bit of the milling machine based on a region of a
workpiece and a random aryor.

15, The non-transifory computer-readable storage medium of claim 11,
wherein the instructions when executed further cause the controller {o determine
a cut path of a particular milling bit of the milling machine using a nearest
neighbor analysis.
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AMENDED CLAIMS
received by the International Bureau on 13 July 2017 (13.07.17)
The pending claims are as listed below.
1. A milling machine comprising:
a base;
a receiving platform mounted to the base to receive a first workpiece and a second
workpiece, wherein the receiving platform is moveable along a first axis;
a support platform mounted to the base;
a first plurality of milling bits to cut the first workpiece; and
a second plurality of milling bits to cut the second workpiece, wherein the first
plurality of milling bits and the second plurality of milling bits are moveable along a
second axis via the support platform, and wherein each milling bit of the first plurality of
milling bits and the second plurality of milling bits is to move along a third axis
independently,
wherein the first plurality of milling bits is to move simultaneously along the
second axis, and wherein the second plurality of milling bits is to move simultaneously

along the second axis.

2. The milling machine of claim 1, wherein the first axis corresponds to a Y-axis relative to

the receiving platform, wherein the second axis corresponds to a X-axis relative to the receiving

platform, and wherein the third axis corresponds to a Z-axis relative to the receiving platform.

3. The milling machine of claim 1, wherein the support platform is perpendicular to the

receiving platform.

AMENDED SHEET (ARTICLE 19)
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4. The milling machine of claim 1, further comprising a distinct rail for each milling bit of

the first plurality of milling bits and the second plurality of milling bits.

S. A milling machine comprising:

a base;

a receiving platform mounted to the base to receive a first workpiece and a second
workpiece, wherein the receiving platform is moveable along a first axis;

a support platform mounted to the base;

a pair of axial drives mounted to the support platform;

a first plurality of milling bits to cut the first workpiece;

a second plurality of milling bits to cut the second workpiece, wherein the first
plurality of milling bits and the second plurality of milling bits are moveable along a
second axis via the pair of axial drives, and wherein each milling bit of the first plurality
of milling bits and the second plurality of milling bits is to move along a third axis
independently; and

a distinct rail for each milling bit of the first plurality of milling bits and the

second plurality of milling bits to move along the third axis.

6. The milling machine of claim 6, wherein the first axis corresponds to a Y-axis relative to

the receiving platform, wherein the second axis corresponds to a X-axis relative to the receiving

platform, and wherein the third axis corresponds to a Z-axis relative to the receiving platform.

AMENDED SHEET (ARTICLE 19)
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7. The milling machine of claim 6, wherein the pair of axial drives includes a first axial
drive and a second axial drive, wherein the first axial drive is to move the first plurality of
milling bits simultaneously along the second axis, and wherein the second axial drive is to move

the second plurality of milling bits simultaneously along the second axis.

8. The milling machine of claim 8, wherein the first axial drive is to move the first plurality

of milling bits independently from the second plurality of milling bits.

9. A non-transitory computer-readable storage medium comprising instructions that when
executed cause a controller of a milling machine to:
divide digital representations of a pair of milling workpieces into a plurality of
regions including a first region, a second region, a third region, and a fourth region;
assign a first plurality of milling bits of the milling machine to the first region and
the second region;
assign a second plurality of milling bits of the milling machine to the third region
and the fourth region;
determine cutting instructions of the first plurality of milling bits and the second
plurality of milling bits based on the plurality of regions;
perform, via the first plurality of milling bits, a first cutting operation on a first
workpiece based on the cutting instructions; and
perform, via the second plurality of milling bits, a second cutting operation on a

second workpiece based on the cutting instructions.

AMENDED SHEET (ARTICLE 19)
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10. The non-transitory computer-readable storage medium of claim 11, wherein the
instructions when executed further cause the controller to determine operational parameters

associated with the first plurality of milling bits and the second plurality of milling bits.

11. The non-transitory computer-readable storage medium of claim 12, wherein the
operational parameters include a distinct linear velocity and a distinct rotation speed associated

with each of the first plurality of milling bits and the second plurality of milling bits.

12. The non-transitory computer-readable storage medium of claim 11, wherein the
instructions when executed further cause the controller to determine a cut path of a particular

milling bit of the milling machine based on a region of a workpiece and a random error.

13. The non-transitory computer-readable storage medium of claim 11, wherein the

instructions when executed further cause the controller to determine a cut path of a particular

milling bit of the milling machine using a nearest neighbor analysis.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19 (1)

It 1s respectfully submitted that claims 1, 6, and 11, as well as dependent claims thereof,
are novel over reference D1 (US 5,265,986). D1 describes a multi-spindle machine for drilling,
milling or the like of workpieces using the several spindles. D1 is silent at least as to the spindles
moving simultaneously with one another along an axis, and also to each spindle having its own
distinct rail for movement along a third axis. The International Search Report and the associated
Written Opinion concedes that claim 11 and its dependent claims are novel over D1. Therefore,

claims 1, 6, and 11 are novel over D1.
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