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ABSTRACT

A cooling assembly for a machine tool including at least first and second nozzle rings
mounted on the spindle housing, respectively defining first and second coolant conduits
and respectively including first and second pluralities of nozzles in fluid communication
with the respective conduit. Each first nozzle is oriented with an outlet thereof directed
toward a first machining zone containing cutting edges of at last one tool having a first
length. Each second nozzle is oriented with an outlet thereof directed toward a second
machining zone different from the first machining zone and containing the cutting edges

of at least one tool having a second length.
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MULTIPLE ZONE COOLING APPARATUS

TECHNICAL FIELD

[0001] The application relates generally to CNC machining and, more particularly, to a

cooling apparatus for a CNC machine using tools of various gauge lengths.

BACKGROUND OF THE ART

[0002] Multi-axis CNC (computer numerically controlled) machine tools are often
used to produce components, for example gas turbine engine components, machined from
solid material. This machining process is sensitive to the accurate delivery of coolant fluid
into the machining zone, as deficiencies in coolant fluid delivery may result in inadequate
chip flushing with subsequent degradation of the component’s surface finish, tool

breakage, and destruction of the component and/or of the machine.

[0003)] Components are typically machined using cutting tools of various lengths,
usually requiring that the machine operators manually align the machine’s coolant
delivery nozzles to suit the length of the next tool used. Also, line of sight between the
coolant nozzle and the machining zone changes angularly around the centre of tool
rotation during the machining process, and depending on the position of the nozzles, the

un-machined material may block or deflect the coolant flow away from the cutting zone.

[0004] Improvements in the cooling of CNC machine tools are thus sought.

SUMMARY

[0005] In one aspect, there is provided a cooling apparatus for a CNC machine tool
having a stationary spindle housing supporting a spindle for rotating about an axis of
rotation a selected one of a plurality of interchangeable cutting tools including at least a
first tool having a first length and a second tool having a second length different from the
first length, the apparatus comprising a first nozzle ring mounted on the spindle housing
and at least substantially encircling the spindle, the first nozzle ring defining a first
coolant conduit and including a plurality of first nozzles in fluid communication with the
first conduit and distributed around the first nozzle ring, each first nozzle being oriented

with an outlet thereof directed toward a first machining zone extending along the axis of
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rotation, wherein cutting edges of the first tool are within the first machining zone when
the first tool is installed in the spindle, a second nozzle ring mounted on the spindle
housing concentric with the first nozzle ring, the second nozzle ring defining a second
coolant conduit independent from the first coolant conduit and including a plurality of
second nozzles in fluid communication with the second conduit and distributed around
the second nozzle ring, each second nozzle being oriented with an outlet thereof directed
toward a second machining zone extending along the axis of rotation and different from
the first machining zone, wherein cutting edges of the second tool are within the second
machining zone when the second tool is installed in the spindle, and a fluid distribution
system having at least first and second configurations, the fluid distribution system in the
first configuration pressurizing and circulating a coolant fluid from a coolant source to the
first conduit only, the fluid distribution system in the second configuration pressurizing

and circulating the coolant fluid from the coolant source to the second conduit only.

[0006] In another aspect, there is provided a cooling assembly for a machine tool, the
assembly comprising an annular manifold including at least first and second concentric
fluid passages defined therein, the first and second passages being scaled from one
another, the annular manifold defining a central longitudinal axis and including first and
second fluid inlets in fluid communication with the first and second passages,
respectively, a plurality of first nozzles extending from a front side of the manmifold and
distributed around a circumference thereof, each of the first nozzles being in fluid
communication with the first passage and being oriented such that an outlet thereof is
directed toward at least part of a same first portion of the longitudinal axis, the first
portion being frontwardly offset from the first nozzles, and a plurality of second nozzles
extending from the front side of the manifold and distributed around the circumference
thereof, each of the second nozzles being in fluid communication with the second passage
and being oriented such that an outlet thereof is directed toward at least part of a same

second portion of the longitudinal axis, the second portion being different from the first

portion and frontwardly offset from the second nozzles.

[0007) In a further aspect, there is provided a method of machining a part with a

machine tool having a stationary spindle housing supporting a spindle for rotating a
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selected one of a plurality of interchangeable cutting tools about an axis of rotation, the
method comprising engaging a first one of the tools with the spindle such that cutting
edges of the first tool are located in a first machining zone extending along a first portion
of the axis of rotation, directing coolant fluid to the first machining zone using at least a
first nozzle ring mounted on the housing and including first nozzles directing the coolant
fluid toward the first machining zone, machining the part with the first tool, removing the
first tool from the spindle, engaging a second one of the tools with the spindle such that
cutting edges of the second tool are located in a second machining zone extending along a
second portion of the axis of rotation different from the first portion, directing the coolant
fluid to the second machining zone using at least a second nozzle ring mounted on the
housing and including second nozzles directing the coolant fluid toward the second

machining zone, and machining the part with the second tool.

DESCRIPTION OF THE DRAWINGS

[0008] Reference is now made to the accompanying figures in which:

[0009] Fig. 1 is a schematic side view of a cooling apparatus installed on a CNC

machine;

[0010] Fig. 2 is a schematic front view of a ring manifold of the cooling apparatus of

Fig. 1;
[0011]  Fig. 3 is a schematic front view of a body of the ring manifold ot Fig. 2;

[0012] Fig. 4 is a schematic side view of the cooling apparatus of Fig. 1, showing the

coolant distribution for each nozzle ring thereof;

[0013] Fig. 5 1s a schematic partial side view of the cooling apparatus of Fig. 4,

showing the coolant distribution for a group of nozzles of one of the nozzle rings thereof;

[0014) Fig. 6 is a schematic perspective view of an alternate ring manifold of the

cooling apparatus of Fig. 1;
[0015] Fig. 7 is a schematic front view of a body of the ring manifold of Fig. 6; and;

[0016] Fig. 8 is a schematic front view of a cover of the ring manifold of Fig. 6.
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DETAILED DESCRIPTION

[0017]  Referring to Fig. 1, a cooling apparatus 20 is installed on a CNC machine 10
(only partially shown). The CNC machine 10 includes a stationary spindle housing 12
supporting a spindle 14, the spindle 14 rotating a selected one of a plurality of cutting

tools (not shown).

[0018] The cooling apparatus 20 includes a ring manifold 22 which is rigidly attached
to the spindle housing 12 and from which extend a plurality of coolant fluid nozzles
24a,b. In a particular embodiment, the manifold 22 is slipped over the housing 12 and slid
rearwards, and diametrically opposed fasteners, for example screws (not shown), are used
to clamp the manifold 22 onto the spindle housing 12 and to center it radially with the
spindle’s axis of rotation 16. The manifold 22 is located radially by means of rigid inlet

conduits 26a,b that extends from the rear of the manifold 22.

[0019]  Alternately, the manifold 22 can be located radially by any other adequate type
of retaining elements, for example by two sheet metal brackets extending forwards and
bolted to the spindle bearing retainer, or by a circumferential ring clamp bearing upon

three equally spaced clamping pads that are attached to the rear of the manifold, etc.

[0020] It can be seen from Figs. 4-5 that the tips or outlets 28 of the nozzles 24a,b are
located behind the front face of the spindle 14, in order to avoid interference with the
machine’s capability to automatically change tool assemblies to and from the spindle 14.
Each nozzle 24a,b is angled such that its outlet 28 is directed toward a tool to be received

in the spindle 14, as will be further detailed below.

[0021]  Referring to Fig. 2, the ring manifold 22 defines two concentric nozzle rings
30a, 30b which, in the embodiment shown, each form a complete circle such as to

completely surround the spindle. Each nozzle ring 30a,b is connected to a respective inlet

conduit 26a, 26b.

[0022]  Referring to Fig. 3, the manifold 22 includes an annular body 32 defining
therein two concentric coolant passages 34a, 34b, one for each nozzle ring 30a,b, each
coolant passage 34a,b forming a conduit for the coolant fluid. In a particular embodiment,

the manifold body 32 is machined from a solid annular component, for example made of
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aluminium, to form the coolant passages 34a,b. The manifold body 32 also includes a
fluid connection 36a, 36b between each coolant passage 35a,b and the respective inlet
conduit 26a,b. The coolant passages 34a,b are sealed from each other through an annular

gasket 38 that extends therebetween.

[0023] Referring back to Fig. 2, the manifold 22 also includes an annular cover 40,
which engages the manifold body 32 and also seals the coolant passages 34a,b from one
another. In a particular embodiment, the manifold cover 40 is bolted to the body 32;
however, alternate means of attachment are also possible. The manifold cover 40 includes
a series of threaded holes 42a, 42b defined therethrough in each of the nozzle rings 30a,b,
in communication with the respective coolant passage 34a,b. Commercially available
compression fittings 44 (see Fig. 1) are screwed into the threaded holes 42a,b and receive
the coolant nozzles 24a,b, which are locked in place once their length and orientation is
adjusted. In the embodiment shown, the threaded holes 42a,b of each nozzle ring 30a,b,
and as such the coolant nozzles 24a,b thercof, are equally angularly spaced apart.
Alternately, a different distribution of the nozzles 24a,b can be provided, for example
having the nozzles 24a,b distributed around the circumference of the manifold 22 but with
different distances between adjacent nozzles such that the nozzles 24a,b are not equally

circumferentially spaced apart.

[0024] The nozzle rings 30a,b provide individual coolant delivery circuits that are
independent from one another. Each inlet conduit 26a,b is connected to a coolant source

46 through a fluid distribution system 48, which pressurizes the coolant fluid and delivers

it to a selected one or both of the nozzle rings 30a,b. The fluid distribution system 48
operates based on “On” and “Off” commands (M-codes) contained within the operating
instructions or part program that 1s programmed into, and executed by, the CNC machine
tool. For example, the “On” commands may be M08 for the inner nozzle ring and M20
for the outer nozzle ring and the “Off’ command may be M09 for both nozzle rings;
however, any available M-codes that have not been otherwise assigned by the machine
tool builder or operator may alternately be used. During operation of the machine tool

these coolant command M-codes can be programmed individually or in any combination.
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[0025] In a particular embodiment, the fluid distribution system 48 includes a pump
(not shown) in fluid communication with the coolant source 46 and a solenoid actuated
valve (not shown) providing a selective connection between each of the inlet conduits
26a,b and the pump, the valve being actuated by the CNC commands. Alternately, more
than one pump may be provided, and/or the inlet conduits 26a,b can be connected to the

corresponding pump(s) through respective valves actuatable through the CNC commands.

[0026] Referring to Fig. 4, each nozzle ring 30a,b is assigned a specific range of tool
lengths L;, L, to cover. In the illustrated example, the inner nozzle ring 30a 1s assigned to
a first tool length range L;, for example 12 to 14 inches, and the outer nozzle ring 30b is

assigned to a smaller, second tool length range L,, for example 8 to 11 inches.

[0027] For each range of tool lengths L;, L,, a machining zone M;, M, can be defined
along the axis of rotation 16 of the spindle 14, which also corresponds to the longitudinal
axis of the manifold 22. The machining zone M;, M; contains the cutting edges of all of
the tools within that range of tool lengths L, L,, when each tool is installed in the spindle
14. Thus, each nozzle 24a extending from the inner ring 30a is oriented with the outlet 28
thereof directed toward at least a portion of the first machining zone M,, where the cutting
edge(s) of every tool within the first range of tool lengths L; are located, and each nozzle
24b extending from the outer ring 30b is oriented with the outlet 28 thereof directed
toward at least a portion of the second machining zone M;, where the cutting edge(s) of
every tool within the second range of tool lengths L, are located. The machine tool

programmer thus programs the selection of the nozzle ring 30a,b that is suitable for the

length of the tool that he/she is programming for use next.

[0028]  Although not shown, the tool lengths may alternately be distributed such that a
first range corresponds to a first one of the nozzle rings, a second range to a second one of
the nozzle rings, and a third, intermediate range is associated with both nozzle rings, so
that when a tool from the third range is selected, both nozzle rings are actuated to direct
the coolant fluid thereon. In that case, the nozzles of the first ring direct the coolant fluid
along a first machining zone, the nozzles of the second ring direct the coolant fluid along
a second machining zone which abuts the first machining zone, and the third machining

zone is contained within the combination of the first and second machining zones.
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[0029]  The nozzles 24a,b are rigid, for example made of stainless steel tubing, and
their orientation is pre-set during installation of the apparatus 20 on the machine tool 10:
thus, no manual adjustment is necessary during the machining process, prior to, or
following, automatic tool changes. The cooling apparatus 20 thus allows for different
gauge lengths of tools to be lubricated through simple CNC commands, and provides for

automatic tool changes without removing or adjusting the coolant nozzles.

[0030] Referring to Fig. 5, the nozzles 24a,b of each ring 30a,b (only the inner nozzle
ring 30a being shown here) are arranged in at least two groups 50 (only one of which is
shown) that are distributed around the circumference of the nozzle ring 30a,b, for example
by having the groups 50 being at least substantially angularly spaced apart, and/or by
having the groups 50 distributed in pairs of groups located in diametrically opposed
locations around the nozzle ring 30ab. In a particular embodiment, each group 50
includes three (3) nozzles 24a,b. The nozzles 24a,b within a same group 50 are targeted to
a different portion of the respective machining zone M;, M,. In the embodiment shown,
the different portions targeted by the nozzles 24a of the same group 50 together cover the
entire machining zone M, such that each group 50 of nozzles provides coolant fluid
along the entire machining zone M;. The different groups 50 provide coolant fluid from
different angular positions around the axis of rotation 16, in order to maintain coolant
flmd delivery when the cooling fluid delivered by the nozzles 24a,b from one of the
groups 50 is obstructed by un-machined material. The cooling apparatus 20 thus delivers
cooling fluid targeted on several points along the cutting edges of each tool used, and

from multiple directions around the circumference of the tool, thus facilitating the

machining of contoured surfaces with the side of the tool during simultaneous multi-axis

machining.

[0031]  The orientation of each nozzle 24a,b can be confirmed by sliding a gauge-rod

which 1s a precise fit with the inside of the nozzle in the nozzle outlet 28, the free end of
the rod indicating where the projected coolant will contact the tool. Computer simulation
can alternately be used to predict the contact point between the coolant and the tool. Once
the original orientation of the nozzle 24a,b is selected, it is locked and remains the same,

1.€. it does not change during the machining process.
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[0032] Referring to Fig. 6, a ring manifold 122 according to an alternate embodiment 1s
shown. In this embodiment, the ring manifold 122 is in the form of an open ring, i.e. has a
substantially “C”-shaped configuration, such that it substantially, but not completely,
surrounds the spindle 14 when it is rigidly attached to the spindle housing 12. The
manifold 122 includes a body 132 and a cover 142, and the manifold cover includes a
plurality of compression fittings 44 attached thereto for each receiving a coolant fluid
nozzle (not shown). As in the previous embodiment, the manifold 122 is attached to the
spindle housing 12 such that the tips of the nozzles are located behind the front face of the
spindle 14, in order to avoid interference with the machine’s capability to automatically

change tool assemblies to and from the spindle.

[0033] Referring to Fig. 7, the manifold 122 defines three concentric nozzle rings 130a,
130b, 130c, each being connected to a respective inlet conduit in fluid communication
with the coolant source (not shown). The manifold body 132 includes three concentric
coolant passages 134a, 134b, 134c, one for each nozzle ring 130a,b,c, each coolant
passage 134a,b,c forming a conduit for the coolant fluid. In a particular embodiment, the
manifold body 132 is machined from a solid open ring component to form the coolant
passages 14a,b,c. The manifold body 132 also includes a fluid connection 136a, 136b,
136¢ between each coolant passage 134a,b,c and the respective inlet conduit (not shown).
The coolant passages 134a,b,c are sealed from each other through annular gaskets 138a,

138b that extend between adjacent ones of the coolant passages 134a,b,c.

[0034] Referring to Fig. 8, the manifold cover 140 engages the manifold body 132 and

also seals the coolant passages 134a,b,c from one another. The manifold cover 140
includes a series of threaded holes 142a, 142b, 142¢ defined therethrough in each of the
nozzle rings 130a,b,c, in communication with the respective coolant passage 134a,b,c.
The compression fittings 44 (see Fig. 6) are screwed into the threaded holes 142a,b,c and
receive the coolant nozzles, which are locked in place once their length and orientation 1s
adjusted. In the embodiment shown, the threaded holes 142a,b,c of each nozzle ring
130a,b,c, and as such the coolant nozzles thereof, are equally angularly spaced apart

within each one of two diametrically opposed portions of the manifold 122.
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[0035] As 1n the previous embodiment, the nozzle rings 130a,b,c provide individual
coolant delivery circuits that are independent from one another. Each nozzle ring 130a,b,c
receives coolant fluid from the fluid distribution system 48 which operates based on the
“On” and “Off” commands (M-codes) contained within the part program of the CNC
machine tool. As i1n the previous embodiment, each nozzle ring 130a,b,c is assigned a
specific range of tool lengths to cover, such that the nozzles of each nozzle ring 130a,b,c
are oriented with the outlet thereof directed toward a portion of the respective machining
zone. As 1n the previous embodiment, the nozzles of each ring 130a,b,c are arranged in at
least two groups that are distributed around the circumference of the nozzle ring, with the
nozzles within a same group being targeted to a different portion of the respective

machining zone.

[0036] In use, when machining a part with the CNC machine, a first tool is
automatically selected through a corresponding command in the part program, and
engaged with the spindle 14. Coolant fluid is directed on the machining zone of the first
tool through the nozzles of the ring or rings 30a,b, 130a,b,c which are assigned to the
length range corresponding to the length of the first tool selected, the nozzle ring or rings
30a,b, 130a,b,c being actuated through command(s) of the part program, and the part is
machined with the first tool. When the first tool is automatically changed for a second
tool, coolant fluid is directed on the machining zone of the second tool through the
nozzles of the ring or ring(s) 30a,b, 130a,b,c which are assigned to the length range
corresponding to the length of the second tool selected, which may or may not be the

same as that of the first tool. Depending on the tool length, one or more of the nozzle

rings 30a,b, 130a,b,c are activated, such that the corresponding machining zone receives
coolant fluid. The nozzle ring(s) 30a,b, 130a,b,c are deactivated when required also

through command(s) in the part program.

[0037] The above described cooling apparatus thus maintains coolant flow at the
machining zone, and allows for unattended operation even through the use of tools of
different lengths. The installation of the manifold 22, 122 on the stationary spindle
housing 12 prevents the manifold 22, 122 from having an influence upon the practical

operating speed and the dynamic balance of the spindle 14. The manifold 22, 122 can be
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retrofitted to any machine tool, whether its spindle 14 is attached to a linear axis, a tilting

axis, or a rotary axis.

[0038] The above description is meant to be exemplary only, and one skilled in the art
will recognize that changes may be made to the embodiments described without departing
from the scope of the invention disclosed. For example, the nozzle rings 30a,b, 130a,b,c
may be defined by distinct tubes instead as by coolant passages of a same manifold 22,
122. Also, more than three nozzle rings may be provided. Other modifications which fall
within the scope of the present invention will be apparent to those skilled in the art, in
light of a review of this disclosure, and such modifications are intended to fall within the

appended claims.

-10 -
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1. A cooling apparatus for a CNC machine tool having a stationary spindle housing

supporting a spindle for rotating about an axis of rotation a selected one of a plurality of

interchangeable cutting tools including at least a first tool having a first length and a

second tool having a second length different from the first length, the apparatus

comprising:

a first nozzle ring mounted on the spindle housing and at least substantially

encircling the spindle, the first nozzle ring defining a first coolant conduit
and including a plurality of first nozzles in fluid communication with the
first conduit and distributed around the first nozzle ring, each first nozzle
being oriented with an outlet thereof directed toward a first machining zone
extending along the axis of rotation, wherein cutting edges of the first tool

are within the first machining zone when the first tool is installed in the

spindle;

a second nozzle ring mounted on the spindle housing concentric with the first

nozzle ring, the second nozzle ring defining a second coolant conduit
independent from the first coolant conduit and including a plurality of
second nozzles in fluid communication with the second conduit and
distributed around the second nozzle ring, each second nozzle being
oriented with an outlet thereof directed toward a second machining zone
extending along the axis of rotation and different from the first machining
zone, wherein cutting edges of the second tool are within the second

machining zone when the second tool is installed in the spindle; and

a fluid distribution system having at least first and second configurations, the

fluid distribution system in the first configuration pressurizing and
circulating a coolant fluid from a coolant source to the first conduit only,
the fluid distribution system in the second configuration pressurizing and
circulating the coolant fluid from the coolant source to the second conduit

only.

-11 -
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2. The cooling apparatus as defined in claim 1, wherein the fluid distribution system
has a third configuration where the fluid distribution system circulates the coolant fluid

from the coolant source to the first and second conduits simultaneously.

3. The cooling apparatus as defined in claim 1, wherein the configuration of the fluid
distribution system is selected through a machine command included in a program

actuating the CNC machine tool.

4. The cooling apparatus as defined in claim 1, wherein the first nozzles are arranged
In groups distributed around a circumference of the first nozzle ring, the first nozzles
within a same group being oriented differently from one another such that the outlets
thereof are directed toward different locations along the first machining zone, and wherein
the second nozzles are arranged in groups distributed around a circumference of the
second nozzle ring, the second nozzles within a same group being oriented differently
from one another such that the outlets thereof are directed toward different locations along

the second machining zone.

. The cooling apparatus as defined in claim 4, wherein the first nozzles within the
same group are oriented to together deliver the coolant fluid along the entire first
machining zone, and the second nozzles within the same group are oriented to together

deliver the coolant fluid along the entire second machining zone.

6. The cooling apparatus as defined in claim 1, further comprising a third nozzle ring
mounted on the spindle housing concentric with the first and second nozzle rings, the
third nozzle ring defining a third coolant conduit independent from the first and second
coolant conduits and including a plurality of third nozzles in fluid communication with
the third conduit and distributed around the third nozzle ring, each third nozzle being
oriented with an outlet thereof directed toward a third machining zone extending along the
axis of rotation and different from the first and second machining zones, wherein cutting
edges of a third tool are within the third machining zone when the third tool is installed in
the spindle, the third tool having a length different that that of the first and second tools,

and the fluid distribution system has a third configuration where the fluid distribution

- 172 -
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system pressurizes and circulates the coolant fluid from the coolant source to the third

conduit only.

7. The cooling apparatus as defined in claim 1, wherein the first and second nozzle
rings are defined by respective concentric portions of a same coolant manifold retained on
the spindle housing, the first and second conduits being respectively defined by first and
second concentric coolant passages formed within the manifold and sealed from one

another.

8. The cooling apparatus as defined in claim 1, wherein the first and second nozzles
extend with the outlets thereof located behind a plane defined by a front end of the spindle

from which the selected one of the tools extends.

0. A cooling assembly for a machine tool, the assembly comprising:

an annular manifold including at least first and second concentric fluid passages
defined therein, the first and second passages being sealed from one
another, the annular manifold defining a central longitudinal axis and

including first and second fluid inlets in fluid communication with the first

and second passages, respectively;

a plurality of first nozzles extending from a front side of the manifold and
distributed around a circumference thereof, each of the first nozzles being

in fluid communication with the first passage and being oriented such that

an outlet thereof is directed toward at least part of a same first portion of
the longitudinal axis, the first portion being frontwardly offset from the

first nozzles; and

a plurality of second nozzles extending from the front side of the manifold and
distributed around the circumference thereof, each of the second nozzles
being in fluid communication with the second passage and being oriented
such that an outlet thereof is directed toward at least part of a same second
portion of the longitudinal axis, the second portion being different from the

first portion and frontwardly offset from the second nozzles.

-13 -
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10.  The cooling assembly as defined in claim 9, further comprising a fluid distribution
system having at least first and second configurations, the fluid distribution system in the
first configuration pressurizing and circulating a coolant fluid from a coolant source to the
first fluid passage only, the fluid distribution system in the second configuration

pressurizing and circulating the coolant fluid from the coolant source to the second fluid

passage only.

11.  The cooling assembly as defined in claim 10, wherein the configuration of the
fluid distribution system is determined by a machine command included 1n a program

actuating the machine tool.

12.  The cooling assembly as defined in claim 10, wherein the fluid distribution system
has a third configuration where the fluid distribution system circulates the coolant fluid

from the coolant source to the first and second passages stmultaneously.

13.  The cooling assembly as defined in claim 9, wherein the first nozzles are arranged
in groups distributed around a circumference of the manifold, the first nozzles within a
same group being oriented differently from one another such that the outlets thereof are
directed toward different locations along the first portion of the longitudinal axis, and
wherein the second nozzles are arranged in groups distributed around. a circumference of
the manifold, the second nozzles within a same group being oriented differently from one

another such that the outlets thereof are directed toward different locations along the

second portion of the longitudinal axis.

14,  The cooling assembly as defined in claim 13, wherein the first nozzles within the
same group are oriented to together deliver the coolant fluid along the entire first portion
of the longitudinal axis, and the second nozzles within the same group are oriented to

together deliver the coolant fluid along the entire second portion of the longitudinal axis.

15.  The cooling assembly as defined in claim 9, wherein the annular manifold further
includes a third fluid passage and a third fluid inlet in fluid communication therewith, the

third fluid passage being concentric with and sealed from the first and second passages,
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and further including a plurality of third nozzles extending from the front side of the
manifold and distributed around the circumference thereof, each of the third nozzles being
in fluild communication with the third passage and being oriented such that an outlet
thereof 1s directed toward at least part of a same third portion of the longitudinal axis, the
third portion being different from the first and second portions and frontwardly offset

from the third nozzles.

16. A method of machining a part with a machine tool having a stationary spindle
housing supporting a spindle for rotating a selected one of a plurality of interchangeable

cutting tools about an axis of rotation, the method comprising:

engaging a first one of the tools with the spindle such that cutting edges of the
first tool are located in a first machining zone extending along a first

portion of the axis of rotation;

directing coolant fluid to the first machining zone using at least a first nozzle ring
mounted on the housing and including first nozzles directing the coolant

fluid toward the first machining zone;
machining the part with the first tool;
removing the first tool from the spindle;

engaging a second one of the tools with the spindle such that cutting edges of the
second tool are located in a second machining zone extending along a

second portion of the axis of rotation different from the first portion;

directing the coolant fluid to the second machining zone using at least a second
nozzle ring mounted on the housing and including second nozzles directing

the coolant fluid toward the second machining zone; and

machining the part with the second tool.

17.  The method as defined in claim 16, wherein directing the coolant fluid to the first
machining zone includes activating coolant circulation through the first nozzle ring using

a first machine command included in a program activating the machine tool, directing the
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coolant fluid to the second machining zone includes activating coolant circulation through
the second nozzle ring using a second machine command included in the program, and
further including deactivating the coolant circulation through the nozzle rings using a

third machine command included in the program after machining the part.

18.  The method as defined in claim 16, wherein the first portion of the axis of rotation
is contained in the second portion of the axis of rotation, and wherein directing the
coolant fluid to the first machining zone is performed using only the first nozzle ring, and
directing the coolant fluid on the second machining zone is performed using the first and

second nozzle rings stimultaneously.

19.  The method as defined in claim 16, further comprising, after machining the part

with the second tool:
removing the second tool from the spindle;

engaging a third one of the tools with the spindle such that cutting edges of the
third tool are located in a third machining zone extending along a third

portion of the axis of rotation different from the first and second portions;

directing the coolant fluid to the third machining zone using at least a third
nozzle ring mounted on the housing and including third nozzles directing

the coolant fluid toward the third machining zone; and

machining the part with the third tool.

20.  The method as defined in claim 16, wherein directing the coolant fluid to the first
machining zone includes directing the coolant fluid on a same set of points on the first
machining zone from at least two different angular positions around the spindle, and
directing the coolant fluid to the second machining zone includes directing the coolant

fluid on a same set of points on the second machining zone from at least two different

angular positions around the spindle.

- 16 -



CA 02733073 2011-03-01

1/7

77

\‘%\\\
=
%

> ...L/Ql'_:...i.

\
.

“‘

—— S
L N
|

44

cba,b



LR VR AL LT YAt S

CA 02733073 2011-03-01

2/7

COOLANT
SOURCE ©

DISTRIBUTION| 4 425 22
SYSTEM




CA 02733073 2011-03-01

3/7

74




CA 02733073 2011-03-01

417

908

E0E

cl

GG

|7 —T =

AL
™~

\

\\

\

'
YR




24a

MO

\!

‘\\\ \\

o+ ® 002 * ¥ e T e T s e W . . . . .
el e il S -f.’;‘férj‘,\_-h-‘, f«u?"’,ﬂ‘;\ﬁ' L R O '.---,'/':,-.. Bl R T T T Tl L S I I ot PE S E e <

CA 02733073 2011-03-01

5/7

Llll

\\“\‘\ \\\\ _ _ E

\ VA

\ T N WY

- J




CA 02733073 2011-03-01

6/7




! s . 5 3 e e st e e vl SRR g i A e e ¢ ot ot g e L0 toos. 03 e Y e 3t o T S oD g b wecntoh A 8 VN S AL Tt e e o e Bl e Lt ettt gt e e th aentiend atam SIS aE Aen e NN e s Ml dif S S % e e e ek % et Rl an t Dyt et A et ve v n e e e
R T R N T L T L QTR G L R B T Bt e L e A i R e B I R I R A AT o 2 g e T L B A e T e N R e M e R D I At A I I A
. \

CA 02733073 2011-03-01

7/7
O
O
O
,iOo
il o 0
o!lll! (
o'
ok
e ~
Il
A O O
S (.o .
~ 5 o s O

134c




P74

|
—

12

J0a

___—
—

Z4a

4D



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

