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VACUUM DRILLING SYSTEM AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit of U. S. Provisional Application
Serial No. 61/828,056, filed May 28, 2013, which is incorporated herein by reference in its

entirety.
FIELD OF THE INVENTION

[0002] The present invention relates to the field of drilling, and in particular, to vacuum
drilling systems, which provide for the collection of chips generated by the drilling process by an

applied vacuum, while also allowing for through tool coolant application.
BACKGROUND INFORMATION

[0003] In various industries and-applications, drilling of materials may be performed using
solid twist drill designs. In the aerospace industry for example, to successfully drill the various
metals used in the industry, solid twist drills provide desired capabilities, such as being precise.
This style of tooling may have through coolant capability and the coolant outlets typically exit on
the clearance angle of the cutting geometry at the nose of the tool. As chips are éreated during
the drilling cycle, the flute helix and coolant pressure work to evacuate chips through the flutes.

Once the chips and coolant exit the hole, they are released into the environment.

[0004] In some applications and environments, the components may require the use of
portable drilling machines to allow drilling of multiple holes at different locations. For example,
in the aerospace industry, the components may be very large and require portable drilling
machines that can be moved to the different hole locations on the component. The portable
drilling machines are compact and do not provide any enclosure to isolate the drilling process
from the outside environment. This results in the release of chips and coolant into the
environment when utilizing solid twist drills. Because the chips evacuated from the hole are not
contained, additional process time is required in order to remove the chips and coolant from the
component and drilling environment. Additionally, failure to contain the chips and coolant flow

may cause health and safety hazards for drill operators.
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[0005] Additionally, the generation of chips during the drilling of various materials requires
the chips to be conveyed away from the cutting features of the drill, or the chips can impede the
drilling process and/or cause damage to the drill. For certain materials, such as composite
materials including carbon fiber reinforced plastic (CFRP), for example, there have been
developed drilling systems which use a vacuum to remove the large quantities of fine chips
created when drilled. Without effective removal of the chips thus generated, chip compaction
often occurs, reducing the drill's ability to cut, increasing the generation of heat, and reducing the
life of the drill. The cooling effect and force originating from a vacuum applied to the drill is
sufficient for providing the needed heat dissipation and chip extraction in CFRP material. This
results in a reliable drilling process for CFRP that utilizes an applied vacuum.

[0006] A néed still exists for a reliable vacuum drilling system that can perform in metal
drilling applications. The properties-of various metals can be considerably different from one
another, and are different than the properties of CFRP. For example, in materials such as
titanium and aluminum, it would be desirable to facilitate removal of chips using an applied
vacuum, but with metallic materials, the prior vacuum systems for CFRP materials are not
designed to be used on such materials. It would be worthwhile to provide a vacuum drilling

system which may be used for metallic or other materials, to effectively remove chips during the
drilling process.

[0007]  In addition to requiring effective chip removal, it is also desirable that the drilling
operation be precise, to provide repeatable machining to close tolerances and desired
specifications.

[0008]  In the machining operation to drill metallic, composite or other materials, it would be
desirable to provide a drilling system and methods to effectively remove chips formed during the
drilling operation. There is also a need to provide a drilling system and methods to effectively
provide coolant to the cutting surfaces while allowing for the effective removal of chips formed
during the drilling operation.

SUMMARY OF THE INVENTION

[0009]  The present invention provides a vacuum drilling system for a drilling operation that
utilizes both a through tool coolant supply as well as a central vacuum extraction system. In an

example, the drilling system includes a generally cylindrical body member and a cutting head at
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the front end of the body member having at least one cutting edge formed thereon. The body
member forms a hollow shaft adjacent the cutting head with at least one opening formed in the
body member adjacent the cutting head. A coolant adapter provided on the body member
provides a coolant fluid through at least one sealed channel in the body member exterior to the
hollow shatft, tohprovide the coolant fluid to the area of the at least one cutting edge. A vacuum
connected to the hollow shaft applies vacuum pressure through the at least one opening and
hollow shaft. The through tool coolant system is provided by a sealed coolant containment
channels situated around a hollow interior channel that remains unrestricted and is sized to
efficiently extract chips formed during a drilling operation. The invention can be used in drilling
operations wherein chips formed during drilling are vacuum extracted and coolant is supplied to
promote heat dissipation and chip removal and maximize the precision of the drilling operation

while increasing tool life.

[0010]  The present invention also provides a method of performing a drilling operation
comprising providing a drilling tool having a cutting head adjacent a front end of the drilling tool
having at least one cutting edge formed thereon. The drilling tool also includes a hollow shaft
with at least one opening formed adjacent the cutting head. A coolant adapter is provided on the
body member to provide a coolant fluid through at least one sealed channel in the body member
exterior to the hollow shaft. A vacuum source is coupled to the hollow tube to extract cuttings
formed at the cutting head. The through tool coolant system is provided by at least one sealed
coolant containment channel situated around a hollow interior channel that remains unrestricted

and is sized to efficiently extract chips formed during a drilling operatioﬁ.

[0011]  These and other features and advantages of the present invention will be apparent to

those of skill in the art in view of the following written description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  FIG. 1 shows a perspective view of an example of a vacuum drilling system in

accordance with the present invention.

[0013] FIG. 2 shows an exploded perspective view the example of FIG. 1.
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[0014] FIG. 3 is a perspective view of a cutting insert according to an example of the drilling

system.

[0015] FIG. 4 is a perspective view of the hollow inner body according to an example of the
drilling system.
[0016] FIG.5isa perspectiy_e view of the coolant containment sleeve according to an

example of the drilling system.

~ [0017] FIG. 6 is a perspective view of the coolant inducer sleeve according to an example of

the drilling system.

{0018] FIG. 7 is a perspective view of the drilling system in conjunction with a bushing

- according to an example.

DETAILED DESCRIPTION

[0019] An example of a vacuum drilling system 10 in accordance with the present invention
is shown in FIGS. 1 and 2. The vacuum drilling system 10 for performing a drilling operation
may include a variety of features and attributes to promote heat dissipation and chip removal,
and maximize the precision of the drilling operation while increasing tool life. The vacuum
drilling system 10 utilizes both a through tool coolant supply as well as a central vacuum
extraction system. In this example, the system may include a cutting head 12 adjacent a front end
14 of the system, having at least one cutting edge 16 formed thereon. A hollow shaft 18 is
provided with at least one front hole or opening 20 adjacent the cutting head 12. A rotary
coolant adapter 22 is provided on the shaft 18 adjacent at least one rear opening 24. A vacuum
source (not shown) is connected to apply vacuum pressure in the formed hole as will be
described hereafter. Vacuum pressure is applied through the openings 20 and hollow shaft 18.
The invention can be used in drilling operations wherein chips formed during drilling are
vacuum extracted and coolant is supplied to the area of cutting head 12. In this example, the
cutting head 12 may include a replaceable cutting insert 13, such as a blade-type insert, but other
cutting geometries and configurations may be used depending on the application. The

replaceable cutting insert 13 will be assembled to the cutting end of the hollow inner body 18,



WO 2014/193785 PCT/US2014/039500

using torx screws in a slotted connection or other suitable configuration. Other systems to apply

vacuum to the hollow shaft 18 may be used and are contemplated in the invention.

[0020] In cutting of metallic materials, the cutting insert 13 may generally be made of a
carbide substrate, and a coated outer surface for improved insert performance. The specific
substrate and coating used is dependent on the application of the drill, and any suitable substrate
may be used, as well as optionally any coating or other treatment thereof. The substrate may
have the wearability required for acceptable insert life while drilling and also have the toughness
to not fail prematurely. A coating may be used to provide increased wear and heat resistance to
the substrate. Proper coating may be helpful in the drilling of aerospace metals, as these metals
can be very abrasive and generate high amounts of heat while cutting. The cutting insert 13,
being replaceable in the example shown, allows for cost-effective performance in exchanging
inserts when one becomes worn. As shown in Fig. 3, in this example, the insert 13 is double
effective, and has a cutting geometry determined by the application of the drill. Proper insert
cutting geometry may be designed to form a desired chip type, for effective evacuation using
coolant and vacuum drilling of metal materials. The cutting geometry produces desired chip
formation and hole quality. In the aerospace and other industries, continuous chip forming metal
materials are common, and the cutting geometry can be configured to assist in creating small
segmented chips. In the aerospace and other industries, the nature of the metal materials used,
such as lightweight materials like aluminum or the like, as well as the nature of the parts, present
significant challenges to performing drilling in an effective manner. Due to the large size of parts
for example, portable drilling systems such as positive feed peck drills may be used, such as
Quackenbush tools produced by Cooper Power Tools. The cutting geometry provided in the
drilling system 10 provides the production of small chips in conjunction with the action of the
drilling tool, to allow for effective removal of the chips in the vacuum drilling operation. The
cutting geometry creates small segmented chips in conjunction with positive feed and peck
drilling operation. The ability to form the desired chip configuration in conjunction with the
drilling tool ensures the chips can be properly extracted from the hole 20 through the hollow
inner body 18. In the example, the positive feed peck drill or another system to allow for a
hammering effect along with positive feed, can assist in formation of chips in a desired
configuration. The cutting geometry can also provide optimized feed rates in conjunction with

such drilling systems.
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[0021] As seen in Fig. 2, the rotary coolant adapter 22 is assembled to the outside diameter
(OD) of a coolant inducer sleeve 26 and retained using thrust washers 28 and snap rings 30 for
example. An external coolant supply is plumbed into the rotary coolant édapter 22 enabling
coolant to flow through the sealed components, including a coolant containment sleeve 32 which
is mated to the hollow inner body 34 and coolant inducer sleeve 26 to create a sealed route for
coolant flow to the cutting insert 13. The coolant inducer sleeve 26 is mated to the hollow inner
body 34 and coolant containment sleeve 32 to provide a location for connection of an external
coolant supply. The coolant may be any suitable material, such as air with atomized lubricant, or

other suitable coolant/lubricant fluids.

[0022]  Turning to Fig: 4, the hollow inner body 34 is shown in more detail, and in this
example, includes a slotted insert connection 36 for securing the insert 13 in the proper position
for drilling. This connection 36 drives the cutting insert 13 and allows for easy replacement of
worn inserts 13. The slotted connection 36 includes two ear portion 38, with holes 40 through
which torx screws or the like extend and engage the cutting insert 13. The slotted connection 36
also allows for one drill bedy to be used with a variety of different cutting geometries, providing
significant flexibility and effectiveness. In conjunction with a drill bushing 70 as previously
described, the diameter of the insert 13 may be consistent with the diameter of the holder, or
otherwise, different diameter inserts could possibly be used with a common holder. The slotted
connection 36 may be similar to other tooling produced by Allied Machine & Engineering
Corporation, and can be made to accept Gen3Sys® inserts or T-A® inserts produced by Allied

Machine & Engineering Corporation. Other connections or inserts may be used as desired.

[0023] The hollow inner body 34 also includes chip extraction openings 42. The chip
extraction openings 42 provide an entrance for chips into the central extraction hole. There is
one opening 42 dedicated for each cutting edge on the cutting insert 13 and located near each
cutting edge to effectively withdraw formed chips. The applied vacuum force will flow through
these extraction openings 42 to aid in removal of chips from the drilled hole. On the exterior of
the hollow inner body there are provided through coolant channels 44. The through coolant
channels 44 work to provide an area inside the sealed components of the drill dedicated for
coolant flow axially to the cutting insert 13. The design of the through coolant channels 44
provides the ability to effectively supply coolant to the cutting edges of the insert 13, and to then

allow effective removal of formed chips in conjunction with the applied vacuum source, thereby
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enhancing the overall performance of the drill. Utilizing this coolant route results in a coolant
through system that can be located near the outer diameter of the tool body. With the coolant
routed in this location, sufficient area is created within the hollow inner body 34 for desired
central extraction hole 46 size. Other through coolant design options can restrict the size of the
central extraction hole 46, resulting in a drill design incapable of extracting even ideal- sized

metal chips.

[0024] Additionally, pressure from the through coolant flow works with the applied vacuum
force to increase the drill’s ability to extract chips. The design is highly reliable and removes
chips from the hole at a faster rate. This can allow for drilling at higher penetration rates, while
maintaining an adequate chip extraction rate. The central extraction hole 46 runs axially through
the tool body to provide an area for chip extraction. This hole 46 meets with the chip extraction
openings 42 near the cutting insert 13 and continues to the shank end of the drill to provide an
exit location for chips. As holes are drilled, chips and coolant fluid enters the central extraction
hole 46 through the chip extraction openings 42 and travel through the central extraction hole 46
to exit out of the rear of the shank 48. It is desired for the size of the central extraction hole 46 to
be configured to allow for proper chip extraction and proper function of the drill to achieve high
penetration rates and increase production capabilities. If the central extraction hole 46 is too
small, it may not efficiently extract chips at thé proper rate, which may result in tool failure due
to chip packing at the nose of the drill. The pressure of the vacuum source and/or coolant supply
may be varied if desired, and the size or configuration of the central extraction hole 46 may be

varied to achieve the desired chip extraction characteristics.

[0025] In this example, the tool hollow inner body 34 includes a shank 48, that provides an
area for connection to a motor that drives the drill. Shank design can vary, and is determined by
the connection required by the motor spindle in the application. Any suitable shank design may

be used.

[0026] Turning to Fig. 5, there is shown the coolant containment sleeve 32 in more detail.
The coolant containment sleeve 32 has a sleeve inside diameter (ID) 50 that allows it to mate the
sleeve ID 50 over the hollow inner body 34 and provides the sealed area necessary for controlled
flow of coolant to the cutting insert 13 via the through coolant channels 44. The ID 50 of the

sleeve contains the coolant flow within the coolant channels 44 of the hollow inner body 34 and
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to the nose of the tool 10. The coolant containment sleeve 32 also has a sleeve outside diameter
(OD) 52: The OD 52 of the sleeve may be precision ground and provided with a wear resistant
area for use in a bushing 70, as shown in Fig. 8. The wear resistant area is accomplished by the
addition of chrome or carbide to the OD 52. By utilizing a bushing 70 to guide the drill,
improved hole accuracy, repeatability and overall drill performance can be achieved. There is
also provided one or more air intake channels 54 formed on the sleeve OD 52 which provide area
for air intake through the bushing and into the hole being drilled. This air intake into the hole
provides circulation for proper function of the vacuum system. The channels 54 also provide
reduced contact area in the bushing to decrease the amount of heat generated and increase

cooling from the air flow through the bushing.

[0027] As seen in Fig. 6, the coolant inducer sleeve 26 is shown in more detail. The inducer
sleeve 26 ID is mated over the hollow inner body 34 and provides the sealed area necessary for
controlled flow of coolant to the cutting insert. The ID of the coolant inducer sleeve 34 contains
coolant flow within the coolant channels of the hollow inner body 34 and to the coolant
containment sleeve 32. The inducer sleeve 26 OD provides a location for assembly of the rotary
coolant adapter 22 (see Fig. 1) to the drill 10. The coolant inducer sleeve 26 may further include
one or more coolant ports 60 to provide a direct route for coolant flow into the coolant channels
44 of the hollow inner body 34. By providing this direct route of flow from the drill OD, the size
of the central extraction hole 42 is not restricted. Other coolant port designs require decreasing
the central extraction hole size, which negatively affects the chip removal capabilities of the

drilling system.

[0028] In operation, the tool 10 of the invention provides significant benefits achieved by a
combination of utilizing vacuum drilling technology and adding a through coolant delivery
system which effectively extracts metallic materials chips produced by the cutting insert 13. The
coolant delivery system allows for effective use of tool 10 in metal drilling applications, and for
use with continuous chip forming materials. At the same time, the tool 10 is cost-effective to
manufacture, allows significant flexibility for use in different applications, and performs reliably.
It should also be recognized that the ability of drill 10 to contain chips and coolant within the
hollow inner body eliminates the need for a cleanup operation after drilling. Additionally, health
and safety hazards associated with drill operators being exposed to evacuated material are

limited. The insert connection system 36 allows for a range of insert diameters and cutting
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geometries to be interchanged on a éingle drill body. The connection also allows for quick
replacement of worn cutting inserts. This avoids the need with solid twist drills for example, to
grind or re-grind to one diameter and a specific cutting geometry. Onée a solid twist drill is
worn, it must be sent to be reground before another use. The drill 10 eliminates the need for a
large inventory of solid twist drills that are required to cover all needed diameters and cutting
geometries. Even further, the tool 10 provides a through coolant design which allows for use
with a vacuum system. The design allows vacuum drilling technology to be used successfully in
a larger variety of applications. For example, instead of CFRP materials, metal drilling that
could not previously be accomplished with vacuum technology is now successfully drilled with
tool 10. In industries using different materials, such as the aerospace industry, efficient drilling
of metals can be accomplished using the through coolant technology of drilling system 10. The
configuration provides significant benefits over previous drill designs that do not keep the metal
chips and coolant contained within a sealed chip extraction system. The vacuum may be applied
via a hose coupling (not shown) for coupling to a vacuum hose for example. The hose coupling
allows the tool to rotate relative to the vacuum hose while maintaining a substantially air—ﬁght
coupling therebetween. A vacuum can thus be applied through the interior of the tool 10 to an
area proximate to the cutting features of the drill, to thereby draw chips away from the cutting
features of the drill. The vacuum source can be a conventional vacuum source familiar in the art.
In the drilling system 10, the central extraction hole and coolant channel size on the dril]ing
system 10. Coolant and vacuum force/flow recommendations will also be included, although the

drill should not be considered limited to running within these conditions only.

[0029] Tool performance may be enhanced by providing the drill system 10 with the largest
feasible size for the central extraction hole 46. A larger diameter hole 46 will evacuate chips at a
faster rate and be less likely to pack with chips. Hole size is limited by other features on the
drill, as there cannot be interference between the central hole and these other features.
Depending on the drill diameter, features typically limiting the central hole size are either the
through coolant channels or shank diameter. As the system 10 may be run on portable drilling
machines at relatively light feed rates, drill failure due to excessive cutting forces may not be a
significant concern. Further, maximizing the coolant channel size also may benefit performance
in the drilling system 10. A larger coolant channel will flow more coolant and benefit the

drilling operation by better cooling/lubricating the at least one cutting insert 13 and helping the
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vacuum to extract chips. In the example shown, drill features which may limit the size of the
 coolant channel may be the cutting insert screw threads and size of the cutting insert drive ears in

the slotted connection. Other connections may not be so limited.
[0030] In an example, recommended vacuum CFM and static pressures may be as follows:

- 175-225CFM

- 55”7 - 65 static pressure

Recommended coolant pressure (such as a typical shop air supply):

- 80-100PSI

, but other suitable configurations for a particular application are within the invention. In
operation, when the tool 10 is selectively connected to a vacuum source and a coolant source, the
tool 10 provides both a through tool coolant supply as well as a central vacuum extraction
system. The drilling system 10 allows for vacuum pressure to be applied at the location of
cutting insert 13 to draw any cuttings, contaminants and coolant fluids away from the cutting
area. The vacuum extracts such materials to exit through the shank of tool 10. In this manner, a
method of vacuum drilling is provided by providing a drilling tool having a cutting head adjacent
a front end of the system having at least one cutting edge formed thereon, and a hollow shaft
with a plurality of openings adjacent the cutting head. The hollow shaft includes sealed through
coolant channels coupled to a source of coolant fluid, and a vacuum source is applied to the
hollow tube. To facilitate desired vacuum extraction, the openings as well as the diameter of the
interior chamber of the hollow tube 34 are sized to accommodate the largest expected chips so as
avoid blockage. The edges of the openings may be grooved, smoothed or radiused for improved

air and chip flow.

[0031] It should be recognized in the drilling system of the invention, that the present
invention is not limited to the exemplary drill system as shown. The configuration described
herein and the particulars thereof can be readily applied to a variety of systems and applications.
It is therefore understood that the above-described embodiments are illustrative of only a few of

the possible specific embodiments which can represent applications of the invention. Numerous
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and varied other arrangements can be made by those skilled in the art without departing from the

spirit and scope of the invention.
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Claims:

1. A drilling system, comprising a generally cylindrical body member, a cutting head at the
front end of the body member having at least one cutting edge formed in association
therewith, the body member forming a hollow shaft adjacent the cutting head with at
least one opening in the body member adjacent the cutting head, at least one sealed
channel in the body member exterior to the hollow shaft, the at least one sealed channel
formed by a coolant containment system mated to the exterior of the body member to
create the at least one sealed channel, the at least one sealed channel providing a
controlled flow of coolant fluid to the area of the at least one cutting edge, the
containment system further providing one or more air intake channels, and a vacuum
connected to the hollow shaft to apply vacuum pressure through the at least one opening
and hollow shaft.

2. The drilling system of claim 1 wherein the coolant containment system includes a coolant
containment sleeve mated to the body member and coolant inducer to supply coolant to

the coolant containment sleeve.
3. The drilling system of claim 2 further comprising a rotary coolant adapter assembled to
the outside diameter (OD) of the drilling system through which an external coolant

supply is plumbed to provide coolant to the at least one sealed channel.

4. The drilling system of claim 1 wherein the at least one cutting edge is provided by at least

one replaceable cutting insert mounted in association with the cutting head.

5. The drilling system of claim 4 wherein the at least one cutting insert includes two cutting

edges extending from a position along the rotational axis of the drilling system.

6. The drilling system of claim 1 wherein a plurality of openings are provided on the body

member to provide an entrance for chips into the hollow shaft.
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7. The drilling system of claim 5 wherein at least one opening is provided for each of the

cutting edges on the cutting insert.

8. The drilling system of claim 1 wherein the at least one cutting edge is provided on a
replaceable insert and the cutting head has a slotted insert connection for securing the

insert in the cutting head.

9. The drilling system of claim 1 wherein the at least one cutting edge has a cutting

geometry that creates small segmented chips.

10. The drilling system of claim 1 wherein the coolant containment system includes a wear

resistant area, and bushing is mountable on the wear resistant area.

11. A method of performing a drilling operation comprising providing a drilling tool having
a cutting head at a front end of the tool having at least one cutting edge associated
therewith, and a hollow shaft with at least one opening adjacent the at least one cutting
edge, a coolant containment system and at least one sealed channel in the drilling tool
exterior to the hollow shaft and sealed by the coolant containment system, and coupling
a vacuum source to the hollow tube to extract cuttings formed at the cutting head

through the at least one opening.

12. The method of claim 11, wherein the at least one sealed channel is formed by a coolant

containment sleeve mated to the hollow shaft.

13. The method of claim 11 the at least one cutting edge is provided by at least one

replaceable cutting insert mounted at the cutting head.

14, The method of claim 13 wherein the at least one cutting insert includes two cutting

edges extending from a position along the rotational axis of the drilling system.
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15. The method of claim 14 wherein an opening is provided for each cutting edge to provide

an entrance for chips into the hollow shaft.

16. The method of claim 11 further comprising providing for air intake into the drilling tool

by one or more air intake channels.

17. The method of claim 11 wherein the at least one cutting edge has a cutting geometry that

creates small segmented chips in conjunction with a positive feed and peck drilling

operation.

18. The method of claim 11 further comprising connecting an external coolant supply to the

coolant containment system by a coolant inducer.

19. The method of claim 11 further comprising guiding the drilling system using a bushing.

20. The drilling system of claim I, wherein a plurality of sealed channels are provided.

21. The drilling system of claim 1, wherein the one or more air intake channels are formed

in association with the coolant containment system.

22. The drilling system of claim 1, further comprising one or more coolant ports to provide a

direct route for coolant flow into the at least one sealed channel.

23. The drilling system of claim 1 further comprising a bushing to guide the drilling system.

24. The drilling system of claim 1 wherein the at least one sealed channel is formed on the

exterior of the hollow shaft.
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25. The drilling system of claim 1 wherein the diameter of the interior chamber of the
hollow shaft and at least one opening are sized to accommodate the largest expected

chips formed during a drilling operation.
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