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(54) Broach apparatus

(57) A shell-type internal broach assembly has a number of annular insert mounting shells 34, 36 interleaved
with a number of annular spacers 32, and mounted on an arbor 10 and are provided with formations which
align to form a slot to receive a cutting element 16. The annular insert mounting shells are sufficiently short to
permit the use of travelling-wire EDM manufacturing methods. As a result, inserts 16 can be precisely and
accurately located and secured to the annular insert mounting shells, thereby presenting a highly repeatable
broaching configuration to a workpiece. The number and length of the annular spacers used can be varied in
accordance with the strength required by the inserts to resist deformation by the cutting forces.
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BROACH APPARATUS

BACKGROUND OF THE INVENTION
. D _OF NVENTION

The present invention generally relates to broaching machinery,
such as the type used to broach large diameter internal shapes, which
includes an arbor with slots or the like formed in its outer surface or in a
shell fitted over the arbor for receiving a number of broaching inserts.
More specifically, this jinvention relates to such a broach apparatus wherein
the slots are precision formed in a number of annular members whose axial
lengths are sufficiently short to permit manufactux; of the annular members
by electrical discharge machining (EDM) technologies, so as to result in a
more accurate and highly repeatable placement of the inserts relative to the
arbor and, therefore, relative to a workpiece.

2 D ON OF (o)

Various types of internal shape-type broaches have Seen developed
over the years for the purpose of machining splines and various other forms
on workpieces whose configurations permit a broach to be passed completely
through the workpiece. Early forms of such broaches include solid broaches
formed from one-piece bar stock, which typically have a number of
integrally-formed testh. More recently, shell internal broaches have been
developed, which differ from solid broaches in that they include teeth
formed on, or inserts mounted to, a removable shell secured on an arbor.
Shell internal broaches are superior to golid broaches with respect to the
ability to replace only the shell instead of the entire broach when the
teeth or inserts are worn or damaged. However, solid broaches are generally
able to provide greater dimensional accuracy and concentricity than shell
internal broaches, due to normal dimensional variations baing compounded by
the additicnal number of pieces required for shell internal broaches.

A conventional shell internal broach ig shown in Figures 1 and 2.
Generally, one or more tubular-shaped shells 12 are mounted on an arbor 10

S0 as to abut an enlarged portion 22 at one end of the arbor. The shells 12
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are secured to the arbor 10 with a nut 26 threaded onto a threaded portion
24 located at an end of the arbor 10 opposite the enlarged portion 22. Each
shell 12 serves to secure a set of broaching inserts 16 on their periphery,
such that each set of broaching inserts 16 is separately mounted to the
arbor 10. Accordingly, the ability to remove one of the shells 12 and
replace it with another having new or reground broaching inserts 16, which
are of a different diameter and/or a different configuration, provides a
versatility which is not possible with solid broaches. I

The broaching inserts 16 are received in a corresponding number of
ground slots 14 or other precision manufactured shapes formed in the
peripheral surface of the shells 12. The broaching inserts 16 may be
secured in the slots 14 with fasteners, such as the bolts 18 shown or
locking wedges (not shown), as is known in the art. Ptef;rably, a serles of
shaving rings 20 are also mounted on the arbor 10 behind the broaching
inserts 16, such that the shaving rings 20 perform work on a workpiece after
the broaching inserts 16 have completed their work, so as to remove errors
of form introduced into the workpiece by the broaching inserts 16.

As noted above, shell internal broaches of the type shown in
Figures 1 and 2 have a significant shortcoming in that dimonuionui accuracy
and concentricity are less than that of solid broaches as a result of their
additional number of components. This is true even though precision
machining and grinding operations are employed to form the slots 14 on the
shells 12. Because of this, shell internal broaches constructed in
accordance with the prior art are relatively expensive to manufacture, due
to the additional, expensive and time-consuming manufacturing operations
required to sufficiently achieve the pracision desired of the shells 12 and
slots 14. The costs associated with shell internal broaches are further
increased by expenses incurred in their maintenance, such as the need to
regrind the shells 12 and slots 14 as they become worn or damaged.

Further, the machining and/or grinding operations necessitated by

the shell internal broaches taught in the prior art do not lend themselves
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to existing automated or numerically-controlled machining technologies, such
ags electrical discharge machining (EDM) technologies, and in particular,
travelling-wire EDM technologies. Travelling-wire EDM is a highly desirable
manufacturing method in that accuracies of about +/-0.013 mm (+/-0.0005
inches) are readily achievable, with accuracies of better than about
+/-0.005 mm (+/-0.0002 inches) being possible. However, the shells 12 used
by the prior art are prohibitively long to permit the use of travelling-wire
EDM technologies. As a result, the shells 12 and slots 14 must typically be
ground to size, which is generally less precise than travelling-wire EDM.

Accordingly, what is needed is an Lnternai broach apparatus which
is capable of dimensional accuracies and concentricities comparable to that
of solid broaches, yet retains the versatility and interchangeability of
shell internal broaches. It would also be desirable that such an internal
broach provide reduced manufacturing and maintenance costs, as compared to
prior art shell internal broaches, while permitting the use of modern
machining technologies, such as numerically-controlled travelling-wire EDM
operations. .
su OF _THE INVEN

According to the present invention there is provided a shell-type
internal broach assembly which includes a number of annular shells which are
significantly shorter than that taught by the prior art. As a result, the
annular shells can be manufactured using travelling-wire EDM technologies.
The annular shells are interleaved with a number of annular spacers and
mountaed on an arbor. The annular shells are ptocilion-formcd go as to
accurately locate broaching inserts secured thereto, and thereby present a
highly repeatable broaching configuration to a workpiece. The precision by
which the annular shells can be formed with travelling-wire EDM permits the
annular shells to be spaced apart by the annular spacers along th? length of
the arbor, while maintaining concentricity of the annular shells and

accuracy by which the inserts are located relative to the longitudinal axis

of the arbor.
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Each of the annular shells of this invention have at least one
receptacle formed on its periphery. The annular shells are then aligned on
the arbor so as to align each of the receptacles, which together define a
segmented elongate slot extending substantially longitudinally along the
length of the arbor. The annular spacers are mounted on the arbo; such that
at least one of the annular spacers is disposed between at least one
adjacent pair of annular shells. The outer diameter of the annular spacers
is less than the outer diameter of the annular shells when measured at the
receptacle, such that the elongate slot is segmented but not interrupted by
the annular spacers. Each of the annular shells and annular spacers are
retained on the arbor by a suitable device, such as a nut threadably mounted
on the arbor.

In a preferred embodiment, the inserts are elongate, such that two
inserts, placed end to end, will fill the entire length of the elongate slot
formgd by the aligned receptacles in the annular shells. The number and
axial spacing of the annular shells on the arbor determines the léngth of
the segmented elongate slot, while the number of segmented elongate slots
determines the number of inserts which the annular shells are capable of
supporting.

According to a preferred aspect of this invention, the precision
by which the annular shells are manufactured is significantly improved
through the use of travelling-wire EDM technologies. 2As a result, the
precision, accuracy and repeatability by which the receptacles are formed in
the annular shells, as well as the concentricity of the annular shells, are
significantly improved. Consequently, the shell broaching apparatus of this
invention is capable of presenting a highly repeatable broaching
configuration to a workpiecs.

In addition, the shell broaching apparatus of this invention
retains the aforementioned advantages associated with shell broaches,
namely, interchangeability and versatility to allow the annular shells to be

readily replaced with other annular shells having a different diameter

and/or configuration.
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Another significant advantage of this invention is that the use of
the annular spacers effectively reduces the cost of the shell internal
broach apparatus, in that the simple cylindrical outer surface of'the
annular spacers are less expensive to manufacture than the complex surface
features necessary to accurately receive the inserts on the periphery of the
annular shells. Furthermore, the number and length of the annular spacers
used may be varied in accordance with the strength required by the inserts
to resist deformation by the cutting forces. The annular spacers also
facilitate chip removal during the operation of the' shell internal broach
apparatus, in that the spacs provided by the annular spacers between
adjacent annular shells can accommodate the chips and swarf generated by the
broaching process.

Accordingly, it is an object of the present invention to provide a
broaching apparatus whose construction promotes the dLmenui&naL precision of
the broaching apparatus, so as to enable the broaching apparatus to present

a highly repeatable broaching configuration to a workpiece.

It is a further object of the invention that the broaching
apparatus be a shell-type internal broaching apparatus having a number of
annular insert mounting shells, each of which are readily removable from an
arbor to permit replacement with other annular insert mounting shells.

1t is still a further objact of the invention that the broaching
apparatus include a number of annular spacers positioned betwesn adjacent

pairs of annular insert mounting shells.

It is another object of the invention that the broaching apparatus
enable the use of automated or numerically-controlled travelling-wire EDM
technologies, which promote the precision, accuracy and repeatability by
which the insert receptacles are formed in the annular insert mounting
shells, as well as the concentricity of the annular insert mounting shells.

It is yet another object of the invention that the number and
length of the annular spacers may be varied to meet the strength required by

the inserts in order to resist deformation by the cutting forces.
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Other objects and advantages of this invention will become more
apparent after a reading of the following detailed description taken in N
conjunction with the drawings provided.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side view of a shell internal broaching assembly
known in the prior art; |

Figure 2 is a transverse cross-sectional view taken along line 2-2
of Figure 1;

Figure 3 is a partial cross-sectional side view of a shell
internal broaching assembly constructed in accordancalwith a preferred

embodiment of this invention;

Figure 4 is a cross-sectional view taken along line 4-4 of Figure
Figure 5 is a cross-sectional view taken along line 5-5 of Figure

Figure 6 is a cross-sectional view of an annular insert mounting
shell used to support an end of a broaching insert;

Figure 7 is a cross-sectional view of an annular insert mounting
shell used to support an intermediate portion of a broaching insert;

Pigure 8 is a cross-sectional side view taken along line 8-8 of
both Figures 6 and 7; and

Figure 9 is a side view of a broaching insert.

C N PR 0D
With reference to Figure 3, there is shown in partial

cross-section a side view of a shell internal broach assembly 28 in

W

accordance with a preferred embodiment of this invention, with various
features of the shell internal broach assembly 28 being illustrated in
Figures 4 through 9. As illustrated, the shell internal broach assembly 28
includ;s a pulling arbor 10 which is substantially similar to the arbor 10
shown in Figures 1 and 2 of the prior art. In contrast to the prior art

shell internal broach assembly {llustrated in Figures 1' and 2, the shell
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internal broach assembly 28 of this invention has a number of annular-shaped
insert mounting shells which are formed to receive a number of broaching
inserts 16, as shown in Figures 3 through 5.

The annular insert mounting shells are composed of a set of end
annular shells 34, as shown in Figure 6, and a set of intermediate annular
shells 36, as shown in Figure 7. A8 pest seen in Figure 8, the end annular
shells 34 and the intermediate annular shells 36 have the same
cross-sectional configuration. The end annular shells 34 and the
intermediate annular shells 36 have formed in their respective peripheries
an identical number of slots 42. 1In accordance with this invention, the
intermediate annular shells 36 and the end annular shells 34 are l
annular-shaped, having an axial length which is less than their outer
diameters. Because of their shorter axial lengths, the end annular phells
34 and the intermediate annular shells 36 can be machined using
electronically-controlled machining equipment, such as numerical controlled
(NC) EDM equipment (not shown), and more preferably, travelling-wire EDHM
equipment. Such technologies are within the scope of those skilled in the
art, and will not be described in further detail.

By using travelling~wire EDM manufacturing methods, the profiles
of the end and intermediate annular shells 34 and 36 can be more accurately
produced with higher repeatability, so as to provide a more accurate and
precise placement of the broaching inserts 16 relative to the puliing arbor
10. In addition, travelling-wire EDM methods can be used to form
precisely-locagad alignment holes 50 in the end and intermediate annular
shells 34 and 36. The alignment holes 50 are used during assembly of the
shell internal broach assembly 28 to axially align the end annular shells 34
and the intermediate annular shells 36 relative to each other on the pulling
arbor 10.

When properly aligned with each other, the slots 42 in the end

annular shells 34 and the intermediate annular shells 36 define a

corresponding number of segmented elongate slots extending along the axial
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length of the pulling arbor 10. Each of the segmented elongate slots is
sized to accommodate at least one broaching insert 16, as shown in Figures
4, 5 and 9. The broaching inserts 16 have lower portions 48 receivable in
the slots 42 of the end and intermediate annular shells 34 and 36, such that
a number of cutters 30 project radially from the end and intermediate
annular shells 34 and 36, as seen in Figures 4 and 5.

In a preferred embodiment, each of the segmented elongate slots
are sufficiently long so as to accommodate two broaching inserts 16 which
are elongate and lying end to end, as shown in Figure 3. Accordingly, the
shell internal broach assembly 28 is apportioned into two broaching
sections. Each broaching insert 16 provides a gradual but continuous taper
to the broaching configuration diameter defined by the radially outward edge
of diametrically-opposed broaching inserts 16. While it is preferred that
the broaching inserts 16 be elongate for practicing this invention, it is
foreseeable that one skilled in the art could greatly vary the size and -
length of the broaching inserts.

As seen in Figures 6 and 7, the end annular shells 34 are
gubstantially wider than the intermediate annular shells 36 so as to
accommodate two threaded bores 38 and 40 provided at the bottom of each slot
42, while a single threaded bore 46 is formed in the bottom of ea;h slot 42
in the intermediate annular shells 36. Each of the threaded bores 38, 40
and 46 receives a threaded fastener, such as the bolts 18 shown in Figure 4,

Each broaching insert 16 has a plurality of mounting bores, such
as the four countersunk mounting bores 44 shown in Figure 9. One
countersunk mounting bore 44 is provided at each end of the broaching insert
16, while other mounting bores 44 are located at equally spaced intermediate
locations as lhown.v Two bolts 18 secure the ends of each broaching insert
16 to a corresponding end annular shell 34 through the corresponding pair of
the countersunk mounting bores 44, while additional bolts 18 secure

intermediate portions of each broaching insert 16 to an appropriate number

of intermediate annular shells 36, two as illustrated, through coirespondinq
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countersunk mounting kores 44. The combination of spacing the countersunk
mounting bores 44 on the proaching inserts 16 and the gshort axial lengths of
the end and intermediate annular shells 34 and 36 results in the end and
intermediate annular shells 34 and 36 being axially spaced apart along the
length of the pulling arbor 10. Those skilled in the art will recognize
that the amount of intermediate support required for the broaching inserts
16 will depend on the length of the broaching inserts 16 and the deformation
loads imposed by the broaching operation. Accordingly, fewer or more
intermediate annular ghells 36 may be required to a;fficiently support the
intermediate portions of the broaching inserts 16.

Annular spacers 32, shown in cross-section in Filgure 5, are sized
to have an axial iength which allows the annular spacers 32 to fit between
adjacent end and intermediate annular shells 34 and 36. The outer surface
52 of the annular spacers 312 has an outer diameter which is ;lightly less
than the diameter defined between the bottom of diametrically-opposed slots
42 on the end and intermediate annular ghells 34 and 36. Because the outer
surface 52 of the annular spacers 32 is spaced radially inward from the
lower portion 48 of the broaching inserts 16 and, therefore, does not
interfere with the pbroaching inserts 16 when mounted in the slots 42, no
critical or precision grinding or machining is required to fabricate the
outer surfaces of the annular spacers 32.

In addition to the above, the shell internal broach assembly 28 of
this invention may include a number of shaving rings 20, as taught by the
prior art. To lock the end and intermediate annular shells 34 and 36 and
the shaving rings 20 on the pulling arbor 10, the shell internal broach
assembly 28 conventionally will also include a nut 26 or other suitable
device which is threadably received on a threaded portion 24 of the pulling
arbor 10. Generally, the end and intermediate annular shells 34 and 36 will
be mounted on the pulling arbor 10 such that the first end annular shell 34
will abut an enlarged portion 22 at an end of the pulling arbor 10 opposite

the nut 26, as shown in Figure 3.
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From the above, it can be seen that a significant advantage of the
shell internal broach assembly of this invention is that the substantially
shorter axial lengths of the end and intermediate annular shells 34 and 36
permit their manufacture using precision manufacturing techniques, such as
travelling-wire EDM technologies. As a result, the precision, accuracy and
repeatability by which the slots 42 are formed in the end and intermediate
annular shells 34 and 36, as well as the concentricity of the end and
intermediate annular shells 34 and 36, are significantly improved over
conventional machining methods. consequently, the shell internal broach
assembly 28 of this invention is capable of presenting a highly repeatable
broaching configuration to a workpiece. 1In contrast, the shells 12 known in
the prior art (Figures 1 and 2) are substantially longer, generally to
provide a high length to diameter ratio for stability. However, the
excessive lengths of such shells 12 prevent the use of travelling-wire EDM
methods, resulting in less precige machining of the shells 12 and,
therefore, less precise placement of the broaching inserts 16 relative to
the arbor 10.

In addition, the shell internal broach agsembly 28 of this
invention promotes interchangeability and versatility in that the end and
intermediate annular shells 34 and 36 may be readily replaced with other end
and intermediate annular shells 34 and 36 having a different diameter and/or
configuration, such as the number and/or positions of the broaching inserts
16.

Another significant advantage of this invention is that the use of
the annular spacers 32 effectively reduces the cost of the shell internal
broach assembly 28,.1n that the simple cylindrical outer surface of the

annular spacers 32 is less expensive to manufacture than the slots 42 in the

~end and intermediate annular shells 34 and 36, which must be accurately

formed to receive the broaching inserts 16. Furthermore, the number and
length of the annular spacers 32 used can be varied in accordance with the

strength required by the broaching inserts 16 to resist deformation by the

4
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cutting forces. The annular spacers 32 also provide the advantage of
facilitating chip removal during the operation of the shell internal broach
assembly 28, in that the space provided by the annular spacers 32 between
adjacent end and intermediate annular shells 34 and 36 can accommodate the
chips and swarf generated during the broaching process.

while the invention has been described in terms of a preferred
embodiment, it is apparent that other forms could be adopted by one skilled
in the art. For example, the gsize and number of end and/or intermediate
annular shells 34 and 36, as well as the manner in which they ars‘retained
on the pulling arbor, could be varied from that shown in the Figures.
Additionally, other styles of broaching inserts 16 could be used.

Accordingly, the scope of the invention is to be l1imited only by the

following claims.
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CLAIMS 12

1. A broach apparatus comprising:

an arbor;

a plurality of annular members disposed on said arbor, each
of said plurality of annular members having a receptacle formed on its
periphery, sald plurality of annular members being aligned on said arbor so
as to align each said receptacle and thereby define an elongate slot
extending substantially longitudinally along sald arbor; .

a plurality of annular spacers disposed on said arbor, at
jeast one of said plurality of annular spacers being disposed between at
least one adjacent pair of said plurality of annular members; and

means disposed on said arbor for retaining said plurality of
annular members and said plurality of annular spacers concentrically
positioned relative to each other on said arbor.

2. The broach apparatus of Claim 1 further comprising a
plurality of shaving rings disposed at one end of said arbor so as to be
substantially concentric with said plurality of annular members.

3. The broach apparatus of Claim 1 further comprising at least
one insert retained in said elongate slot. .

4. The broach apparatus of Claim 3 further comprising:

end mounting members disposed adjacent each end of said at
least one insert, said end mounting members securing said at least one
insert to at least two of said plurality of annular members; and

an intermediate mounting member disposed between adjacent end
mounting members on said at least one insert, said intermediate mounting
member securing said at least one insert to at least one of said plurality
of annular members.

5. The Sroach apparatus of claim 1 further comprising at least
two inserts retained in said slongate slot.

6. The broach apparatus of Claim 5 wherein adjacent ends of said

at least two said inserts are secured to one of said plurality of annular

members.

7. The broach apparatus of claim 1 wherein each of said

plurality of annular members has a plurality of receptacles formed on its
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periphery, said plurality of annular members being aligned on said arbor so
as to align said plurality of receptacles and thereby define a plurality of
elongate slots extending substantially longitudinally along said arbor, said
broach apparatus further comprising at jeast one insert retained in each of
paid plurality of elongate slots.
8. An internal broach apparatus comprising:

an arbor having an abutment, a threaded portion ppaced apart
from said abutment, and a cylindrical portion intermediate said abutment and
said threaded portionj

a plurality of annular members disposed on sald cylindrical
portion of said arbor, each of said plurality of annular members having a
plurality of slots formed on its periphery, said plurality of annular
members being aligned on said arbor so as to allgn said plurality of slots

to define a plurality of segmented elongate slots extending substantially

longitudinally along said arborj;

a plurality of annular spacers disposed on said cylindrical
portion of sald arbor so as to be substantially concentric with s;Ld
plurality of annular members, at least one of said plurality of annular
spacers being disposed between at least one adjacent pair of said plurality

of annular members;

a plurality of inserts secured within said plurality of
saegmented elongate slots; and

means threadably mounted to said threaded portion for
retaining said plurality of annular members and said plurality of annular
spacers on said cylindrical portion of said arbor.

9. The internal broach apparatus of Claim 8 wherein said

plurality of annular spacers are jnterleaved with said piurality of annular

members.

10. The internal broach apparatus of claim 8 further comprising a
plurality of shaving rings disposed on said cylindrical portion adjacent
said threaded portion of said arbor, said plurality of shaving rings being

substantially concentric with said plurality of annular members.

11. The internal broach apparatus of Claim 8 wherein said
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retaining means comprises a threaded nut.
12. The internal broach apparatus of Claim 8 further comprising:
end mounting members disposed adjacent each end of each of
said plurality of inserts, gaid end mounting members securing said each of
said plurality of inserts to at least two of said plurality of annular

members; and

an intermediate mounting member disposed between adjacent end
mounting members on said each of said plurality of inserts, said
intermediate mounting member securing said each of said plurality of inserts
to at least one of said plurality of annular members.!

13. The internal broach apparatus of Claim 8 wherein at least two
of said plurality of inserts are secured in each one of said plurality of
segmented elongate slots.

14. The internal broach apparatus of Claim 13 wherein adjacent
ends of said at least two of said plurality of inserts are secured to one of
said plurality of annular members.

15. An insert mounting assembly for an internal broach apparatus
having an arbor, said arbor having an abutment, a threaded portion spaced
apart from said abutment, and a cylindrical portion intermediate said
abutment and said threaded portion, sald internal broach apparatus
supporting a plurality of ;nserts and including a threaded member mounted to
said threaded portion, said insert mounting assembly comprising:

a plurality of annular members disposed on said cylindrical
portion of said arbor, sach of said plurality of annular members having at
jeast one slot formed on its periphery, said plurality of annular members

being aligned on said arbor so as to align said at least one slot of each of

said plurality of annular members so as to define at least one segmented
elongate slot extending substantially longitudinally along said arbor, said
at least one segmented elongate slot receiving at least one of said
plurality of inserts;

means for securing said at least one of said plurality of
inserts in said at least one segmented elongate slot; a;d

a plurality of annular spacers disposed on said cylindrical

R
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portion of said arbor, at least one of gaid plurality of annular spacers
being disposed between at least one adjacent pair of said plurality of
annular members.

16. The insert mounting assembly of Claim 15 wherein said
plurality of annular spacers are interleaved with said plurality of annular

members.

17. The insert mounting asgembly of Claim 15 wherein said at
least one slot formed on the periphery of each of said plurality of annular
members is a plurality of axial slots, said plurality of annular members
peing aligned on said arbor so as to align said pluraiity of axial slots and
thereby define a plurality of segmented elongate slots extending

substantially longitudinally along said arbor, at least one of said

p;urality of inserts being retained in each of said plurality of segmented

elongate slots.
18. The insert mounting assembly of Claim 15 further comprising:
end mounting members disposed adjacent each end of each of
said plurality of inserts, said end mounting members securing said each of
said plurality of inserts to at least two of said plurality of annular

members; and

an intermediate mounting member disposed between adjacent end
mounting members on said each of said plurality of inserts, said
intermediate mountiﬁg member securing said each of said plurality of inserts
to at least one of salid plurality of annular members.
19. The insert mounting assembly of Claim 15 wherein at least two

of l;ld plurality of inserts are secured in each said at least one segmentsd

elongate slot.

20. The insert mounting assembly of Claim 19 wherein adjacent

ends of said at least two of said plurality of inserts are secured to one of

said plurality of annular members.
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21. A broach apparatus substantially as herein described with reference to figures 3

to 9 of the accompanying drawings.

22.  An insert mounting assembly for internal broach apparatus, substantially as

herein described with reference to figures 6 to 9 of the accompanying drawings.
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