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APPARATUS AND METHOD FOR BORING A
HOLE IN A BROKEN BOLT

to bore a hole in the center of a broken bolt so that an
extractor device can engage the broken bolt and remove it

drilling into the bore wall. To prevent the drill bit from
wandering in such a manner. a starting depression is typi
cally made in the broken element with a pointed punch. This
operation requires a punch of the proper size and requires a
great deal of time and skill to be performed properly. The
process is especially dif?cult for broken elements with
narrow diameters that are broken at points deep within the
bore.
US. Pat. No. 4.831.902 to McClure. entitled BROKEN

from the threaded aperture in which it lays. More
speci?cally, the present invention relates to a device that can

removing a broken element of a comparatively large diam

be used to bore a hole in a broken bolt regardless of whether
the bolt has broken above or below the open end of the

of off-axis longitudinal holes formed therethrough. The

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to devices that can be used

threaded aperture in which the bolt lays.
11. Prior Art Description
When a bolt is over-torqued in a threaded aperture.
cross-threaded or driven into a non-compatible threaded
aperture, it is common for the drive head of the bolt to break
off of the shaft of the bolt. This is especially common when
power wrenches are used to drive the bolt since the power
Wrench can break the bolt before the operator realizes that an
over torque condition exists. Tool elements that break in a

BOLT EXTRACI‘OR. shows a prior art device usable for
eter. The device includes a threaded member with a plurality
off-axis holes are used to guide a drill bit as the drill bit drills
15

20

bore occur in other machining operations such as tapping
threads into a bore. reaming a bore. drilling a bore or the
like. In such situations hardened tools are used that easily
fracture if they are over-torqued or otherwise heavily
stressed. Accordingly. it is very common to have a tap.

25

system can only be used on bolts broken well below the
surface bore. and the presence of the drill bits within the

threaded member damages the threaded member creating a
relatively short useful life for the device.
Recognizing the inherent di?iculties in drilling holes in
broken elements. other systems have been developed that do
not require the drilling of holes. One such method includes
welding a drive nut member to the broken element. Such
devices and methods are exempli?ed by US. Pat. No.
5.125.144 to Clark. entitled EXTRACTOR FOR BROKEN
OFF TAPS AND THE LIKE AND METHOD OF
EXTRACTING THE SAME. and US. Pat. No. 4.138.909 to
Johnson. entitled BOLT EXTRACI‘OR. In both of these

rearner or drill bit break in a bore.

When a bolt. tap. rearner. drill bit or other such tool breaks
in a bore. the tool either breaks at a point below the surface

containing the bore or at a point above the surface containing
the bore. The techniques used in removing a broken element
either above or below the surface of the bore often diifer

greatly and traditionally require diiferent tools.
When a broken element extends well above the surface

into the broken element. Rods are then passed through the
holes into the broken element. whereby the rods join the
broken element to the threaded member. The broken element
is then removed by engaging and turning the threaded
member. The disadvantage of this prior art system is that it
is highly complex and di?icult to use. Furthermore. the

35

references. a guide is placed into the bore in which the
broken element is located. A welding electrode is then
passed through the guide and is used to weld the guide to the
broken element. The disadvantage of this system is that it

containing the bore. the broken element can simply be

requires specialized welding equipment. Also. the bore may

engaged with a Wrench or pliers and turned. If the broken
element is threaded. a locldng nut can be threaded onto the

be damaged by the heat of the weld and there remains the
possibility that the broken element may become perma

shaft of the element, followed by a drive nut. The locking

nently welded into place Within the bore.
40

is turned with a wrench. thereby unthreading the broken
element.

Accordingly. although the process of drilling a hole in a
broken element has its disadvantages. it is still the preferred
method used in the art. To simplify the methods of drilling

entitled SCREW EXTRACTOR. From these references. it

ing the bore.

nut is used to hold the drive nut in place and the drive nut

a hole in a broken element and engaging the hole with a
However. when a broken element is broken below the
rearner. drill bits and rearners have been combined into
surface containing the bore or at a point very close to the 45 single extraction devices. Such a device is exempli?ed by
surface. the methods used to remove the broken element
US. Pat. No. 5.031.487 to Polonsky, entitled BROKEN
become far more complex. One of the oldest methods of
BOLT EXTRACI‘OR. In this device a ?ange is placed over
removing a broken element involves drilling a hole down the
the bore that contains the broken element. Areamer engages
center of the broken element. driving a spline or rearner into
the ?ange as a bit drills a hole in the broken element. The
the newly formed hole and turning the spline or rearner to
?ange is then removed and the rearner engages the hole
unthread the broken element. Such methods and devices are
made by the bit. The disadvantages of this device is that it
exempli?ed by US Pat. No. 1.458.076 to Potts, entitled
is very expensive to manufacture and both the rearner and bit
EXTRACTING DEVICE; US. Pat. No. 2.684.526 to
must be sized to match the broken element. Accordingly.
Hoover. entitled METHOD FOR BACKING OFF BRO
such a device can only be used on broken elements that are
KEV STUDS; and US Pat. No. 2.121.197 to Jackman. 55 broken within the bore at a point below the surface contain
should be seen that once a hole is drilled down the center of
a broken element. there are many devices that can be used

to quickly and easily unthread the broken element. The hard
part of removing a broken element from a bore is drilling the
hole down the center of the broken element.
When a bolt. tap. rearner. drill bit or the like breaks in a

bore. the surface at the point of breakage is rarely ?at.

A need therefore exists in the art for a device that can be

quickly and easily used to create a hole in a broken element
regardless of whether that broken element extends out of a
bore or not.

There also exists a need in the art for a broken element

extractor that is inexpensive and adaptable to a wide range
of broken element diameters.

Furthermore. the metal used in the bolt. tap. rearner or drill
SUMMARY OF THE lNVENTION
bit is typically hardened. As a result. it is very dif?cult to 65
drill a hole in the broken element without the drill bit
The present invention is a device and associated method
walking across the surface of the broken element and
for drilling a hole in the center of a broken element that is
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engaged within a bore, thereby enabling the broken element
to be retracted by engaging the newly drilled hole. The

the drill bit assembly 20 into a predetermined orientation
whereby the drill bit assembly 20 is capable of drilling a hole

present invention includes a collar member that de?nes an

down the center of the broken bolt 14. The hole can be
drilled in the broken bolt 14 without any preparation. such
as guide depressions. being formed in the top surface 16 of
the broken bolt 14. Once a hole is formed within the broken
bolt 14. the broken bolt 14 can be removed from the threaded
bore 12 utilizing a spline. rearner or other prior art device.
Referring to FIG. 2, it can be seen that the collar member

open central channel between two opposite ends. The collar
member includes a male region adapted to engage the bore
should the broken element be broken within the bore below
the surface. The collar assembly also includes a female
region adapted to engage the broken element, should the
broken element extend out of the bore. Regardless of
whether the male region engages the bore or the female

10

22 has an exterior threaded region 24 and an interior

region engages the broken element. the collar member aligns

threaded region 25. The threaded diameter D1 of the exterior

the open central channel over the center of the broken
element. A drill bit is then advanced through the open central
channel. whereby the open central channel acts as a drill

threaded region 24 is the same as the threaded diameter D2
of the interior threaded region 25. Additionally, the threads
26 on the exterior threaded region 24 have the same thread
size and pitch as the threads 28 on the interior threaded

guide and prevents the drill bit from wandering away from
the center of the broken element. Once the hole is drilled in
the center of the broken element, the collar member is
removed and the broken element is removed by a second
device that engages the hole newly drilled in the center of
the broken element.

region 25. The interior threaded region 25 de?nes a central
circular aperture 29. The exterior threaded region 24 also
de?nes a central circular aperture 30 having a diameter D3.
For a purpose to be later described. the diameter D3 of the
20

BRIEF DESCRIPTION OF THE DRAWINGS

threaded, but is rather smooth. Additionally. in the preferred

For a better understanding of the present invention. ref
erence is made to the following description of two exem

plary embodiments thereof. considered in conjunction with
the accompanying drawings. in which:
FIG. 1 is an exploded view of one preferred embodiment
of the present invention. shown in conjunction with an
object that de?nes a bore. wherein an element is broken
within the bore;
FIG. 2 is an exploded view of the embodiment shown in
FIG. 1 with the collar member being cross-sectioned and

embodiment. the collar member 22 is preferably made of a
25

30

viewed along section line 2-2;
FIG. 3 shows the embodiment of FIG. 1 in use while
drilling a hole in a broken element;
FIG. 4 shows the embodiment of FIG. 1. in an exploded

aperture 30 is slightly wider than the diameter D4 of the drill
bit 42 contained within the drill bit assembly 20. The
aperture 30 de?ned by the exterior threaded region 24 is not

35

tool grade steel that is highly hardened.
The threaded diameter. pitch and thread size of the
exterior threaded region 24 matches the threaded diameter,
pitch and thread size of the threaded bore 12. Accordingly.
the exterior threaded region 24 of the collar member 22 may
be screwed into the threaded bore 12 until the bottom surface
31 of the exterior threaded region 24 either abuts against the
top surface 16 of the broken bolt 14 or the bottom surface 33
of the interior threaded region 25 abuts against the face
surface 18 of the bored object 10. The small aperture 30 of

the exterior threaded region 24 is concentrically positioned
along the longitudinal axis of the collar member 22. As such.
the small aperture 30 aligns over the exact center of the
broken bolt 14 as the collar member 22 is advanced into the
threaded bore 12.
The drill bit assembly 20 includes a drill bit 42 having

presentation. in conjunction with a broken element that

extends out of a bore;
FIG. 5 shows the embodiment of FIG. 4 in use while 40
drilling a hole in a broken element;
diameter D4. A spring stop collar 44 is ?rmly a?ixed to the
FIG. 6 is an exploded view of a second preferred embodi- '
drill bit 42 at a point on the un?uted shaft region 43 of the

ment of the present invention. shown in conjunction with an
object that de?nes a bore, wherein an element is broken
within the bore; and
FIG. 7 is an exploded view of the embodiment shown in
FIG. 6 with the collar member being cross-sectioned and
viewed along section line 6—6.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

drill bit 42. The spring stop collar44 engages and retains one
end of a return spring 46. The return spring 46 extends
45
forward around the drill bit 42 but does not engage the drill
bit 42 in any manner other than through the spring stop
collar 44. An abutment plate 48 is attached to the return

spring 46 at the end of the spring opposite the spring stop
50

Although the present invention can be used to remove any
broken tool from a bore. such as a tap, reamer. drill bit,

dowel or the like. the present invention is especially suited
to remove a broken bolt from a threaded bore. Accordingly,

the present invention will be described in conjunction with

55

collar 44. The abutment plate 48 is ?rmly af?xed to the
return spring 46 but does not engage the drill bit 42. Rather,
the abutment plate 48 is annular in shape and de?nes a
central aperture 49. The drill bit 42 passes through the

central aperture 49, thereby extending beyond the abutment
plate 48.
OPERATION OF THE FIRST EMBODIMENT

removing a broken bolt from a threaded bore so as to set

Referring to FIG. 3 in conjunction with FIG. 2. it can be

forth the best mode of the present invention.
Referring to FIG. 1. there is shown an object 10 that
de?nes a threaded bore 12. A broken bolt 14 is disposed
within the threaded bore 12. having a top surface 16 that is
located below the face surface 18 of the object 10. The
present invention includes a drill bit assembly 20 and a
collar member 22. As will be later explained the collar

seen that when a broken bolt 14 is within a threaded bore 12

and the top surface 16 of the broken bolt 14 does not extend
out of the threaded bore 12, the exterior threaded region 24
of the collar member 22 is threaded into the threaded bore
12. If the top surface 16 of the broken bolt 14 is close to the
face surface 18 of the object 10 de?ning the threaded bore
65 12, as is shown in FIG. 3. the collar member 22 is threaded
member 22 engages the threaded bore 12 and acts as a guide
into the bore 12 until the bottom surface 31 of the collar
for the drill bit assembly 20. The collar member 22 guides
member 22 abuts against the top surface 16 of the broken

5,649,791
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bolt 14. If the top surface 16 of the broken bolt 14 were deep
within the threaded bore 12. the collar member 22 would be
threaded into the bore 12 until the bottom surface 33 of the
interior threaded region 25 abutted against the face surface
18 of the bored object 10. Once threaded into the bore 12.

surface 56 of the collar member 22 abuts against the face
surface 18 of the bored object 10.
Once the collar member 22 is in place. the drill bit 42 is
advanced through the small aperture 30 in the exterior
threaded region 24 of the collar member 22. As the drill bit
42 is advanced. the abutment plate 48 contacts the end

the small aperture 30 Within the exterior threaded region 24
is concentrically aligned over the center of the broken bolt
14. Similarly. the central aperture 29 de?ned by the interior
threaded region 25 also concentrically aligns with both the

surface 56 of the collar member 22. thereby compressing the
return spring 46. The drill bit 42 is guided by the small
aperture 30. wherein the drill bit 42 contacts and drills a hole
in the center of the broken bolt 52. After the hole is drilled.
the drill bit assembly 20 and the collar member 22 are
removed and the bolt is removed with any prior art bolt
extraction device that requires a hole be drilled in a broken
bolt.
In the embodiment shown and described in FIGS. 1-5. the
collar member 22 was shown having regular machine
threads in the interior threaded region 25 and the exterior

small aperture 30 and the center of the broken bolt 14.
The non-?uted shaft 43 of the drill bit 42 is coupled to a
drill in a conventional manner. Once coupled. the drill bit

assembly 20 is advanced into the collar member 22. The tip
of the drill bit 42 passes through the interior threaded region
25 and extends into the small aperture 30 de?ned by the
exterior threaded region 24. The return spring 46 and the
abutment plate 48 pass into the aperture 29 de?ned by the
interior threaded region 25 until the abutment plate 48
engages the transition surface 50 in between the aperture 29
of the interior threaded region 25 and the small aperture 30
of the exterior threaded region 24.

threaded region 24. Such a threading is merely exemplary
20

and it should be understood that the simple machine threads
can be replaced with cutting threads wherein the interior

The drill bit 42 can be advanced through the collar
member 22 by applying a force F to the drill bit 42. As the

threaded region and exterior threaded region would act as a
tap and die. As a result. if the exterior threaded region was

drill bit 42 is advanced through the collar member 22. the
return spring 46 becomes compressed in between the abut
ment plate 48 and the spring stop collar 44. The compression
of the return spring 46 therefore provides a bias in opposi

its own thread as it was advanced. Similarly. if the interior
25
threaded region was advanced over the shaft of a broken

advanced into a bore. the exterior threaded region would cut
bolt. the interior threaded region would cut its own thread

onto the shaft.
tion to the force F that acts to retract the drill bit 42 into the
collar member 22. The abutment plate 48 has the same
Second Preferred Embodiment
general diameter as does the transition surface 50 de?ned 30

Referring to FIG. 6 and 7. a second embodiment of the
present invention is shown having a drill bit assembly 20 and
a collar member 60. The drill bit assembly 20 is the same as

within the interior threaded region 25. Accordingly, the
aperture 29 of the interior threaded region 25 retains the
abutment plate 48 and holds the abutment plate 48 concen
nically aligned with the longitudinal axis of the collar
member 22. The diameter D3 of the small aperture 30

in the previously described embodiment. As such. the same
35

de?ned by the exterior threaded region 24 is only slightly
larger than the diameter D4 of the drill bit 42. As such. the
small aperture 30 within the exterior threaded region 24
holds the drill bit 42 straight. preventing the drill bit 42 from

bending away from its nominal concentric position.

40

As the drill bit 42 is advanced through the collar member
22, the tip of the drill bit 42 engages the top surface 16 of
the broken bolt 14 and begins to drill a hole down the center
' of the broken bolt 14. even if the top surface 16 of the broken

bolt 14 is highly uneven. The presence of the drill bit 42 in
the collar member 22 prevents the drill bit 42 from wan

45

dering. Accordingly. the drill bit 42 drills a hole directly
down the center of the broken bolt 14. Once the hole is
drilled. the force F is removed and the return spring 46
retracts the drill bit 42 out of the broken bolt 14. The drill bit
assembly 20 is then removed from the collar member 22 and
the collar member 22 is removed from the threaded bore 12.
The broken bolt 14 can then be removed by any prior art bolt
extraction device that requires a hole be drilled in a broken
bolt.

is concentrically disposed along the longitudinal axis of the
collar member 60 and has a diameter just slightly larger than
the diameter of the drill bit 42 in the drill bit assembly 20.
The second region 64 of the collar member 60 de?nes a

tapered cavity 72. The tapered cavity 72 has its widest point
55

Referring to FIGS. 4 and 5. it can be seen that when a
broken bolt 52 extends above the face surface 18 of a bored
object 10. the collar member 22 is inverted so that the

threaded interior region 25 threads onto the portion of the
broken bolt 52 that extends above the bored object 10. The
exterior threaded region 15 of the collar member 22 is
threaded onto the broken bolt 52 until the transition surface
50 in between the aperture 29 of the interior threaded region
25 and the small aperture 30 of the exterior threaded region
abuts against the top surface 54 of the broken bolt 52.
Alternatively. if the broken bolt is not that long. the collar
member 22 is threaded onto the broken bolt 52 until the end

numbers shall be used in identifying the components of the
drill bit assembly 20 and the drill bit assembly 20 itself. need
not be described again.
The collar member 60 has a ?rst region 62 with external
cutting taps 63 and a second region 64 with internal cutting
taps 65. The exterior 66 of the second region 64 is shaped
like a hexagonal nut to facilitate the collar member 60 being
engaged and turned by a wrench. The ?rst region 62 of the
collar member 60 is tapered. whereby the end surface 67 of
the ?rst region 62 is its most narrow point. The external
cutting taps 63 follow the tapered contour of the ?rst region
62 in a helical progression. A small aperture 70 is de?ned
within the center of the ?rst region 62. The small aperture 70

along the end surface 73 of the collar member 60. The
tapered cavity 72 communicates with the small aperture 70
within the ?rst region 62. wherein both the tapered cavity 72
and the small aperture 70 are concentrically aligned The
internal cutting taps 65 follow the tapered contour of the
tapered cavity 72. advancing across the tapered contour in a

helical progression.
Operation of the Second Embodiment
In FIG. 6 a broken bolt 14 is shown broken below the
surface. For such a circumstance. the ?rst region 62 is turned
into the bore 12 until the external cutting taps 63 on the ?rst
65

region 62 cut into the bore 12 and hold the ?rst region 62 of
the collar member 60 in a set position within the bore 12.
The taper of the ?rst region 62 causes the small aperture 70

5,649,791
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means disposed thereon for engaging the bore below
the surface and said female region has a second engage
ment means disposed therein for engaging the broken
element. whereby said collar member can be oriented
to enable said male region to engage the bore and align

(FIG. 7) de?ned by the ?rst region 62 to align over the center
of the broken bolt 14.
The drill bit assembly 20 is advanced into the second
region 64 of the collar member 60. The tip of the drill bit 42
passes through the second region 64 and extends into the

said open channel over the center of the broken element

small aperture 70 (FIG. 7) de?ned by the ?rst region 62. The
abutment plate 48 and return spring 46 pass into the tapered
cavity 72 (FIG. 7) de?ned by the second region 64 of the

when the broken element is broken below the surface.
and said collar member can be oriented to enable said

female region to engage the broken element and align

collar member 60. The abutment plate 48 engages the

internal cutting taps 65 (FIG. 7) within the tapered cavity 72

10

whereby the internal cutting taps 65 hold the abutment plate

48 in a position concentrically disposed around the longi
tudinal axis of the collar member 60.
The drill bit 42 can be advanced through the collar
member 60 by applying a force F to the drill bit assembly 20.
Accordingly. as the drill bit 42 is advanced through the small
aperture 30 de?ned by the ?rst region 62. the drill bit 42 cuts
a hole down the center of the broken bolt 14. The small
aperture 30 acts as a guide to the drill bit 42. thereby
preventing the drill bit 42 from bending or wande1ing away
from the center of the broken bolt 14. After the hole is
drilled. the drill bit assembly 20 and the collar member 60
are removed and the broken bolt 14 is removed with any
prior art bolt extractor device that requires a hole be drilled
in a broken bolt.
Referring to FIG. 7. it can be seen that when a broken bolt
52 extends above the surface. the collar member 60 is
inverted so that the second region 64 of the collar member
60 passes over the broken bolt 52. The internal cutting taps

and

15

20

25

threaded into said bore.
4. The device according to claim 1. wherein the broken
element is a threaded shaft and said second engagement

means disposed within said female region is threading that
enables said female region to be threaded onto said threaded
shaft.
5. The device according to claim 1, wherein said ?rst
engagement means disposed on said male region includes at
least one cutting tooth that engages the bore when said male

region is positioned within the bore.

52. Once the collar member 22 is in place. the drill bit 42 is
of the collar member 60. As the drill bit 42 is advanced. the

a drill bit sized to ?t within said open channel. whereby
said open channel directs said drill bit toward the center
of the broken element and guides said drill bit as said
drill bit drills a hole in the center of the broken element.
2. The device according to claim 1. further including a
spring means disposed between said drill bit and said collar
member for biasing said drill bit away from the broken
element.
3. The device according to claim 1. wherein the bore is
threaded and said ?rst engagement means disposed on said

male region is threading that enables said male region to be

65 within the tapered cavity 72 cut into the broken bolt 52.
thereby retaining the collar member 60 in place concentri
cally aligned around the longitudinal axis of the broken bolt

advanced through the small aperture 70 in the ?rst region 62

said open channel over the center of the broken element
when the broken element is broken above the surface;

6. The device according to claim 5 wherein said ?rst
35

drill bit 42 is guided by the small aperture 70, wherein the
drill bit 42 contacts and drills a hole in the center of the

broken bolt 52. After the hole is drilled. the drill bit assembly
20 and the collar member 60 are removed and the broken

bolt is removed with any prior art bolt extraction device that
requires a hole be drilled in a broken bolt.

An alignment bracket 80 may optionally be used to help
secure the collar member 60 in place. The optional align
ment bracket 80 de?nes a hexagonal aperture 82 that passes
over the hexagonal outer surface of the second region 64 of
the collar member 60. The alignment bracket 80 prevents the
collar member 60 from turning and provides a means
through which the collar member 60 can be clamped to the
face surface 18 of the bored object.
It will be understood that the embodiments described
above are merely exemplary and are not considered the only
embodiments that the present invention may take. It is also

engagement means includes multiple cutting teeth having
helical ?utes disposed therebetween.
7. The device according to claim 1. wherein said second
engagement means disposed within said female region
includes at least one cutting tooth that engages the broken
element when the broken element extends into the female

region.
8. The device according to claim 7. wherein said second

engagement means includes multiple cutting teeth having
helical ?utes disposed therebetween.
9. The device according to claim 8 wherein said female

region de?nes a tapered cavity that tapers downwardly from
a wide opening.
10. The device according to claim 5 wherein said male

region is tapered.
11. The device according, to claim 1. wherein said collar
member further includes a nut shape surface thereon

whereby said collar member can be readily engaged with
and rotated by a wrench.

12. A guide device for guiding a drill bit down the center
understood that a person skilled in the art may make
numerous alterations and modi?cations to the embodiments 55 of a broken element engaged within a threaded bore.
wherein the bore extends a predetermined distance below a
shown utilizing functionally equivalent components to those
described. All such alterations and modi?cations are
given surface. said guide device comprising:

intended to be included within the scope of the present
invention as set forth in the appended claims.
What is claimed is:
60
1. A device for drilling a hole in the center of a broken
element that is engaged within a bore. wherein the bore
extends to a predetermined depth below a given surface. said

device comprising:
a collar member that de?nes an open central channel. said 65

collar member having a male region and a female

region. wherein said male region has a ?rst engagement

a metal body having a ?rst end and an opposite second
end wherein an open channel extends from said ?rst
end to said second end;

an external region on said metal body having threading
disposed thereon for engaging the threaded bore.
wherein said open channel is aligned over the center of
the broken element and guides the drill bit onto the
center of the broken element.
13. A method of drilling a hole in the center of a broken

bolt engaged within a bore. comprising the steps of:
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providing a drill guide having an open channel extending
therethrough;
threading said drill guide onto said broken bolt. wherein

10
advancing a drill bit through said open channel, whereby
said open channel guides the drill bit into the center of
the broken bolt.

said open channel is aligned over the center of the
broken bolt;
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