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DRILLING MACHINE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
This invention relates to the field of drilling and, in 

particular, to precision drilling into hard materials, 
such as aluminum oxide. 

2. Description of Prior Art 
Precision drilling into hard materials, such as alumi 

num oxide, is an expensive procedure as currently 
practiced. Ordinarily a specially fabricated diamond 
tip bit is placed in a miniature drill press, and the tip is 
simply forced onto the workpiece by manual or con 
trolled mechanical pressure. 
This procedure has several disadvantages. First, if the 

material drilled is relative brittle (as many hard materi 
als are), constant pressure of the bit against the work 
piece will cause fractures to occur and, frequently, will 
completely shatter the material. Likewise, especially 
when holes of small diameter are being created, the 
compressional forces on the bit caused by the constant 
contact with the workpiece over a period of time will 
collapse the necessarily fine bit. Also, in a normal high 
speed drilling operation, the diamond tip will become 
quickly cluttered with ' material removed from the 
workpiece, the coolant/lubricant liquid and other de 
bris, rendering the bit useless and requiring replace 
ment. Since diamond tip bits are relatively expensive, 
the cost of such an operation is frequently consider 
able. In addition, since diamond bits are made only in 
standard sizes, custom-made bits must be specially or 
dered, if it is desired to create holes of non-standard di 
ameter, resulting in time delays and even greater ex 
pense. ' 

SUMMARY OF INVENTION 

Accordingly, it is an object of the present invention 
to provide an improved machine for drilling into hard 
materials. 
Brie?y, the present invention comprises a substan 

tially conventional drill press, improved by the addition 
of means to cause the drill bit to reciprocate in a con 
trolled fashion while rotating, together with means for 
absorbing a portion of the impact created each time the 
tip of the bit strikes the workpiece. The reciprocation 
means may comprise a cam/camshaft arrangement, 
with the free end of the camshaft engaging the drill 
chuck or other portion of the drill mechanism to cause 
it to receiprocate while the cam rotates. The impact ab 
sorbing means may comprise a shock absorber (for ex 
ample a spring-loaded piston interposed between the 
bit and the drill chuck). In other embodiments, means 
such as a reservoir/drain tube device may be provided 
for introducing quantities of an abrasive suspension 
(for example diamond dust in water) to the bit tip, so 
that relatively soft, non-helical bits, which are easily re~ 
placeable, can be employed. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a partially sectional, side elevation view of 
the preferred embodiment of the present invention. 
FIG. 2 is a perspective, partially cutaway view of the 

impact-absorbing device shown in FIG. 1. 
FIGS. 3A, 3B, 3C are perspective (partially cutaway, 

in the case of 3C) views of portions of drill bits of vari 
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ous styles adapted to use in connection with the pre 
ferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Since the “backbone” of the preferred embodiment 
of the present invention is essentially a conventional 
miniature drill press, the detailed features of this aspect 
of the drilling machine 10 will not be described in great 
detail. Accordingly, the motor 12 is mounted within the 
holder 14 by means of an upper arm 16 and a lower 
arm 18 in such a manner that axial motion of the motor 
relative to the holder is substantially prevented. The 
holder is slideably mounted to the standard 20 by 
means of an upper ring 22 and a lower ring 24. In the 
preferred embodiment, the standard is substantially 
square in cross-sectional area, in order to prevent rota 
tion of the holding rings about the standard. 

Elevation and lowering of the motor 12 is accom 
plished by means of the rack 26, integral to the stan 
dard 20, to which the pinion 28 is engaged. The pinion 
rotates about the pinion axle 30 which is sildeably 
mounted within a hole in the holder 14 in a direction 
transverse to the motor axis. Raising and lowering of 
the motor is accomplished by rotating the elevation 
lever 32, one end of which is rigidly secured to the pin 
ion axle. The other end of the elevation lever possesses 
a rigid cylindrical projection 36 which is parallel t0 the 
axle. 
Turning now to the drive train of the drill 10, the 

shaft 38 of the motor 12 terminates in a chuck 40 of 
conventional design. Secured within the chuck is one 
of the novel features of the present invention -— the im 
pact absorbing means 42. The purpose of the impact 
absorbing means is to eliminate a portion of the shock 
created when the drill bit strikes the workpiece. The 

' effect of this shock-absorbing means is to prevent frac 
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turing of- the workpiece when repeatedly struck by the 
tip 56 of the bit 54 during the drilling operation, and to 
prevent concommitant damage to or destruction of the 
bit itself. 
As shown in FIG. 2, the impact-absorbing device 42 

comprises a shaft 44 which is rigidly engaged by the 
chuck 40. The lower end of the shaft terminates in a 
hollow cylinder 46 having a longitudinal slit 47 project 
ing upward from its lower end. In the preferred em 
bodiment of the present invention, the cylinder con 
tains a helical spring 48. Slideably mounted within the 
cylinder is a cylindrical plunger 50 having a rectangular 
projection 51. The purpose of the projection is to pre 
vent relative rotation between the plunger and the cyl 
inder when the plunger is slid into the cylinder such 
that the projection enters the groove 47. 
,In order to prevent the plunger 50 from falling com 

pletely clear of the cylinder 46 when the lower end of 
the drive train of the drill 10 is unsupported, the upper 
end of the spring 48 is attached to the upper interior 
portion of the cylinder 46, while the lower end of the 
spring is attached to the upper end of the plunger 50. 
The exact means of attachment are not shown, as these 
are well within the skill of an ordinary machinist. 

In other embodiments of the present invention, the 
impact absorbing means 42 may comprise an ordinary 
?uid shock absorber, or such a shock absorber in com 
bination with the helical spring device just described. 
Doubtless other means of inpact-absorption will be 
come apparent to those skilled in the art to which this 
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invention pertains, who read this disclosure and under 
stand thefunction of this element. 
The plunger 50 of the impact-absorbing device 42 

terminates in the bit check 52 which is, in the preferred 
embodiment, a rather conventional chucking device. 
Rigidly engaged within the bit check is the bit 54, 
which is an elongated, substantially cylindrical piece of 
metal terminating in a bit tip 56._As shown in FIGS. 3A, 
3B and 3C, bits 54A, 54B and 54C may terminate, re 
spectively, in bit tips 56A (conical) 56B (rectangular) 
or 56C (a hollow cylinder). Depending on the particu 
lar type of hole to be drilled, bits having other tip styles 
may be employed as desired. 
While an ordinary helical bit could be used with the 

drilling machine 10 of the present invention, such bits 
are not ordinarily usable in the application for which 
the present device is particularly desirable — drilling 
into hard, brittle materials. Such drilling operations re 
quire the use of very hard abrasive materials such as 
carborundum. or diamond. Accordingly, I have found it 
advantageous to employ bits having smooth outer sur 
faces to which a granular abrasive is applied. Normally, 
diamond dust in a liquid suspension (e.g., aqueous) is 
employed for this purpose. 
The bits, themselves, are constructed from a rela 

tively soft metallic material, such as a beryllium-copper 
alloy. The reason is that where an abrasive dust is used 
for the actual drilling operation, the bit is merely a sup 
port for the dust. The advantage of employing a soft bit 
is that the force of drilling tends to imbed the abrasive 
granules into the bit material, which provides excellent 
abrasive support for the continuing drilling operation. 

It will be noted that another important advantage of 
utilizing smooth bits with an overcoating of abrasive 
powder is that such bits may be easily fabricated in any 
machine shop. Ordinary bar stock may be used, and a 
bit of any diameter may be quickly fabricated by means 
of an ordinary lathe. Thus, when the drilling machine 
10 of the present invention is employed, the diameter 
of the hole sought to be made in the workpiece is not 
in the least critical. 

In the preferred embodiment of the present inven 
tion, the abrasive suspension is introduced to the bit tip 
56 by means of a gravity feed tube 82 emanating from 
a reservoir 80 which is placed above the position of the 
bit tip, as shown in H6. 1. Other means of introducing 
the abrasive, such as pumping or utilizing a wick, may 
be employed as desired. 
Another novel feature of the present invention is the 

means for introducing reciprocating motion to the drill 
bit during the drilling operation. This is accomplished, 
in the preferred embodiment, by the cumming struc 
ture shown in FIG. 1. .lournalled onto the cylindrical 
projection 36 emanating from one end of the elevation 
lever 32 is the cylindrically perforated upper end 70 of 
the cam shaft 68. The lower end 7240f the cam shaft, 
likewise cylindrically perforated, is journalled onto a 
cylindrical projection 78, placed off-axis on the cam 
ining ?ange 74, which rotates about the cam axle 76. 
The motive power which creates rotational motion in 
the camming ?ange is not shown, but may consist of a 
separate motor or, with suitable gears, belts or the like, 
be the'primary motor 12 which operates the drilling 
machine 10. ‘ 

ln operation, the ?ange 74 rotates, causing the upper 
end 70 of the cam shaft 68 to reciprocate. This, in turn, 
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causes the elevation lever 32 to rotationally oscillate 
within a certain angle. The latter motion revolves the 
pinion 28 which, because it engages the rack 26, causes 
the holder 14 (and thus, the motor 12 and associate 
drive train of the drill 10) to reciprocate axially. 
The purpose of this reciprocating motion is to avoid 

many of the difficulties encountered with the state-of 
the-art high speed drilling machines. Each downward 
movement of the drive train causes the bit tip 56to 
brie?y engage the workpiece 66, resulting in the re 
moval of the small amount of material from the work 
piece. A portion of the impact of this engagement is ab 
sorbed by the impact absorbing means 42. ‘The engage 
ment between the bit tip and the workpiece is brief 
since the reciprocating motion causes the bit tip to be 
withdrawn rather quickly. During the period of with 
drawal, the material removed from the workpiece will 
be driven away by centrifugal force or may be washed 
away (by means not shown), and the workpiece and the 
bit tip will cool. Thus, the drilling machine 10 of the 
present invention prevents the creation of large me 
chanical and thermodynamic stresses at the bit 
tip/workpiece point of contact. This, in turn, prevents 
destruction of the workpiece and prolongs the useful 
life of the bit, advantages which are not enjoyed with 
state-of-the-art high speed devices used for drilling 
hard materials, which do not combine the reciprocating 
motion with the shock absorbing means of the present 
invention. ' 

The parameters of operation of the drilling machine 
of the present invention may be readily adjusted for 
specific applications by any operator skilled in the art 
to which the invention pertains. For example, the cycle 
speed of either or both of the primary motions — recip 
rocating and rotational — may be set as desired for the 
particular job requirement. In particular, the machine 
may be constructed so that either or both may be var 
ied at will, by operating a line rheostat, variable-speed 
clutch assenbly, or other suitable device. 

Similarly, the “stiffness" of the impact absorbing de 
vice may be adjusted as desired. In the case of the pre 
ferred embodiment of this invention, where a helical 
spring is incorporated into this device, this may be ac 
complished by selecting a spring having a specific 
spring constant. In general, the softer and less brittle 
the workpiecs, and the larger the diameter of the hole, 
the stiffer would be the spring. I 

In order to assure precision drilling, a bit guide 58 
may be employed. This device consists of a plate having 
a hole (or holes) 60 through which the bit 54 is inserted 
during the drilling operation. The guide is rigidly at 
tached to, or integral with, the guide base 62. The latter 

> is connected to the standard base 64 in such manner as 
will prevent transverse motion of the guide 58 relative 
to a desired axial alignment of the bit 54. This may be 
done by bolting the guide base to the standard base or, 
more simply, by providing cylindrical hole in the top 

, surface of the standard base and mating cylindrical pro 
60 jections from the bottom surface of the guide base. 

65 

In order to assure absolute precision in the drilling 
operation, the workpiece 66 should be secured to the 
guide base 62 in such a way that transverse motion of 
the former relative to the axis of the holes 60 in the 
guide 58 is substantially eliminated. This may be done 
quite simply by providing cylindrical holes in the upper 
surface of the guide base and mating cylindrical projec 
tion from the lower surface of the workpiece. After the 
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drilling operation has been accomplished, these projec 
tions may be simply sawed or ground away if desired. 

1 claim: 
1. The apparatus for drilling into a workpiece, com 

prising: 
an elongated bit; 
mechanical means to impart rotational motion to said 

bit, comprising: 
a motor; 
a bit holder having an axis, a first end and a second 
end, said ?rst end of said bit holder being opera 
bly connected to said motor in such manner that 
upon rotation of said motor, said bit holder is 
caused to rotate about said axis, said bit being 
substantially rigidly attached to said second end 
in such manner that rotation of said motor causes 
rotation of said bit; 

mechanical means to impart reciprocating longitudi 
nal motion to said bit, said motion intermittently 
bringing said bit into contact with the workpiece; 

v and - ‘ ' 

means, operably associated with'said rotational mo 
tion impartingmeans, for absorbing at least a por 
tion of the impact created by contact of said bit 
with the workpiece, comprising: ' 

' a first portion of said bit holder, said first portion 
possessing a substantially axial cavity having an 
opening at one end thereof; 

a second portion slideably mounted within the cav 
ity of Said first portion and extending out of said 
first portion through the opening therein; 
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means to substantially prevent rotational motion of i 
said second portion within said first portion; and 

means within said first portion to resist axial sliding 
of said second portion thereinto. 

2. The apparatus as'recited in' claim 1, wherein said 
resistance means comprises a spring; 

3. The apparatus as recited in claim 2, wherein said 
spring is helical. ; 

4. The apparatus as recited in claim 1, wherein said 
reciprocating motion imparting means comprises: 
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6 
driving means; 
a ?ange operably connected to said driving means in 
such manner that said motor imparts rotational 
motion thereto; 

a substantially longitudinal member, a first region of 
said longitudinal member being operably con 
nected to said ?ange in such manner that upon ro 
tation thereof, a second region of said longitudinal 
member, longitudinally displaced from said first re 
gion, is caused to reciprocate, said second region 
being operably connected to said bit holder in such 
manner as to cause said bit holder to responsively 
reciprocate. 

5. The apparatus as recited in claim 1, further includ 
ing bit guide means, said bit guide means adapted to re 
strict transverse motion of said bit. 

6. The apparatus as recited in claim 5, when said bit 
guide means comprises a plate having a hole, said plate 
substantially secure to said motor, in such manner as to 
restrictmotion of said plate in a direction transverse to 
said bit, said bit being inserted through the hole in said 
plate. . ' 

7. The- apparatus as recited inclaim 1, further includ 
ing means to introduce, to-the tip portion of'said bit, a 
granular abrasive substance. " 

8. The apparatusas recited in claim 7, wherein said 
abrasive is in 1a pulverized form and'in liquid suspen 
sion, and said introduction means comprises a reservior 
for saidsuspension and means to transport quantities of 
said suspension from said reservoir to said tip portion. 

9. The apparatus as recited in claim,8, wherein said 
reservoir is gravitationally higher than said tip portion 
and said transportation means comprises a tube. ~ 

10. The apparatus as recited in claim 7,’wherein said 
abrasive comprises diamond dust. , ‘ - 

11. The apparatus, as recited in claim 7,‘ wherein said 
tip portion comprises a relatively soft metallic sub 
stance. ' » ' ' ‘ , 

12. The apparatus,'as recited in claim 11, ‘wherein 
said substance comprises‘an alloy of copper and beryl 
lium. ‘ 
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