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vals and in small amounts, while the remain To all whom it may concern: 
Be it known that I, JoHN PRUE KARNs, a 

citizen of the United States, residing at 
Boulder, in the county of Boulder and State 

5 of Colorado, have invented a new and useful 
Drill-Head and Cutter-Blade. Therefor, of 
which the following is a specification. 
This invention has reference to improve 

ments in drill-heads for drilling machines 
10 and cutter blades therefor, and it is designed 

more particularly for use in connection with 
a drilling machine such as shown and de 
scribed in my application for Letters Patent 
No. 358,867, filed February 23, 1907, of 

15 which this case is a division. In the said 
application there is shown a drilling machine 
designed for the drilling of large bores, up to 
eighteen or more feet in diameter, through 
earthy and rock formations. In a machine 

20 of the larger type the structure is necessarily 
very massive and is made to stand heavy 
strains and hammer blows of great force. 
The present invention is directed more 
Riety to the construction of the drill 

25 head and the cutter blades carried thereby, 
whereby the drill-head may be made to sus 
tain the effect of heavy blows without injury 
to itself and the cutter blades may be so 
supported that they are unaffected by the 

30 impact of the material at the breast of the 
tunnel except insofar as they may become 
dulled by use, and for this purpose are made 
readily removable so that they may be 
sharpened from time to time. 

In addition to these features, the inven 
tion comprises means whereby the bore of 
the tunnel may be maintained sensibly con 
stant, and for this purpose there may be pro 
vided reamer blades at the periphery of the 

40 drill-head so adjustably mounted that they 
may be projected from their seats from time 
to time to provide for wear. In order that 
there may be a practical constancy of the 
bore of the tunnel produced by the machine 

45 all the reamer blades are made adjustable but some are made more finely adjustable 
than others, so that it is not necessary to ad 
just all the reamer blades fully every time 
and the saving therefrom is therefore mate 

50 rial. For this purpose a certain small num 
ber of the reamerblades may be provided 
with a fine or delicate adjustment, whereby 
tae wear may be taken up at frequent inter 

35 

der of the reamer blades are provided with a 
coarse or gross adjustment, whereby they 

55 

may be adjusted step by step, each step in 
cluding the total of a number of successive 
adjustments of the first-mentioned reamer 
blades. 

Furthermore, the present invention com 
prises means whereby the cutting teeth pro 
vided on the cutter blades carried by the 
drill-head are so disposed that while all the 
teeth will move through curved paths during 
the operation of drilling, each tooth on one 
blade will travel in an arc falling between 
two teeth on the next adjacent it, SO 

... that all portions of the end wall or breast of 
the tunnel being bored will be acted upon by 
the teeth on the face of the drill-head. 
The invention will be fully understood 

from the following detailed description, 
taken in connection with the accompanying 
Eys forming part of this specification, 
in whic 

Figure 1 is a face view of the drill-head, 
showing but a few of the cutters in position; 
Fig. 2 is a central section, with parts in eleva 
tion, of the drill-head; Fig. 3 is a view of a 
ortion of one of the reamer blades on a 
arger scale than shown in Figs. 1 and 2; Fig. 
4 is a section through one of the cutter blades 
and so much of the drill-head as is necessary 
to show the mode of connecting the cutter 
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blades thereto on about the same scale as 
Fig. 3; and Fig. 5 is a view of another type of 
reamer blade, showing the means for pro 
ducing a fine adjustment thereof on about 
the same scale as Figs. 3 and 4. ' 

Referring to the drawings, the drill-head 
consists of a spider of a diameter a little 
less than the bore of the tunnel to be cut. 
This drill-head spider comprises a hub 1 from 
which project a number of radial arms 2 in 
tegral with a number of concentric rings 3, 
the outer one of which constitutes the periph 
ery of the drill-head spider. Each arm 2 
has formed on its rear face as an integral part 
thereof a web 4, and each ring 3 has formed 

90 

95 

100 
on it a rearwardly PE web 5. The hub, arms, rings and webs are all formed as 
one integral whole except that the entire 
structure may, for convenience in manufac 
turing, be formed of two halves secured to 
gether after the manner of split pulleys or 

105. 
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hub 1. About midway of the outer web 5. 
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balance wheels. This latter structure is 
illustrated in Fig. 1. Each web 4 extends 
from its corresponding arm to the lear end of 
the hub 1 at the point of junction of these 
two parts, and such web is of gradually de 
creasing width toward the 
drill-head to a point near the web 5 on the 
outerring 3. At this point the web 4 gradu 
ally widens until it merges into the web 5 of 
the outer ring 3, which last-named web ex 
tends to the rear so far as the rear edge of the 
and formed on its inner face so as to project 
radially inward toward the center of the 
drill-head is a short, strengthening web 6. 
The structure just described is such that the 
drill-head spider is braced in all directions 
against such strains as may come against its 
front face, and the bracing is such that no 
strain that may be brought to bear. on any 
portion of said front face will be sufficient to 
sensibly deflect it from a substantially true. 
plane, Y N 

The hub 1 is provided with a boss 7 pro 
jecting beyond the front face of the drill 
ead, and on the front face of this boss are 

mounted cutter blades 8 at right angles to 
each other and extending diametrically 
across the face of said boss. 
Secured to the arms 2 tangentially to the 

boss 8 are a number of cutter blades 9 of suf 
ficient length to span two arms, as shown, 
and beyond these tangential blades each arm 
carries a series of blades 10 parallel to the 
blades 9, and still further toward the periph 
ery of the drill-head each arm has anotherset 
of parallel cutter blades 11, shorter than the 
blades 10 and set at a slightly flatter angle to 
the arc described by all the blades as the 
drill-head rotates. 
Now, it has already been stated that for 

structural reasons the drill-head may be 
made of two halves after the manner of an 
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ordinary split wheel or pulley, and the meet 
ing edges of these two halves are formed with 
arms 2 of less width than the other arms 2 
but the combined width of two contiguous 
arms is greater than that of any single arm 2. 
elsewhere located. For this reason the cut 
ter blades 9, 10, and 11 secured to these par 
ticular arms aré somewhat longer than those 
secured to the other arms so as to straddle 
the intervening space between the two meet 
19 at S. . 

etween the arms 2 the drill-head is pro 
vided with a number of radial cutter blades 
12 extending from the innermost ring 3 to 
the next adjacent outer ring 3, and from the 
latter ring to the peripheral ring 3 are a num 
ber of other cutter blades 13, all of which 
latter are adjustable radially outward and 
constitute reamer blades, as will hereinafter 
appear. The several blades of the drill-head 
are secured to the spider by means best 
shown in Fig. 4. 

Reply of the 

held to the drill-head by two or more bolts 17. 

of the outer ring 3. 
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In Fig. 4 only one of the arms 2 is shown 
but this will be sufficient to illustrate the 
manner of fastening the cutter blades to the 
drill-head, although these blades are carried 
both by the arms 2 and the rings 3. ... Formed 70 in the outer face of the arm 2 is a groove 14. 
arranged at a suitable angle to receive the 

le es of one of the cutter blades, say a 
cutter blade 10. At one side of the groove 
14 the arm 2 is formed with a rib 15, not 
shown in Fig. 4 but clearly shown in Fig. 1, 
and this rib terminates in an enlargement 16 

i s 

through which extends a perforation to the . 
rear face of the arm 2, which perforation 
receives the shank of an L-shaped bolt 17. 
That is, this bolt has one end 18 bent at right 
angles and seated in a perforation 19 in the 
cutter blade 10. The other end of the bolt 
17, where it extends through the inner face of 
the arm 2, is threaded to receive a nut 20 b 
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y 85 
means of which the bolt 17, is secured to the 
arm 2 in a manner to hold the cutter blade 
firmly seated in the groove 14. By reference 
to Fig. 1 it will be seen that each blade is . 
While this forms a secure fastening for the 
cutter blades they are at the same time easily 
removed from the drill-head by unscrewing 
the nut 20, when the cutter blades may be 
lifted from their seats and so taken off from 
the drill-head. . . - 

All the cutter blades are formed with teeth 
21, best shown in Fig. 4 where it will be seen 
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that they are generally frusto-pyramidal in 
shape with an elongated rectangular base 
and an elongated cutting edge. 100 
Those radial cutter blades 13 which are 

termed reamer blades extend beyond the 
outer ring 3 of the drill-head and are there 
supported by brackets 22 integral with the 
outer ring 3 and projecting outward there 
from in a radial direction. These brackets 
have grooves like the groove 14 of Fig. 4 and 
also have ribs 15 for receiving and supporting 
the cutter blades. The brackets 22 serve as 
supports for those portions of the reamer 
blades which project beyond the periphery 

- The reamer blades pro 
iect radially outward a short distance beyond 
the outer ends of the brackets 22 and thereby 
provide ample clearance for the drill-head 
outside the Eacil 22. At the outer ends 
the reamer blades are provided with radially 
projecting reamer teeth 23 in addition to the 
teeth 21, which latter are like th9se of the 
other blades. The realmer blades are cut 
away to the rear of the teeth 23, as indicated 
at 24, so as to provide clearance space and 
also to provide for the wear of these teeth. 
The extent of radial projection of the teeth 
23 of the reamer blades beyond the brackets 
22 will determine the diameter of the bore of 
the tunnel as cut by the drill-head., 
In the operation of the machine the teeth 

23 will be gradually worn off on their radially 
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outward edges, and provision is therefore 
made for adjusting the reamer blades radially 
outward. In order to facilitate the adjust 
ment of these blades there is provided a fine 
adjustment for some of them and a coarse 
adjustment for others. For instance, a 
certain few, say four, of the reamer blades 
equi-distantly arranged around the periph 
ery of the drill-head are provided with smooth, 
longitudinal slots 25, as shown in Fig. 5, for 
the reception of the ends 18 of the bolts 17, 
and the rear faces of these particular blades 
are provided with one or more, lugs 26 
against which abuts an adjusting set-screw 
27 suitably threaded through a fixed stud 
on an appropriate portion of the drill-head. 
By simply loosening the nuts 20 of the bolts 
17 a very delicate adjustment of the four 
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special reamer blades illustrated may be 
made in a radially outward direction, when 
the nuts 20 may be again tightened. This 
adjustment may be made again and again, as 
occasion may require, and in practice will be 
made at comparatively frequent intervals. 
The rest of the reamer blades 13 are pro 

vided with similar slots 28, as best shown in 
Fig. 3, but instead of these slots being 
smooth, as shown in Fig. 5, their bottom 
walls are formed into a series of curved seats 
29 all of such size as to receive and seat the 
heads 18 of the bolts 17. These last-named 
reamer blades can, therefore, be adjusted 
only step by step, each step representing a 
movement equal to the diametric thickness 
of the head 18 of a bolt 17. Now, by adjust 
ing the reamer blades having the smooth slots 
the diameter of the bore of the tunnel may be 
kept substantially true, but the reamer lades 
provided with the coarse adjustment will be 
wearing away and becoming shorter and 
shorter. Ultimately, this wearing away 
will be equivalent to the width of one of the 
seats 29, or, in other words, to the width of 
the head 18 of a bolt 17. When'this occurs, 
all of those coarsely adjustable reamer blades 
can be moved radially outward a distance 
equal to the thickness of the head 18 of a 
bolt 17 and then again locked in the ad 
justed E. The brackets 22 are provided at the rear 
with webs 30 integral with the webs 6, for 
imparting strength to the brackets, and 
these webs are so spaced as to leave room 
between them Jr the nuts 2() of the bolts 17, 
which are provided for fastening the outer 
ends of the reamer blades to the drill-head. 

In order that the teeth of the cutter blades 
may reach every portion of the surface to be 
cut, the teeth on adjacent cutter blades are 
arranged to move, as the drill-head rotates, 
in arcs interposed between the arcs de 
scribed by the teeth of adjacent cutter 
blades. 

It will be obscrved that the cutters on the 
boss 7 project further forward than those on 

the rest of the drill-head. This will cause 
the drill-head to cut an axial or guiding pas 
sage into the end wall of the tunnel inad 
vance of the main 
thus serving to lead the drill-head and main 
tain it in the plane of travel determined 
upon. 
The drill-head is supported upon one end 

of a shaft 31 having a stepped end 32 in 
troduced into the hub 1 EPE held by a 
pin 33, but this structure need not be here 
particularly described since it is fully de 
scribed in ny aforesaid application. 
As to the manner of operating the drill 

head, it may be here stated that the shaft is 
reciprocated to the desired extent and slowly 
rotated step by step and is also fed to the 
breast of the tunnel as the latter is cut away, 
and the teeth 21 and 23 operate upon the 
material to be cut after the manner of a stone 
mason's chisel. 

I claim:- 
1. In a drilling machine, a drill-head pro 

beyond the periphery of the drill-head to 
constitute reaming members thereof and 
adjustable radially to maintain a predeter 
mined diameter of cut. 

2. In a drilling machine, a drill-head pro 
vided with radial reaming cutters having a 
fine radial adjustment, and other reaming 
cutters having a coarse or quick radial ad 
justment. . 

3. In a drilling machine, a drill-head pro 
vided with cutters adjustable radially beyond 
the periphery of the drill-head, and provided with adjusting means for the gradual projec 
tion of said cutters in a radial direction. 

4. In a drilling machine, a drill-head hav 
ing reaming cutters projecting radially be 
yond the periphery of the drill-head, and 
means for the adjustment of said cutters step 
by step radially outward. 

5. In a drilling machine, a drill-head pro 
vided with cutters projecting radially out 
ward from the periphery of the drill-head and 
having means for the fine or gradual adjust 
ment of the same in a radially outward direc 
tion, and other cutters projecting radially out 
ward from the periphery of the drill-head and 
having means for the coarse or step by step 
adjustment of the same radially outward 
upon the drill-head. 

6. In a drilling machine, a drill-head hav 
ing reaming cutters projecting radially out 
ward from the periphery of the drill-head, 
slots in said cutters for the reception of se 
curing means and permitting longitudinal 
movement of said cutters with reference to 
said securing means, adjusting screws for 
moving said cutters gradually outward in a 
radial direction, and other cutters projecting 
radially beyond the periphery of the machine 
and provided with slots for the reception of 

ortion of the drill-head, 

securing means, said slots being provided in 
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vided with radial cutter blades projecting 
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means whereby the cutters may be adjust 
one wall with a series of seats for said SES 

O 
radially outward step by step. 

7. In a drilling machine, a drill-head pro 
vided with cutter blades, and means for se 
curing, said blades thereto comprising L 
shaped bolts with their shanks passing 
through the body of the drill-head and their 
heads engaging in perforations in the cutter. 
blades. - Y. r 

8. In a drilling madhine, a drill-head, series 
of perforated cutter blades seated in grooves 
formed in the face of said drill-head, and - 
shaped locking bolts having their heads en 
gaging in the perforations in the cutter blades 
and their shanks projecting through the drill 
head to the rear thereof and there receiving 
securing nuts, / 

9. In a drilling machine, a drill-head hav 
ing slotted cutter blades, shaped bolts hav 
ing heads engaging said slots in said cutter 
blades and their shanks extending through 
to the rear of the drill-head and there receiv 
ing, securing nuts, and means for adjusting 
said blades in the direction of the length of 
the slots. t \ 

10. In a drilling machine, a drill-head, 
cutter blades mounted therein and provided 
with slots having one wall formed into seats, 
and L-shaped securing bolts having their 
heads projecting into one of the seats in the 
slots and their shanks extended through to 
the rear of the drill-head and there receiving securing nuts. 

11. In a drilling machine, a drill-head 
frame consisting of a hub, radial arms pro 
jecting therefrom concentric rings connect 

- ing said arms, the outer ring forming the 

888, set. is 

periphery of the drill-headframe, rearwardly 
projecting webs 
the outermost ring having a rearward pro 
jection equal to that of the hub and the webs 

upon the ring, the web of 40 

of the other rings haying a less extent of rear 
ward projection, and radial webs on the arms having a gradually lessening extent of rear 
ward projection from the hub to near the 
periphery of the frame and then increasing in 
EY projection until they merge into 
the web formed on the outermost ring, all 
the said webs, arms and rings being integral 
at meeting points. . - 

12. In a drilling machine, a drill-headhav 
ingradial series of angularly-disposed toothed 
blades and other radially-disposed toothed 
blades arranged between the 'angular series. 
of blades, the arrangement being such that 
the paths of the teeth of one bla le are inter 
spersed between the paths of the teeth of the 
adjacent blades. - - - 

13. In a drilling machine, a drill-head hay 
ing a circular series of spaced groups of Tadi 
ally disposed toothed blades, and other radial 
series of angularly disposed toothed blades 
interspersed between the groups of radial. 

65 blades, the angular disposition of the angu 
larly disposed blades being flatter toward the 
periphery of the drill-head than near the 
center thereof. 
In testimony that I claim the foregoing as 
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my own, I have hereto affixed my signature 7 
in the presence of two witnesses. 

- JOHN PRUE KARNS. 
Witnesses: 

JosEPH. I. DEVEREAUX, 
HENRY L. O'BRIEN. 


