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United States Patent Office 3,195,656 
Patented July 20, 1965 

Crasada, Fis, 
S.C., assigners its Eihe Hydra-Mign Con 

Wiia: E, assa s ared Sey R. Elais's 52, 
Wake Ferest, R.S.C 
passy, St. Peter'ss:g, Fa. 

F 2, 96, Ser. No. 1; 4,392 
isis. (C. i3-38) 

his invention relates to new and useful improvements 
in earth drilling apparatus, and in particular the invertion 
concerns itself with apparat is for driling vertical holes 
in the roof of a coal mine, or the like, for reception of 
boits for installing roofing, so that such roofing may be 
supported by the bolts without the use of conventional 
props, shoring, timbers, et cetera. 
More specifically, the principal object of the invention 

is to provide a drilling apparatus including a drill, a boom 
for supporting and feeding the drill during the drilling op 
eration, a mobile carrier for the boom, and novel linkage 
means for controlling and guiding the boem so that the 
feeding movement of the drill follows a straight line 
path, axially of the drill stem of bit, such as is not pos 
sible when the boom is restricted to a simple, pivotal 
swinging noveinent. 
An important feature of the invention, therefore, re 

sides in the provision and arrangement of the aforeihei 
tioned linkage means which facilitate the straight line 
feed of the dri, while another important feature re 
sides in the arrangement of the linkage means and booin 
which is such as to reguire the minimum amount of Ver 
tical clearance for operation, thereby facilitating use of 
the apparatus in coal mines, or the like, winere the nin2d 
strata or seams are very thin, perhaps as littie as twenty 
eight inches thick. in other words, a practical embodi 
ment of the apparatus may be constructed which need not 
exceed an overal height of twenty-three inches prior to 
feeding of the drill, thus allowing Suficient clearance to 
permit the use of the apparatus even in mined strata of 
the limited dimension as mentioined above. 

Another feature of the invention resides in the pro 
vision of means for neunting the drill carrying boorin on 
the mobile carrier for iaiteral Swinging ovement So as 
to locate the point of drilling at any desired place in the 
roof of the nine, while as other feature resides in the 
provision of means for turning the boom about a hori 
zontal axis, so that if desired, the apparatus may be used 
for drilling heies in the side walls or floor or the nine 
as well as in the roof. 
Some of the advantages of the invention reside in its 

simplicity of constructition, in its dependable and posi 
tive operation, in its compact arrangenient as aforesaid, 
and in its adaptability to convenient and econonical 
nanufacture. 
With the foregoing more important objects and fea 

tures in view and Such other objects and features as Hay 
become apparent as this specification proceeds, the in 
vention will be understood from the following descrip 
tion taken in conjunction with the accompanying draw 
ings, wherein like characters of reference are used to desig 
nate like parts, and wherein: 
FIGURE 1 is a fragmentary vertical sectional view of 

the boom, guide arm, inkage and mount used in the in 
vention: 
FIGURE 2 is a fragmentary plain view of the boon, 

guide arm and linkage, taken substantially in the plane of 
the line 2-2 in FEGURE 
FIGURE 3 is a horizontai sectional view, taken Sub 

stantially in the plane of the line 3-3 in FiCURE 1: 
FIGURE 4 is a fragmentary vertical sectional view, 

taken substantially in the plane of the line 4-4 in FEG 
URE 1; 
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-vertically disposed and 

2 
FIGURE 5 is a fragmentary sectional detail, taken sub 

stantially in the plane of the line 5-5 in FIGURE 1; 
FIGURE 6 is a side elevational view of the entire drill 

ing apparatus on a reduced scale, including the mobile 
carrier therefor; 
FIGURE 7 is a fragmentary side elevational view, part 

ly in section, showing a modified embodiment of the 
invention; 
FiG JRE 8 is a fragmentary sectional detail, taken sub 

stantially in the plane of the line 8-3 in FIGURE 7; 
iFIGURE 9 is a fragmentary top plan view of the em 

bodimeat of FiGURE 7; 
FGURE 10 is a fragmentary sectional detail, taken 

substantially in the plane of the line 6-39 in FIGURE 7; 
FiGEJRE i ! is a top plan view on a reduced scale, of 

tie embodiment of FIGURE 7, and 
FISU RE 2 is a diagramatic illustration showing the 

operation of the linkage used in the invention. 
Referring now to the accompanying drawings in detail, 

more particularly to FIGURES 1-6 inclusive, the earth 
drilling apparatus in accordance with the invention is des 
ignated generally by the reference numeral E0 and, al 
though primarily intended for use in drilling vertical holes 
in the roof of nines for reception of bolts in installation 
of roofing, it will be understood that the apparatus may 
be aiso exployed for driliiing in the side wallis or foors of 
mines, or the like, as will be hereinafter apparent. 

In any event, the drilling apparatus embodies in its 
construction a suitable inobile carrier E5 such as a self 
powered mine car, or the like, traveling along the mine 
floor E2 or along tracks on the mine floor, as the case 
may be. The apparatus aiso includes a power-operated 
drill 3 supported at the outer end of a swingable boom 
;4 and, as shown in FIGURE 6, the driil 3 has a drill 
stein or bit i3 which may be rotary, reciprocably in 
pact, or both, so as to drill a vertical hole in the roof 5 
of the nine while the booin i4 is swung or moved up 
wardly in a vertical plane. The outer end of the boom 
Aé is pivoted to the cirill i3 as at 5. Also pivoted to 
the drill 3 at a point spaced verticaily from the pivot 
35 is a guide aim : which coacts with the boom 4 to 
support the drill so ihat the drill stem i3 is vertically 
disposed at aii tires during raising and lowering of the 
bogiia, the pivotal confection of the outer end of the 
guide arm to the driil being indicated at 8. 

Áeans are employed for mounting the boom 4 on the 
carrier E! and controlling the movement of the boom as 
well as of the guide arm if so that the drill stern i3a. 
may be adva;iced or fed into the mine roof 15 along a 
traight line, vertical path notwith Standing the raising 
and iewering movement of the boom and glide arm. 
Shese means, shown is detail in FIGURES i-5, comprise 
an angie bracket 29 which is secured by suitable bolts, or 
the like, to the carrier E. and is provided with a vertical 
pivot pin 2. The latter has mounted thereon a hori. 
Zoiataily or laterally Swingable frame 25, including a hori 
zontal plate 22 provided at the underside of one of its 
ead oriions with a tubuliar standard 2.3. The latter is 

the inside thereof is equipped 
wiii bearings or blishings 24 rotatably receiving the pin 
2, so that the faine 2i is Swingable laterally or hori 
Zetally in the pivot pin, whereby to effect positioning 
of the boom 4 and of the driil 3 at any desired point 
transversely of the mine roof £5, it being understood, of 
course, that positioning of the drill longitudinally in the 
mine inay be adjusted as desired by longitudinal move 
ment of the nobile carrier 1 along the nine floor E2. 

Referring again to the frame 2, the same also includes 
a vertical web 2.5 having a forked lower portion 25 to 
accommodate a transverse pivot pin 27 on which is 
mounted a depending ear 28 at the lower end of a fluid 
operator such as a hydraulic or compressed air cylinder 
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29 which extends upwardly through a clearance recess 
369 formed in the plate 22. The operator 29 has a piston 
rod 3 extending upwardly therefrom and connected to a 
transverse pivot pin 33 disposed adjacent the inner end of 
the boom 14. As is best shown in FiGURES 2 and 4, 
the boom 4 comprises a pair of spaced side members 
34 in which the pivot pin 33 is mounted, and a pair of 
bushings or spacers 34 are provided on the pivot pin 
between the upper end of the piston rod 35 and the boom 
side members, as will be clearly apparent. 
The boom side members 4a are connected together 

adjacent their inner ends, that is, adjacent the frame 22, 
by a transverse reinforcing plate 35, and the bushings or 
spacers 34 on the pin 33 are provided with link-shaped 
ears or arms 35 which are connected by coaxial pivot 
pins 37 to a pair of upstanding, rigid hangers 38, Secured 
to the top of the frame plate 22 at opposite sides of the 
recess 36. The inner end of the boom 4 is equipped with 
a transverse pivot pin 39 on which is mounted one end of 
a link 40, the latter being wide enough to span the space 
between the boom side members 348 and having its other 
end mounted on a pivot pin 4A, extending transversely 
between a pair of upstanding support plates 42 provided 
on the frame plate 22. - 
The length of the links 36, 40 and the location of the 

pivots 33, 37, 39 and 41 is so coordinated or proportioned 
to the length of the boom i4 that during raising and 
lowering of the boom, the outer end of the boom, that 
is, the pivot 16, travels in a straight line, vertical path, 
whereby the feed of the drill stem 138 may also follow 
the same path, under guidance of the guide arm 7, the 
outer end of which also travels in a straight line, vertical 
path during the raising and lowering movement of the 
boom, as will be hereinafter explained. 
The inner end of the guide arm 17 is provided with a 

fork 43 which straddles and is connected by a pivot pin 
44 to a radial arm 45 secured to a tube 46 which is 
mounted on a pivot pin 47 extending transversely be 
tween the boom side members 14 at a point between 
the aforementioned pivot pins 33 and 39. The tube 46 
also has rigidly secured thereto an arm 48, disposed an 
gularly from the arm 45, and pivoted as at 49 to one end 
of a link member 53, the other end of the latter being 
pivoted as at 51 to an upstanding plate 52 provided on the 
frame plate 22. Thus, the arms 45 and 48, together with 
the portion of the tube 46 therebetween, constitute what 
may be referred to as a bell crank, operatively connecting 
the inner end of the guide arm 17 to the link member 50, 
and hence to the frame 25, the proportional relationship 
of the various parts being such that during the raising 
and lowering movement of the boom 4 as already de 
scribed, the outer end of the guide arm, that is, the pivot 
18, also moves along a straight line path, vertically with 
the boom pivot 36 so that the stem 13 of the drill 13 
guided accordingly, as will be apparent from the solid 
line and dotted line illustrations in FiGURE 6. 
-The operation of the linkage will be understood from 

the diagrammatical illustration in FIGURE 12. This 
shows the parts in a lowered position of the boon by 
solid lines, in an intermediate position by dash lines, 
and in a raised position by dot-dash lines. 

It is to be understood that the straight line travel of 
the drill stem during raising and lowering of the boom 
is made possible by a particular dimensional proportion 
ing and geometric arrangement of the linkage involved 
and that this proportioning and arrangement are also 
coordinated with the length of the boom. In other words, 
linkage which is proportioned to a boom of a given length 
to provide a straight line travel of the drill stem would 
not provide such straight line travel if the boom were 
longer or shorter. Thus, if longer or shorter booms are to 
be used, the proportion of the linkage has to be coordi 
nated therewith, although it will be appreciated that only 
the proportions are critical, while actual sizes are of no 
consideration. In order to illustrate the linkage arrange 

O 

ass 

full length of the boom has not been shown. However, 
if the length of the arm 36 (that is, the radial distance 
from the pivot axis 37 to the pivot axis 33) is arbitrarily 
adopted as Cie Dimensional Unit, then the length of 
the boom 34 from the pivot axis 33 to the drill pivot 56 
would be 133/2 dimensional units. All other parts of the 
inkage are dimensioned in the preportion shown. 

It will be apparent from FiGURE 12 that when the 
boom is lowered as shown by the solid lines and com 
mences to be raised by application of upward force (by 
the cylinder 25) to the pivot 33, the arms 36 will swing 
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about the axis 37 until a position is reached wherein the 
points 16 and 33 are horizontally aligned with the point 
37, this being an intermediate position of the boom 
shown by dash lines, wherein the location of the points 
26 and 33 is indicated at 6' and 33", respectively. Dur 
ing this travel the pivot 33 moves in an arc 88 about the 
axis 37 so that as the location of the pivot 33 rises, it 
becomes horizontally further away from the axis 37 and 
correspondingly also becomes horizontaily further away 
from a vertical line 81 which is parallel to the straight 
vertical travel of the driil stem and passes through the 
pivot 16 in the lowered position of the boom. Thus, the 
pivot 16 will move upwardly along the straight line 81 
to the position 6. In the meantime, of course, the boom 
14 is guided by the link 46 so that the boom pivot 39 
swings in an arc 32 about the axis 41 and when the boom 
is in the intermediate position shown by the dash lines, 
the pivot 39 assumes the position 39, so that the lowered 
boom as shown at 4 is translated to a horizontal inter 
mediate position E4', at which time the point 39' is in 
horizontal alignment with the aforementioned horizon 
tally aligned points 16', 37, 33. . . . 

During the raising of the boom from the lowered to the 
intermediate position, the bell crank pivot 47 has shifted 
to the position 47, while the pivot 49 which connects the 
bell crank member 48 to the link 56 has shifted to the 
position 49' and the pivot 44 of the bell crank member 
45 has shifted to the position 44'. As a result, the guide 
arm 7 of the boom has been translated to the position 
17' and the pivot 18 which connects the guide arm to the 
drill has been raised to the position 18' along the same 
straight line 31 which represents the course of travel of 
the pivot 16. It therefore will be appreciated that the 
drill stem is not only maintained vertical, but is also 
raised in a straight, vertical path. 
When the boom is raised above the intermediate, hori 

zontal position shown by the dash lines at 14 to a fully 
raised position at 4'', the pivot 33 travels further along 
the arc. 83 and in so doing moves horizontally toward 
the line 81 until it reaches the position 33'. In that po 
sition the points 56", 8", 39', 49' and 44' will assume 
the positions 16', 8', 39', 49' and 44', respectively, 
and with the guide arm in the position 7', the fully raised 
position of the drill will be reached while preserving the 
straight line travel of the drill stem and maintaining the 
drill stem vertical. As a practical matter, the boom 14 in 
its lowered position may be at an angle of approximately 
13° from the horizontal, and approximately 15 from 
the horizontal in its raised position 14''. 

It is to be particularly noted that when the boom is in 
its lowered position as shown by solid lines in FIGURE 6, 
the overal height of the apparatus is relatively small, 
a practical embodiment of the invention measuring ap 
proximately twenty-three inches in overall height, where 
by the apparatus may be effectively used in mines with 
very thin mined strata or seams, where the vertical dis 
tance D between the floor and the roof of the mine is 
about twenty-eight inches. Sufficient clearance is thus 
afforded to permit the drill stem 13 to be inserted into 
the drill, and when the drill has been fed or advanced by 
the full length of the drill stem, the latter may be re 
placed by another of a greater length and the drilling 
operation continued until a hole of the desired length 

ment in FIGURE 12 large enough for sake of clarity, the 75 has been drilled. 
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While the foregoing apparatus as shown in FIGURES 
1-6 has been described with reference to drilling vertical 
holes in the roof of a mine, FIGURES 7-11 illustrate a 
modified embodiment of the invention which permits the 
drilling of holes in the side walls or the floor of the mine. 

in such a modified embodiment, the frame plate 22 is 
provided at the underside thereof with a bearing 55 which 
is aligned with a bearing 56 secured to the Web 25, the 
bearings 55, S6 being equipped with bushings 57, 58, re 
spectively, for a pivot pin 29'. The latter is secured in 
and extends through a sleeve 59 which is disposed be 
tween the bearings 55, 56 and is affixed to one end of 
a horizontal tube 68, rotatably mounted on a horizontal 
supporting shaft 6. One end of the shaft 6i is Secured 
to a mounting plate 62 which is suitably attached to the 
mobile carrier 2, and the end of the tube 6) adjacent 
the plate 62 is provided with a bracket 63, having pivoted 
thereto by a pin 54 one end of a fluid operator 65. The 
|atter inciudes a reciprocable piston rod 66 which is con 
nected by a removable pivot pin 67 selectively to a pair 
of rigid, apertured ear members 63 projecting to opposite 
sides from the frame plate 22, it being apparent from the 
foregoing that when the apparatus is in the position 
shown in FIGURES 7, 9 and 11, actuation of the fluid 
cperator 65 will swing the entire boom 14 in a horizon 
tal plane as indicated by the arrows 69, so as to position 
the drill 13 transversely of the mine for vertical drilling 
at any desired point. 

Ricreover, by simply rotating the tube 60 on the Sup 
porting shaft 65, the axis of the pivot pin 20', may be 
shifted from the vertical to the horizontal, this shifting 
being accompanied by a corresponding translation of the 
bcom 4 and of the drill 13 so that the drill stem or bit 
E3a is oriented laterally for horizontal drilling in either 
side wall of the mine. Also, by rotating the tube 6 on 3 
the shaft 59 through 180° from the position shown in 
FEGURE 7, the dril 13 may be disposed so that its stem 
3a is oriented downwardly rather than upwardly or lat 

erally, for vertical drilling in the mine floor. 
The tube 60 and shaft 6 are provided with sets of 4 

vertically registrable apertures 79 and horizontally regis 
trable apertures a to selectively receive a removable 
keeper pin 72, whereby the tube 60 may be locked in the 
desired position on the shaft 61 for either vertical or 
horizontal drilling. Rotation of the tube 60 on the shaft 
6 is effected manually (after removal of the keeper pin 
72) by means of a suitable hand bar or rod 73, inserted in 
an apertured boss 74 formed on the web 25, as will be 
apparent from FIGURE 8. 
While the fluid operator 65 may be double-acting so 

as to swing the boom 4 in either direction, its piston rod 
65 may be selectively attached to the two ear members 
58 of the plate 22 for pushing action only, particularly 
if only a single-acting operator is employed. 

it will be also observed that with the pivot pin 25' dis 
posed vertically, the operator 65 will Swing the boom 54 
from side to side for locating the drill stem 23 at any 
desired point transversely of the mine for vertical drilling 
in either the roof or the floor. On the other hand, with 
the pivot pin 23’ disposed horizontally, the operator 65 
Enay also be used for swinging the boom 54 upwardly 
and downwardly, so as to locate the drill stem vertically 
in the raine for horizontal drilling operations in the nine 
side walls. 

While in the foregoing there have been described and 
shown the preferred embodiments of the invention, vari 
ous modifications may become apparent to those skilled 
in the art to which the invention relates. Accordingly, 
it is not desired to limit the invention to this disclosure 
and various modifications may be resorted to, falling with 
in the spirit and scope of the invention as claimed 
What is claimed as new is: 

... In an earth drilling apparatus, the combination of 
a mobile carrier, a support mounted on said carrier for 
turning movement about a horizontal axis, a frame 
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6. 
mounted on said support for turning movement about an 
axis transverse to said horizontal axis, an elongated boom 
having an inner end portion pivotally connected to said 
frame for swinging movement of the boom in a plane 
parallel to said transverse axis, and a drill carried by the 
Outer end of said boom. 

2. The combination as defined in claim together with 
a fluid operator connected to and reacting between said 
frame and said support for turning the frame about said 
transverse axis. 

3. The combination as defined in claim together with 
imeans for releasably locking said support in a predeter 
mined position relative to said carrier. 

4. In a straight line drilling apparatus, the combination 
of a supporting frame, a first horizontal pivot pin on said 
frame, a first link having one end thereof mounted on 
Said first pin, an elongated boom having an outer end and 
an inner end, a first pivot connecting the other end of said 
first link to the inner end of said boom, said first pivot 
under the guidance of said first link being movable in an 
arc located above said first pin, a second horizontal pivot 
pin provided on Said frame in parallel with said first pin, 
a second link having one end thereof mounted on said 
second pin, a Second pivot connecting the other end of 
said Second link to the inner end portion of said boom at 
a point Spaced outwardly from the first pivot, said second 
pivot under the guidance of said second link being mov 
able in an arc located at that side of the second pin which 
is adjacent the inner end of the boom and the parts being 
proportioned so that when the boom is raised and lowered 
relative to said frame the outer end of the boon travels 
in a straight line, a bell crank pivotally connected to the 
inner end portion of the boom at a point between said 
first and Second pivots, said bell crank including a first 
arEn and a second arrin, a third pivot pin provided on said 
frame in parallel to the first and second pins, a link mer 
ber Swingably mounted on said third pivot pin and pivot 
ally connected to the first arm of said bell crank, a guide 
arm disposed adjacent said boom and having an outer end 
and an inner end, the inner end of said guide arm being 
pivotally connected to the second arm of said bell crank, 
the position of the bell crank relative to the boom being 
shifted by said link member during swinging movement 
of the boom so that the outer end of said guide arm also 
travels in a straight line, and a drill pivotally mounted 
at the Outer ends of the boom and guide arm. 

5. The combination as defined in claim 4 together with 
a fluid operator connected to said frame and to said boom 
for inparting a Swinging movement to the latter. 

6. The combination as defined in claim 4 together with 
an extensible and retractable fiuid operator connected at 
one end thereof to said frame and connected at its other 
end to one of said pivots. 

7. In a straight line drilling apparatus, the combination 
of a drill including a drill stem, a boom having an inner 
end portion and an outer end, the outer end of said boom 
being pivoted to said drill, a guide arm disposed adjacent 
Said boon and having an inner end and an outer end, the 
Outer end of Said guide arm being pivoted to said drii at 
a point spaced from the cuter end of the boom in a direc 
tion parallel to the axis of the drill stem, a supporting 
frame, first and second pivot pins provided in parallel 
relation on said frame and extending transversely of the 
boom, a first link Swingably mounted on the first pivot 
pin and pivotally connected to the inner end of the boom, 
a second link swingably mounted on the second pivot pin 
and pivotally connected to the inner end portion of the 
boom at a point spaced longitudinally from the first link, 
the pivotal connection of the first link to the boom under 
the guidance of the first link being movable in an arc lo 
cated above said first pivot pin, the pivotal connection of 
the Second link to the boom under the guidance of the 
second link being movable in an arc located at that side 
of said second pivot pin which is adjacent the inner end 
of the boom and the parts being proportioned so that 



7 
when the boom is swung relative to said frame the outer 
end of the boom travels in a straight line, and means oper 
latively connecting the inner end of said guide arm to the 
inner end portion of the boom and to said frame so that 
the oriter end of the guide arra also travels in a straight 
line during the swinging movement of the boon. 

8. The combination as defined in claim 7 wherein said 
means comprise a bell crank pivotally mounted on the 
inner end portion of said boom for rocking movement in 
a plane parallel to the swinging movement of the boom, 
said bell crank including a pair of arms, one arm of the 
beil crank being pivotally connected to the inner end of 
said guide arm, and a guide link pivotally connected at 
one end thereof to the second arm of the bell crank, the 
other end of said guide link being pivotally connected to 
said frame. 

9. The combination as defined in claim 7 together with 
an extensible and retractable fluid operator for imparting 
swinging movement to said boom, one end of said fluid 
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3. 
operator being pivotally connected to said frame and the 
other end thereof being pivotally connected to said boom. 
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