1,821,473

3 Sheets-Sheet 1

1925

BORING TOOL

H. H. MERCER
Filed Oct. 26,

Sept. 1, 1931.

SIS

ek N\ N RS

Leg.J.
~
i
I
|
il "4
o)
Lroveratar:
vl Mercer.
Ve
- Abtoruey

_ = R
R ST TR | N, ﬁ\\\ ﬁ H P
NN SN\
QX S
~ % N o S
R I A o N\
—) S S
Y A NN _ & IR R R
~~ N &y wwn0 wﬂ, X
X .. A gy N AAANNNIN NN\
E = Iu,/// /ﬁ - D?U
_ h 2 . o) o{u ST ¥
\‘ _—/ ./ AN AN AN\ . AN NN AAAA/ \\ IIM” 4AA//J// N )ﬂza AN ﬂ0 AN é



Sept. 1, 1931. H. H. MERCER 1,821,473

BORING TOOL
Filed Oct. 26, 31925 3 Sheets-Sheet 2

| Pt N == | g'
| §t i

DAL ST A7

7

AN

W SN

OSSN

ISP VLSS

=

T2 7 777
— E

XL LAl L
W
A
o N
(;f) /7
STREN

N E
LA L 77777

el
U AR
SRR i
L7/ 7 4

P LIYS Y94

(A “
AT N (s:
v

, LN
7 T
L‘?% \ VAN
0
&l b . A\vA/

i‘i‘ ‘: X227

IITITITH NSNS IS4
\ R

N
N

Q
B

e
e

N

§ /! D ,'g
L3N

fandiN
M
"

AJ2R*  Invendor:
N Her0ry H Mereer

i
-




Sept. 1, 1931. H. H. MERCER 1,821,473
- BORING TOOL
Filed Oct. 26, 1925 3 Sheets—Sheet 3

Y- TEgd
L2 L s ) g

99

Ll

a3
1
NN

A ROOESNNASSSIAY
TSNS ST Ry
T

Z2NSNNN
R22A==N

[N

553 —"
oy @

TS TEL G v

2 - 7

v
P

NS INNNNNRNNNNNY /2! 7%

T

77
2]

L e R 77 7

SN 99
24 ~99%

S %" c
-

Y
7

=,
N

Qr
N
D SEPT AN
L T ATm e R 27 777777777777 777 7 S

2T 7772
e R L AR T X 7 77 e X

Y
T WERHMEREE T
| SN 5575

NA

\,/a\

AN/ NANVANN NN

\

¥
ah
N

WY/
g Il’:, / AN
NN ‘

It
T

AR Zl_llllm
SN NIl
N
{1
|

SN

ANNANTAANINNNNRRNY AN

> =
W T I

Tnvenior

- ‘?7 LleraiyH Mercer
s | j47 oy Vs |
Nl 28 &




10

Patented Sept. 1, 1931

UNITED STATES

1,821,473

PATENT OFFICE
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BORING TOOL

Application filed October 26, 1925. Serial No. 65,019.

While this invention relates generally to
improvements in boring tools, it is directed
more particularly to expanding reamers.

In boring holes for certain kinds of work
such as to receive explosives, it is desirable
that the bottom portion of the hole be en-
larged, thereby to provide a substantial sized
pocket for receiving the explosives. While
my invention is particularly applicable to
enlarging the lower portion of the hole for
the purpose above described, it will of course
be understood that the same might be used
for any purpose desired.

It is an object of my invention to provide

mmproved means for materially enlarging the
18 A oillg

hoie'and particularly improved means for
effecting operation of the expansion mech-
anism employed when the same has reached

. a predetermined distance from the hole bot-

20

tom. In one specific aspect of the invention
the above result is accomplished by provid-
ing a pair of outwardly moving arms carry-
ing a well known type of conical shaped ro-

_tating cuter and having cam mechanism for

>

S

'3

48

>
&5

insuring outward movement of the arms with
subsequent locking thereof. This cam mech-
anism is generaily operable by an exterior
force such as a member abutting the bottom
of the hole and another member movable
relative thereto, relative movement therebe-
tween causing the cam mechanism to op-
erate. A further object is to provide a strue-
ture whereby eentain parts may be made

- identical such for instance as the reamer car-

rying arms, means for retaining the same jin
operative relation to a supporting casing, and
cams for actuating said arms. Another form
of means for actuating the cutter carrying
arms and one which is not depeadent upon
s member engaging the bottom, comprises a
fluid actnated cylinder adapted to effect rela-
tive movement between the cam member and
the member carrving the arms, this latter

s type of mechanism also permitting the wutili-

zation of actuating fluid for hole cleansing
purposes.

In the accompanying drawings T have
shown for purposes of illustration two forms
which my invention may assume in practice.

In these drawings,—

Fig. 1 is a side elevational view with the
reamer arms contracted.

Fig. 2 is a side elevational view with the
reamer arms expanded.

Fig. 3 is a side elevational view with the
reamer arms expanded and fed downwardly
through its maximum depth. '

Figs. 4 and 5 are vertical sectional views:
taken substantially on line 4 —4 of Fig. 8,
showing the reamer arms contracted and ex-
panded, respectively.

Fig. 6 is a vertical seetional view with the
parts in position, as indicated in Fig. 5, but
with the left hand reamer arm removed to
facilitate illustration.

Fig. 7 is a side elevational view similar to
Fig. 1, but turned through 90° and parts of
which are broken away to show details of
construetion; ' :

Fig. 8 is a transverse seetional view taken:
substantially on line 8—8 of Figs. 5 and 7.

Fig. 9 is an elevational view of the inner
side of one of the reamer carrying arms.

Fig. 10 is a perspective view of the reamer
carrying arm looked at from its outer side.

Fig. 11 is a fragmentary side elevational
view of the reamer arm looked at from the
direction of the arrow in Fig. 9 and partly
broken away in section to show details of

. construction.

Fig. 12 is g side elevational view of the
journal support for the reamer carrying
arms. - ‘ :
Fig. 18 is a perspective view of one of the
duplicate retaining sides for the reamer
carrying arms and journal support.

Fig. 14 is a transverse secfional view on
line 14—14 of Fig. 4. ‘

Tig. 15 1s a diagrammatic view of the cam
actunating mechanism in a position interme-
diate that shown in ¥Figs. 4 and 5, parts being
omitted to facilitate i'ﬁustrat-ion. -

Fig. 16 is a side elevational view of a modi-
fied form of reamer arm expansion actuating
means: o .

Fig. 17 is a partial vertical sectional view
of the modified form of actuating means.

In the Hllustrative embodiment of my in-
vention shown in Figs. 1 to 15, I have pro-

55

65

70

To

80

90

95

gD




10

15

20

35

40"

58

60

65

2 r-arm

vided a pipe 1 extending from the ground
surface down into a hole 2 which has been
initially bored by suitable drilling apparatus.
Attached to the lower end of the pipe 1 is my
improved expanding reamer which comprises
a casing 3 having its upper end threadedly.
connected as at 4,preferablybyataperedmale
and female joint, to the pipe 1. The pipe 1
also has an air conducting passage -5 leading
to the cylinder 3. e

The reamer and expansion means therefor
comprise substantially four mechanisms cer-
tain of which of course include a plurality of
elements and some of these elements are du-
plicates. The four mechanisms are, the du-

plicate reamer carrying arms, a journal sup- .

port for permitting said duplicate arms to be
suitably journaled, duplicate retaining walls
for holding the arms and journal support in
operative relation, and duplicate cam mech-
anism adapted to engage suitable grooves
formed. in the outer surfaces of the reamer
arms. The arms, journal support therefor,
and duplicate retaining walls when assem-
bled, form a substantially cylindrical outer
surface and are insertible within the lower
end of the cylinder 3. '

Referring more specifically to the above
mentioned mechanisms the reamer arms, gen-
erally indicated 6 and being identical in con-
struction, comprise a hub portion 7 having
convex cylindrical surfaces 8 and 9 (see Figs.
9, 10 and 11). Projecting upwardly and
downwardly from the hub 7 are flat cam en-
gaging portions 10 and 11. These portions
are flush with one side of the hub 7 while the
opposite sides are offset thereby forming a
recess T’. A boss 12 extends laterally from
the portion 11 and is adapted to support ro-
tatably a usual conical shaped reamer cutter
18. - The manner of supporting the cutters 13
in the bosses 12 is also well known. -As

.shown, formed on the inner side of each of the

hubs 7 is an annular groove 14, To support
the two arms in their journaled relation &
thrust journal support generally indicated
15 is provided (see Fig. 12) and comprises a
central cylindrical portion 16 having alined
annular flanges or thrust rings 17 on opposite
sides thereof as clearly shown in Fig. 8.
These flanges are receivable in each of the
grooves 14 while the convex surfaces 8 and 9
of each of the arms will engage the concave
cylindrical surfaces 18 and 19 of vertically
extending lateral supporting arms 20 which
also extend laterally of the opposite sides of
the portion 16. . Short horizontal surfaces
93 formed on the lower end of the arms 20
engage, when the reamer.arms are in their ex-
panded position, surfaces 24, while the sur-
faces 22 engage surfaces 25 formed on-the
reamer arms. . . .. st s

. When the reamer arms and-journal support
are in their operative relation, in effect they
will form what might be termed an arm unit
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with the bosses 12 extending in opposite di-
rections as indicated in Figs. 2, 5 and others.
As shown in Fig. 8 the two hubs 7 and the
journal support 15 when in their operative re-
lation are narrow. To support this unit and
to receive the upward thrust thereof the low-
er end of the casing 3 has a counterbore 30
to receive glidably the arms 20 of the journal
support and forming a shoulder 30* with
which the upper surfaces of the armsengage,
the depth of this counterbore being equal to
the length of the arms 20.

To hold positively this arm unit in fixed
relation to the casing 3 there are, in this in-
stance, provided a pair of duplicate retaining
wall forming members generally indicated
31. These two wall forming members when
placed together and assembled with the arm
unit form what might be termed a supporting
unit. Referring to Fig. 13 only one of these
walls will be described in view of the dupli-
cate character of the two. A semi-cylindri-
cal body portion 82 has an upper head 33

which forms a semi-circle whose radius of
curvature is equal to the inner diameter of
the casing 3, thereby causing a portion 34 of
the head 33 to overhang the surface 32" of
the body. The distance of this overhang is
equal to one-half the thickness of the arm
unit. Formed in one lower corner of the
body 32 is an arm stop 85 and it has a por-
tion 36 projecting outwardly from the body
portion 32 a distance also equal to one-half
the thickness of the arm unit. A radial flange
37 projects a distance equal substantially to
the thickness of the wall of the cylinder 3
adjacent the counter bore. The portion 35 ex-
tends downwardly to form surfaces 38 and 89,
these being adapted to engage surfaces 40
and 41 formed on the portion 11 of the arms
6 when the latter are in retracted position.
The annular flange 87 terminates at a point
flush with the inner side of the body portion
32 at a point diametrically opposite to the
member 35. Thus when the two duplicate
retaining walls 31 are placed together, there
will be a portion 85 at diametrically opposite
points. There will also be formed between
the two halves a slot equal to the thickness of
the arm unit. The arm unit when disposed
between the retaining walls will have the
lower surfaces 23 of the thrust journal sup-
port 15 resting upon the portions 86. It will
be noted from Fig. 8 that the width of the
arms 20 is equal to the width of the groove
formed between the surfaces 32" of the two
retaining members so that the surfaces 23
will overhang each of the supporting sur-
faces 86 a distance equal to one-half the thick-
ness of the groove and as shown at 45 in Fig.
7. Thus the arms 20 of the journal support
also constitute spacing members for the lov-
er end of the walls 31. Due to the half thick-
ness of the members 85 a slot 46 is formed
between each of the members 35 and the op-
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posing portion 47 of the walls 31. With the
arms 20 resting upon the surfaces 36 and
the reamer arms projecting in opposite direc-
tions through the slots 46, it will be seen that

when the reamer arms are collapsed the sur-

faces 40 and 41 of the right hand reamer arm
will engage the surfaces 88 and 39 on the
left hand side of the body member 31, this
relation being more readily seen from con-
sideration of Fig. 9, Fig. 18 and Fig. 6. The
same relation exists between the left hand
reamer arm and the right hand stop 85. The
arm unit may, if desired, be held in operative
relation to the retaining walls 81 as by suit-

“able dowel pins 48 (see Fig. 12), although

any other suitable means might be employed.
The supporting unit comprising the retain-
ing wsall assembled with the arm unit may
now be inserted within the lower end of the
cylinder 3 and forced upwardly therein un-
til the flanges 37 engage the lower end of the
casing. Upward movement of the journal

~support 15 1s limited by engagement with the

shoulder formed by the annular counterbore
in the lower end of the casing 8. The retain-
ing walls may be prevented from rotating
relative to the casing by any suitable means
such as set screws or the like. ’

As it is desired not to expand the reamer
arms until the same have reached a prede-
termined position in the hole 2, improved
cam actuating mechanism is provided; and
in the preferred form this mechanism in-
cludes an abutment member which upon en-

‘gagement with the bottom of the hole holds

the cam mechanism against further longi-
tudinal movement, while the casing 3 con-
tinues to descend. An additional function is
that of holding the reamer arms expanded
while the same descend with the casing 8.
The casing 3 is rotated during this operation
so as to effect a cutting action. The mech-
anism for expanding the reamers comprises
essentially three means; namely, a pair of
parallel rods adapted to abut the bottom of
the hole, a series of cams disposed on the
inner sides of each rod, and a series of cam
receiving grooves formed in the outer sur-
faces of the reamer arms 6. The cam receiv-
ing grooves in the arms 6 comprise a straight
groove 50 having portions 51 and 52 in the
arm portions 10 and 11, respectively. Trav-
ersing the groove 50 is a curved groove 53
having portions 54 and 55 in the portions
10 and 11, respectivelv, these grooves inter-
secting to form a common grooved portion 56.
From Fig. 8 it will be seen that these grooves
face outwardlv and are adjacent the surfaces
327 of the retaining walls 31. Due to the dup-
licate character of the two arms the grooves
on the two arms, when assembled, will be rel-
atively reversed.

To actuate these arms two parallel hollow
abutment rods 60 are slidably mounted in
openings 61 which extend entirely through

each of the retaining walls 81." The opening
61 slightly overlaps the surface 32" thereby
forming a vertical slot 62. This overlap is
not, however, sufficient to cut through the
overhanging portion 34 so that in order to
take care of cams which are mounted on the
rod 60 a vertical slot 63 is formed in the por-
tion 34. The rods are joined at their lower
end by a transverse member 64 having 2 cen-
tral abutment point 65, while the upper end
of the rods are joined by a member 66 be-
tween which and the pipe 1 is disposed a
spring 67. The rods 60 and the joining mem-
bers 64 and 66 are hollow so that air flowing
through the passages 5 can be discharged
adjacent the bottom of the hole to blow the
cuttings therefrom. To discharge a blast of
air adjacent the cutters a series of openings
68 extend longitudinally and entirely
through each of the retaining walls 31.
Mounted on each of the inner surfaces of the
rods 60 which are duplicates are three cams
comprising an elongated locking cam 70 and
a pair of arm swinging cams 71 and 72, the
cams 71 and 72 being tapered at their ad-
jacent ends in order that they may easily op-
erate and cooperate with the grooves 50 and
53. Due to Figs. 4 and 5 being taken on line
4—4 of Fig. 8 the cams on the rod 60 which is
disposed:cn the upper side of the horizontal
center line of Fig. 8 are shown in full, while
the cams on the other rod 60 are shown in
section without any apparent support being
shown in Figs. 4 and 5. This is done for
the sake of clearness and understanding of
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the operation of the device. Inorderthatthe -

reamer arms may be contracted as much as
possible, notches 75 and 76 are formed in the
rods 60 to receive the cutters 18 when in the
position shown in Fig. 14 and in ovder to al-
low swinging of the cutters the lower por-
tions of the retaining walls 81 are cut away
as at 77 and 78. It will also be noted that the
cutter supporting portion 12 of each of the
arms is offset laterally from the lower base
portion 11 thereof, this being clearly shown
in Fig. 7. The reason that the arms are each
offset on opposite sides from the center line of
the casing, and in order to bring the cutters
back to the center the offset feature is re-
sorted to.

In the operation, the reamer device with
its reamer arms is collapsed as shown in
Figs. 1 and 4 and inserted in the hole 2 until
the member 65 abuts the hole bottom where-
upon the rods 60 will be held against vertical
movement while the casing 8 is fed down-
wardly by any suitable mechanism at the
ground surface. During the downward
movement of the casing 3 the cam receiving
slots 50 and 53 will move relative to the cams
71 and 72. During this relative movement
from the position shown in Fig. 4 the fol-
lowing action takes place. The cam 72 dis-
posed in the groove portion 54 forces its re-
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4

spective reamer arm outwardly and when
the cam 71 is disposed within the common
groove 56 the cam 72 will have pivoted the
reamer arm sufficiently on the journal sup-
port 15 so that the cam 71 will pass into the
grooved portion 51 instead of into the
grooved portion 54, this being permitted due
to the tapered end of the cam 71. This po-
sition is shown in Fig. 15. At this particular
instant the groove cut away surface 52* of
the grooved portion 52 will have just en-
gaged the curved surface 70* of the cam 70.
Continued relative movement will cause fur-
ther pivotal outward movement of the reamer

arms and when the cam 72 emerges from its

arooved portion 54, the cam 71 will be fully
aisposed within the grooved portion 51 while
the grooved portion 52 will have received a
considerable portion of the straight cam 70.
Continued relative movement will therefore
effect no further outward movement of the
reamer arms and the latter will be held in
fixed relation not only by the locking cam
70, but also by engagement of the surfaces
22 and 23 of the journal support 15 by the
surfaces 25 and 24 of the reamer arms. When
the desired amount of reaming has been ac-
complished the stem 1 is removed upwardly
from the hole by any suitable means at the
ground surface, but the spring 67 will hold
the rods 60 down. The result is that the
reverse cam action is obtained so as to con-
tract the reamer arms. This reverse cam ac-
tion is as follows. The cam 70 has relative
movement to the slot 50 until the surface 70*
is disposed adjacent the common grooved
portion 56 at.which period the cam 71 enters
the grooved portion 51 and upon continuous
relative movement the cam 70 will just about
be withdrawing from the grooved portion
52 when the cam 72 is just entering the
grooved portion 54. The cam T2 can enter
the grooved portion 54 for the reason that
its tapered end extends laterally of the cam
71 and the grooved portion 54 terminates so
as to provide a cut away surface 54* 'Lhis
permits the surface 54* to engage the surface
792 of the cam 72. The result is the cam 72
is safely started within the grooved portion
54. Upon continued relative movement the
cam 72 will engage the surface 54" and ac-
cordingly due to the inclination of the cam
72 will pivotally inwardly move the reamer
arms about the journal support 15. The
reamer arms will continue to move inwardly
so that by the time the cam 71 is within the
common grooved portion 56 the lower end ot
the cam 71 will easily move into the grooved
portion 55 where it will come to rest by en-
eagement with the end of caid grooved por-
tion. The collapsed reamer may then be re-
moved through the small portion of the hole
2, leaving merely a large reamed pocket at
the bottom: It will also be noted that pres-
sure fluid flows from the pipe 1 through the

1,821,475

casing 2 and between the moving parts of
the reamer during operation thereof thus
rendering the device self-cleaning and pre-
venting wear of these parts by any foreign
substance.

It is the purpose of my modification as
shown in Figs. 16 and 17 to actuate the rods
60 without abutting the bottom of the hole
and to also provide means whereby varying
degrees of reamer expansion may be had
thereby to effect different sized reamed holes.
To accomplish this I have mounted the cas-
ing 3 within and hold the same in fixed re-
lation to a .casing 85. The principal dis-
tinction between the modification and the
preferred form is to provide mechanism for
actuating the rods 60 from their upper end.
This mechanism comprises a support 86 hav-
ing a radial flange 87 provided with ports 88
and a dove-tailed annular flange 89, the in-
clined surfaces of which are engaged by the
tapered ends of the casing 85 and of a drill

70

75

80

85

stem 90." The flange 87 and casing 85 and

90 -are held in fixed relation by any suitable
and well known means. The support 86 is
provided with a cylindrical bore 91 carry-
ing at one end a packing 92 which engages
the periphery of a cylinder 93. The upper
end of the support 86 also carries a packing
94 -engaging the upper end of the cylin-
der 93 while a split collar 95 has thread-
ed engagement with the upper end of
the support 86 and is adapted to be
clamped to the cylinder 93 as by a bolt 96.
A pisten 97 has a piston rod 98 extending
through a cylinder head 99 and attached to
the transverse member 66 which holds the
rods 60 in their fixed relation. The port 99
provides communication between the cylin-
der 93 and the casing 85. A spring 100 is
disposed between the piston 97 and the upper
cylinder head 101. A port 102 has com-
munication with an annular elongated recess
103 the latter venting to the atmosphere as
through a radial port 104. To limit the de-
gree of reamer expansion the cylinder 93 is
longitudinally adjustably mounted in the
bore 91 the adjustments being effected by
loosening the bolt 96 and moving the ¢ylin-
der 93 downwardly or upwardly to bring
the desired one of a series of marked gradu-
ations 105 into alinement with the top of a
pin 106 carried by the collar 95. It will of
course be clear that any fixed surface could
be used to gage the position of the marked
graduations, although a pin is preferable for
the reason that grease or other matter might
accumulate on the fixed surface. :

In the operation of this form of my inven-
tion the casing 85 and 90 will be inserted
within the hole 2 without any air pressure
in said casing. Accordingly the spring 100
will force the piston 97 to the position shown
in Fig. 17 with consequent positioning of the
rods 60 at the lower limit of their travel. By
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analogy with Figs. 1 and 7 it will be séen
that at the same time contraction of the
reamer arms takes place. The entire mecha-
nism below the piston rod 98 is identical to
that shown in the preferred form of device.
When the reamers have reached the prede-
termined point from which the reaming ac-
tion will commence, air pressure admitted to
the casing 90 and passing through the ports
88 and 99" will force the pisten 97 upwardly

against the spring 100 thereby carrying the

rods 60 upward. This results in expanding
the reamer arms in a manner similar to that
described in connection with the preferred
form. (See Figs. 2, 8, 4 and 5.) Upward
movement of the piston 97 is limited by the
engagement or abutting of the upper surface
of the transverse member 66 with the lower
surface of an adjustable member 99 thread-
edly secured within the bottom of the cylin-
der head member 99. Downward movement
of the piston 97 is limited by the engagement
of the lower surface of the transverse member
66 with the upper surfaces of the heads 33
formed on the wall forming members 81.
Thus to obtain different degrees of reamer
expansion, that is when holes of different di-
ameters are desired to be reamed, the cylin-
der 93 need only to be vertically moved to
vary the distance between the lower surface
of the member 99* and the upper surfaces of
the heads 83. The reamer may have its max-
imum expansion when the cylinder 93 is
clamped in the position shown in Fig. 16, the

cylinder 93 being shown in its extreme up- -

ward position. If, however, the eylinder 93
is moved downwardly the piston 97 and head
99 will be supported so that the amount of
piston travel will be reduced by the amount
of said separation. During this separation
the rod 60 cannot be forced downwardly by
the spring 100 for it is assumed that in the
position shown in Fig. 17 the rods already
have their maximum downward movement
and accordingly the reamers are in their con-
tracted position as shown in Fig. 16. It will
also be noted that the graduations marked on
the cylinder 93 may be so determined that the
distance between each graduation may cause
inch variations in the diameter of the reamed
hole, although other graduations may obvi-
ously be used. = It will also be evident that the
elongated annular recess 103 in the member
86 permits the venting of the bore of the
cylinder 93 above the piston 97 irrespective of
the adjusted position of the cylinder rela-
tive to the member 86. Advantages other
than those pointed out will be clearly appar-
ent to those skilled in the art. R
While I have in this application speecifi-
cally described two forms which my inven-
tion may assume in practice, it will be under-
stood that these forms of the same are shown
for purposes of illustration and that the in-
vention may be modified and embodied in‘var:

s

ious other forms without departing from its
spirit or the scope of the appended claims.

What I claim ‘as new and desire to secure
by Letters Patent is: ‘

1. An earth cutting tool comprising a cut-
ter carrying arm having a plurality of cam
receiving grooves, means for supporting the
same to allow radial movement thereof, and
actuating means therefor including a plural-
ity of cams adapted to cocperate . with
said. plurality of grooves, one of said cams
serving to effect initial outward movement
of said arm and another to effect final out-
ward movement.

2. An earth cutting teol comprising a cut-
ter carrying arm having a steaight groove
and a curved groove, means for supporting
said arm for radial movement, and arm actu-
ating means including cam mechanism re-
ceivable in said grooves. ‘

3. An earth cutting tool comprising a cut-
ter carrying arm having intersecting grooves,
means for supporting said arm for radial
movement, and arm actuating means inelud-
ing cam mechanism receivable in said grooves.

- 4. An earth cutting tool comprising a ‘cut-
ter carrying arm having intersecting grooves,
means for supporting said arms for radial
movement, and-arm actuating means includ-
ing cam mechanism cooperating with said
grooves to cause said radial movement, and
cam mechanism also adapted to ccoperate
with one of said grooves to lock said arm in
an outward position.

5. An earth cutting tool comprising a cut-
ter carrying arm having angularly disposad
grooved portions, means for supporting said
arm for radial movement, and arm actuating
means including cams angularly disposed

with respect to each other and adapted to co-

operate with said grooved portions.

6."An earth cutter comprising a cutter car-
rying arm  having straight and curved
grooved pertions, means for supporting said
arm to allow radial movement thereof, and
arm actuating means including ‘cam mecha-
nism receivable in:said grooved pertions.

7. An‘earth cutter comprising a cutter car-
rying arm having straight and curved grooved
portions, means for supporting said arm to
allow radial movement thereof, and arm actu-
ating ‘means including “ cam  mechanism
adapted to cooperate with said curved portion
to cause radial movement of said arm and
to cooperate with said straight portion to
lock the same in position. : e

8. An earth cutter comprising a cutter car-
rying arm baving a cam receiving groove,
means for supporting said arm to allow ra-
dial movement, and arm actuating means in-
cluding a plurality of separate cams suc-
cessively receivable in said groove. '

9. An earth cutting tool ecomprising a cut-
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radial movement, and arm actuating means
including a plurality of spaced cams adapted
to be simultaneously receivable in said
groove. ,

10. An earth cutting tool comprising a cut-
ter carrying arm, means for supporting the
same, and arm actuating mechanism including
a plurality of cams, certain of which are
adapted to effect radial arm movement, and
certain of which are adapted to lock said
arm in position after radial movement.

11. An earth cutting tool comprising a cut-
ter carrying arm, means for supporting the
same for radial movement, -and actuating
means therefor including a plurality of
spaced cams having certain portions thereof
in alinement and a portion extending later-
ally from said alined portions. -

12. An earth cutting tool comprising a cas-
ing, a pair of cutter carrying arms, and means
for pivotally supporting the same including
a journal interposed between and having slid-
ing engagement with the inner sides of said
arms, and means for supporting said journal
support by said casing.

13. An earth cutting tool comprising a cas-
ing, a pair of radially movable cutter carry-
ing arms, and means for pivotally support-
ing the same including a journal support in-
terposed between and having sliding engage-
ment with the inner sides of said arms and
having supporting portions adapted to be
removably secured to said casing. .

14. An earth cutting tool comprising a pair
of cutter carrying arms, a journal support
interposed between and having sliding. en-
gagement with the inner sides of said arms,
and arm actuating mechanism disposed on
the outer side of said arms.

15. A reaming device comprising a pivoted
tool carrying arm provided with an imperfo-
rate hub and supporting means therefor com-
prising projections journaled in said hub.

16. An earth cutting tool comprising a cas-
ing, a cutter carrying arm, and means for
supporting the same in said casing including
a removable journal support, a plurality of
retaining walls, and means for supporting
said journal support by said walls which are
receivable in said casing.

17. An earth cutting tool comprising a cas-
ing, a pair of cutter carrying arms, means for
supporting said arms by said casing includ-
ing a journal support disposed between and
common to said arms, and a plurality of re-
taining walls having means forming a slot
therebetween within which said journal sup-
port is receivable, said retaining walls and
journal support being disposable within said
casing.

18. An earth cutting tool comprising a cas-
ing, a pair of cutter carrying arms, means for
supporting said arms by said casing ineclud-
ing a journal support disposed between and
common to said arms, and a plurality of re-
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taining walls having means forming a slot
therebetween within which said journal sup-
port is receivable, said retaining walls and

journal support being disposable within said

casing, and actuating means for said arms in-
cluding rods movable longitudinally relative
to said casing and carrying cams adapted to
cooperate with said arms.

19. An earth cutting tool comprising a cas-
ing, a plurality of cutter carrying arms,
means for supporting the same including a
plurality of retaining walls disposed in said
casing having means forming a slot within
which said arms are receivable and having a
longitudinal opening, and arm actuating
means including a rod extending through
said retaining wall opening, and cam mecha-
nism carried by said rod and adapted to co-
operate with an arm.

20. An earth cutting tool comprising a cas-
ing, a pair of identical cutter carrying arms
each having a hub portion provided with out-
er cylindrical bearing surfaces, and means as-
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sociated with said casing cooperating with

said bearing surfaces to support said arms.

21. An earth cutting tool comprising a cas-
ing, a pair of identical arms each having a
hub portion provided with outer cylindrical
bearing surfaces, and a journal support car-
ried by said casing disposed between said
arms and having cylindrical surfaces cooper-
ating with said bearing surfaces.

29. An earth cutting tool comprising a

90

pair of cutter carrying arms, and means for

supporting the same including means pre-
senting cooperating annular grooved and
flanged portions, certain of which are asso-
ciated with said arms. : '

23. An earth cutting tool comprising a cas-
ing, a plurality of cutter carrying arms,
means for pivotally supporting the same by
the lower portion of said casing, actuating
means therefor including a plurality of rods

disposed within said casing and extending .

from below said pivotal support to an upper
portion of said ecasing, and means disposed
at the upper end of said casing for effecting
relative movement between said rods and cas-
ing thereby to cause radial movement of said
arms.

24, An earth cutting tool adapted for
reaming a hole comprising a casing, a pair
of cutter carrying arms, means for support-
ing the same at the lower end of said casing,
and -actuating means therefor including a
pair of rods disposed on the outside of said
arms; and means for effecting relative move-
ment between said rods and casing including
actuating means disposed at the upper end
thereof, said rod and arms having cooperat-
ing cam and grooved members, said rods
adapted to be actuated to open said cubter
carrying arms by engagement with the bot-
tom of the hole. '
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95. An earth cutting tool comprising a
casing, a cutter carrying arm, means for sup-
porting the same by said casing including
retaining wall means having a slot and head
and a longitudinally extending opening,
means for supporting said arm within said
slot, and actuating means for said arm in-
cluding a member movable through said
longitudinal opening and having a movable
abutment member adapted to engage said
head.

96. An earth cutting tool comprising a
casing, a cutter carrying arm, means for sup-
porting the same by said casing including re-
taining wall means having a slot and head
and a longitudinally extending opening,
means for supporting said arm within said
slot, actuating means for said arm including
a member movable through said longitudinal
opening and having a movable abutment
member adapted to engage said head, and
means engageable with said abutment mem-
ber for effecting relative movement between
said member and casing.

97. As an article of manufacture, a retain-
ing wall comprising a member having a body
portion and an overhanging spacing portion
at one end, and an opening extending longi-
tudinally through said body portion and
overlapping the surface of the same and pre-
senting a slot in said surface.

98. As an article of manufacture, a retain-
ing wall comprising a member having a body
portion and an overhanging spacing portion
at one end, an opening extending longitudi-
nally through said body portion and over-
lapping the surface of the same and present-
ing a slot in said surface, and means dis-
posed at a lower portion of said body mem-
ber presenting abutment surfaces.

99. As an article of manufacture, a re-
taining wall comprising a member having a
body portion and an overhanging spacing
portion at one end, an opening extending
longitudinally through said body portion
and overlapping the surface of the same and
presenting a slot in said surface, and means
disposed at the lower portion of said mem-
ber presenting a laterally extending sup-
porting lug.

30. As an article of manufacture, a-re-
taining wall, a plurality of which are adapt-
ed to form a unit and comprising a body
member having an overhanging hub portion,
and a lug disposed at the lower end of said
body member to form a suitable journal sup-
port.

81. As an article of manufacture, a journal
support comprising a member presenting
bearing surfaces on opposite sides thereof,
annular flanges orojecting from said sur-
faces, and substantially parallel arms ex-
tending from opposite edges of said surfaces.

32. As an article of manufacture, a cutter
carrying arm comprising a cutter supporting
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portion, a portion having cam receiving
grooves formed only in the side thereof, and
a supporting hub portion disposed between
the ends of said arm.

33. As an article of manufacture, a cutter

carrying arm comprising a cutter supporting -

portion, a portion having cam receiving
grooves formed only in the side thereof, and
means presenting an annular supporting sur-
face on the side of said arm opposite said cam
grooves.

34. As an article of manufacture, a tool
carrying arm comprising a tool supporting
portion, a hub portion adapted to engage sup-
porting means for said arm, and cam receiv-
ing grooves formed in the side of said arm
and passing through said hub portion.

35. An earth cutting tool comprising ex-
pansible cutter carrying arms, supporting
means therefor, means for actuating said
arms including a hollow member adapted to
cause movement of said arms upon abutting
a hole bottom, and means whereby cleans-
ing fluid may be discharged through said
hollow member, said hollow member being
movable bodily relative to said arms and
said supporting means.

86. An earth cutting tool comprising a
pair of reamer cutter carrying arms having
portions mounted in overlapping relation,
and cam mechanism for actuating one of said
arms cooperating with the overlapping por-
tion of said arm and disposed wholly on the
side of said arm farthest away from the other
arm, and similar cam mechanism for actuat-
ing said other arm.

37. An earth cutting tool comprising a
casing, a pair of reamer cutter carrying arms
pivotally mounted in said casing with their
journal portions in overlapping relation,
and cam mechanism for actuating one of said

arms cooperating with the journal portion

of said arm and disposed wholly on the side
of said arm farthest away from the other
arm, and similar cam mechanism for actuat-
ing said other arm.

38. An earth cutting tool comprising a
casing having a circular wall, a plurality of
cutter carrying arms having relatively wide
flat portions for supporting the same, and
means for mounting said arms in said casing
and guiding the same for transverse move-
ment relative to said casing during opening
and closing of said cutter carrylng arms,
said means comprising a plurality of remov-
able members presenting a space therebe-
tween and having parallel walls for receiv-
ing and enclosing said flat portions of said
arms, said members being disposed within
the circular wall of said casing, and means
for preventing axial displacement therefrom.

In testimony whereof I affix my signature.

: HENRY H. MERCER.
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