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. FRANK §. BUNKER, OF ¢

Patented :Sépt. 20, 1932 o

‘The present. invention.is concerned gener-

ally with:expansive drills or reamers for use
in well-drilling operation,and relates particu-

larly to under reamers for enlarging a well.
bore below the casing, and for usé in-combi- ..

ton G “% - Ing the cutters in expanded position; . - -
. Fig. 8 is.a cross section on lines 8—3: of

nation with:a pilot:drill, =+ "~

< The invention'is characterl__ze'a by an ad—

justable movable internal core or mandrel-
-portion -acting:as an internal abutment be--

tween ‘the cutters, and acting as a wedge to
expand the cutters when-they move upwardly:

-with relation to the internal-core. - This char-

acteristic 'of invention may be applicable to

many:different forms'of expansible reamers-or .

underreamers, and consequently I do not wish
to be understood as limiting the invention to

the particular form of ‘underreamer which

- T havehere chosen asa typical embodiment of

20

- the type shown in the Phipps patent on well”

2

e

the invention: . However, my invention lends
itself very readily to:expansive reamers of

apparatus, No. 1,678,078, issued July 24,1928,
and therefore I :shall explain-the invention

as applied to that type of tool.. Expanding
reamers of that type involve a central:man-..
drel ‘or. abutment core ‘hetween:the: cutters; -
the ‘cutters being movable vertically with -

~ reference to the central-mandrel or core; and

30

85:

the tool being so. shaped that: by wedging -
~action, ‘the’ cutters: move outwardly “when

they-are'moved upwardly.. . ¢

~Asapplied to.that ~'partic1ﬂ-df:'fy\pé" of eX-
~.’pansive teol, my invention involves not only

relatively longitudinal movement and wedge

action between the cutters.and-core for ex-
" panding: the.former, but also: longitudinal

- ‘adjustment of ‘the wedge shaped mandrel
- portion:or core-for-the purpose of taking up

40

- any: looseness. orwear ‘and thus keeping: the

cutter tightly held at all times. Preferably

 the.adjustment of the.core:is antomatic ‘and
by springactiuation. s
- .:2The above characteristics of the invention;

90

as well as numerous additional fedtures and
“advantages. will-be understood most clearly
. from the following detailed description:of
- preferred :and. typical ‘embodiments of ‘the"
© . invention, ¥éference being had to the'accom:

© panying drawings, in.which: -~ . o

OMPTON, CALIFORNTIA,

- UNDERREAMER = -

2yand
- -Fig. bis

Fig. 1.is a central lqn’gitudindi sectlonof :

- 'LOS ANGELES, CALIFORNIA - ' .

' Application filed February 12, 1920. Serial No. 230,295, - -

Fig. 215 a view

Fig: 1; -

'ASSIGNOR TO JOHN.GRANT, oF .

- an underreamer in-accordance with the pres- @
ent:invention, the cutter being shown in con='
tracted. position, and -a drill being attached-

tothereamer;- "0 oo o T oS

similar to Fig. 1 but show- g T

- Fig. 4_i‘sa;cr('>js_~s?se¢ﬁ_ioh¥ Onllne4—4:0f Flg T

actuating means. |-

invention the body of the tool is relatively:

ok 4 view generallys1m11artoF1g f
2 but ‘showing . variational form-of cutter

Altheugh in the ’pfe‘éen'i“, embodlment ofthe S
85 o
stationary, and the cutters are movable longi- '

60 .

tudinally: relatively: to the body-and cutter

expanding ‘wedge, it will be- apparent that =~
 this may not necessarily be the case insofar
-as the relative movéments of the wedge and’
cutter is concerned, for the expanding action -
-of the cutter is dependent upon relative moves .
‘ment between the cutter and wedge core and ~
‘not.between the core and body. - Therefore,
-1n its broader aspects, the invention relates.

to:tools of this character. wherein the .de-: -

scribed relative movements between the cut:
‘ters takes place, irrespective of the relative

body movement.. |

~iIn'the drav&ings,{'the’rea;ﬁer gehéi'ét-ll'yf iﬁd‘i- :

cated at 10, is shown attached to the pilot drill - =
bit 11, the bit pin 110 being threaded into the - -

“lower reduced portion 124 of the reamer bar- =

rel 12, A-mandrel 18 extends centrally with-
in ‘the body, the enlarged head 13z of ‘the

mandrel being thréaded-at 14 into the upper - :

“end ‘of the-bodv, the mandrel in ‘turn being =

joined to the drill pipe collar1s; The reduced

-portions 135, 18¢, 134, of the mandrel depend -
-within the'body from the head portion 13a,

the lower end of the mandrel being spaced at’

16 a suitable distance from the bit pin a. =~ =
A fluid passage 17, communicating ‘with the

drill ~pipe -interior; extends ' continuously .-

through the mandrel to open into-space 16, 9

and a.comparatively smaller passage 18 ex-
tends within the drill'and servesto dlschar_ge;

- fluid from space 16 through thebit, .-~ . .
= Cutter: slots- 20, three being -shown, ‘are:

- formed longitudinally in the barrel, the slots <100 g

7,5‘_' e
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around the sides of the cutter.

being arranged symmetrically about the man-
drel. The slots carry the radially and longi-
tudinally movable cutters 21, the increased
length of the slots being that necessary. to
permit the desired longitudinal movement of
the cutter. It will be noted that the sides of
the cutters bear flatly at 22 against the sides
of the slots, this being desired in order to pro-
vide maximum lateral backing for the cutter
within the body and to prevent the entrance
of well liquid to the interior of the reamer
The cutters
are here shown in the form of blade cutters
having vertical cutting edges 24, and recesses
on their faces at 23, but it will be understood
that the cutters may be made in any form de-
sired. The cutters have the inner inclined

wedge faces 26 and are adapted to provide the

longitudinally extending flanges 210 adapted
to-bear against the inclined portion 27 of the
inner body wall when the cutters are in the
positions Indicated at Fig. 2. The flanged
portions obviously limit the outward move-
ment of the cutters and prevent their removal

- outward through the slot. o
The cutters are caused to move radially out-

ward to expanded position by virtue of their
upward movement relative to the downward-
1y tapered mandrel element or wedge core 30,
the latter being slidably mounted on the man-
drel and adapted to bear against the inner
wedge faces 26 of the cutters at all times.
Spring 81 is interposed between the wedge
core and the mandrel shoulder 32 and serves
to urge the core into engagement with the

cutters at all positions thereof. Thus the core.

may be considered as being vertically and

_automatically ‘adjustable to compensate for

490

60

Feld

wear of the engaging wedge surfaces, and to
assure proper expansion of the cutters even
after the engaging surfaces have -become
severely worn. It is desirable that the wedge
faces of the core be shaped to enable the inner
ends of the cutter to bear substantially flatly
thereagainst, and yet preclude the possibility

of the core turning within the body so as-to-

bring the wedge surfaces of thé cutter and
core out of register. - Accordingly, I have
formed rectangular slots in one, adapted to
take similarly shaped projections ‘on the
other, and-although it 1s immaterial upon
which the projections-and grooves are formed,
T have, in the present instance, provided
grooves 33 in the cutter to take projections
30a extending longitudinally on the core.” In
the drawings, one of the -cutters has been
omitted to illustrate the core projections more
clearly. : L .

Tt will be noted that during the movement
of the cutter between the positions shown, no
appreciable vertical movement of the core on
the mandrel takes place. That thisis actnally
the case will be apparent in that substantial
upward movement of the core is prevented

€% by spring 81, and since the inclined portion

1,878,260

97 of the inner wall surface and the engaging
wedge faces of both the cutters and the core
extending parallel in all positions of the cut-
ters, it is evident that downward movement
of the core cannot take place upon either up-
ward or downward movement of the cutters.
Insofar as the wedge action between the cut-
ters and core is concerned, it will readily be
seen that the mandrel serves mainly as a
mounting and guide for the core. Preferably,

-the mandrel takes substantially no stress im-

parted to the wedge core by the cutters, and
it may be desirable for the core to more or
less loosely fit: the mandrel in order that
forces may be transmitted between cutters
directly through the wedge without impos-

ing strain on the mandrel. Insofar as the

expansion and contraction actions of the cut-
ters is concerned, the mandrel part 13¢ might
be eliminated, but it serves very readily as a
guide for the wedge 31, and also.as a. circula-
tion duct to carry the circulation fluid longi-
tudinally through the tool. : :
It may be stated that the angle of the
wedge core 30 should be sufficient to give the
desired cutter expansion upon upward move-
ment of ‘the cutter within reasonable limits,
and that the wedge angle should be suffi-
ciently large that there is no marked ten-
dency of the cutters to move upwardly and
wedge automatically by reason of their fric-
tional engagement with the well casing as
the tool is lowered. The wedge angle may
be. varied, and can be increased over that

shown, to take care of any tendency of the 2

cutters to wedge in the pipe or hole. It will
be noted, however, that since the wedge is
pressed downward by spring 31, the spring
preferably being strong, the wedge first
clamps the cutter by wedging action between
the wedge and body wall, this being an effec-
tive deterrent in preventing the cutters from
moving up and wedging outwardly.

In order to prevent the entrance of well
fluid to the tube through the upper portions
of the slot when the cutters are in contracted
positions, I have provided a protector sleeve
35, the lower edge of which rests flatly on
the tops of the cutters. The upper and outer

cylindrical surface 350 of the sleeve has a *

snug sliding fit within the upper cylindrical
portion 27a of the body bore, the inclined
surface 86a- of the sleeve being adapted to
snugly fit the inclined bore wall 27 when the
parts are in the position shown in Fig. 1. The
sleeve is caused to seat firmly on the cutter by
means of arelatively weak spring 38 seated in
an annular recess 850 within the sleeve and
bearing upwardly against the mandrel head.
Thus the protector sleeve follows the cutters
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through their vertical movement and pre- .
vents the entrance of fluid carrying abrasive -

particles that would cause undue wear on

the interior parts of the tool. Thisfeaturein-

volyving the use of the protector sleeve, how-

130



~ ever, is mot my invention; but-is included

. +The ‘body ‘bore "portio‘n,s”:Q% b, below ‘the

1,878,260

under the subject-matter of a copending ap-

Ser. No. 260,713, filed Mar. 10, 1928, = .

~ inclined surface: 27, is cylindrically shaped
-and ' provides a ‘plunger chamber to contain
. the plunger 40 and the propeller ‘41.. The.

10

propeller 41 has a plunger fit with the cham-
ber wall 270 and is adapted to slide longi-

~ tudinally along the mandrel portion 18¢-and
“to engage the lower ends of the cutter:to
~move them upwardly within the slots”and

20

25
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i into wedging engagement with the core. Tt

will ‘be noted: when-the cutters are in ex-
panded.- position; - the :propeller  effectively

‘prevents the entrance of large solid parti-
cles from the well to the tool intérior.  Plung-

“er 40 is adapted to slide along the tool in-

terior. Plunger 40 is adapted. to slide-along

the Jowermost portion-18d: of the mandrel,”

the -plunger ‘being provided:- with suitable
packing or rings-40a t6 prevent:the escape;
around the plunger, of actuating fluid de-
livered to chamber C through the mandrel.

Fluid passages 42 are formed in the body.

and extend from intermediate points in the
sides- of the plunger: chamber wall “to the

L lower inclined ends 20a. of ‘the body slots,

the: purpose of these passages being to’dis-

- charge a certain amount of circulating fluid

.35

into the working region ‘of the’cutters dur-_
ing reaming operations. -As shown-in Fig.
-2, ‘passages 42 open into the: plunger: cham-

ber “to_be-uncovered by ‘the ‘plunger- only

- when the- latter is:in.its upper position and

40
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-drel bore 17,77 L
' Inthe embodiment of : ;
_in Figs. 1 and 2,-the plunger and cutter pro-
peller are actuated by fluid pressure in cham-

45

the cutters are expanded.” The combined

-cross section ‘area of these passages is, as.

will be seen, less than the area of-the: man-
‘my invention shown
ber C, and in'this regard:it will be noted

that fluid passage 18 in the drill bit is com-
paratively: smaller- than the’ mandrel bore

- 17.. The relative sizes of these passiges are
~ such-that upon discharge. of fluid. through

‘the mandrel, the restriction to flow: offered
. by passage 18 is such'as to cause the pres:’
-sure to be built up in chamber €, and this-
- pressure -being sufficient to move plunger 40:

upward and to-hold the cutters in expanded

‘position.  When the plunger raises to un--

-cover-the fluid passages 42, circulating flnid

. passages’ are of stuch size as to-restrict the

flow" from: chamber C-sufliciently to retain
suitable pressure on: the:lower -end “of the

~ plunger, this'‘pressure . being. sufficient to

maintain the . cutters.in expanded ‘position.

During the lowering, of the tool assembly:

through the casing (not-shown) the cutters

s : 12 “ered to the working region below the casing,
plication’by John Granton protected reamer, -

-and operation ig started. - And as previously
- mentioned, during operation the circulating
-fluid is discharged at the working regions of
‘the cutters and the drill bit through passages

readily within the casing. . =~

“latter.is assured should the fluid pressiire be

~deésired ‘circulation,” = -

providefor taking the spring 46, the spring

ficient' to hold "the “¢utters expanded, and: 0~
therefore the ‘cutters are positioned regards - =~ °
“less of the fluid pressure. In:thig form, pasgs oL

-sages 42-are covered by the propeller when =

‘into the chamber from the mandre} against
_ irculating ~the cutters, and circulation to.the bit takes
-is ‘discharged  below the :cutters, but thése"

a,ctué‘,fé:thé_plvungexf,?;Whéxi*the-fdol‘is‘163#-’3:' e
however, the ' actuating fluid  is - pumpecl,'. e
through the mandrel -to expand. the:cutters, ~ -

42'and 18, respectively. - To remove the-tool |
from: the well, pumping of the circulating

cutters permitted to lower to contracted posi=-

tion either by virtue of their:own weight or:- . - o
by ‘engagement with ‘the lower end of the
.casing shoe, the upper corners of the-cutter

being rotinded at 21¢ to ‘enable them to slip .-

. The form-of the mvention “shéiwﬂl"in Fig."

bis fgener‘ally'«Simﬂarit(')"the'pi‘eyiQHSIy,de—l s
scribed embodiment, but - differs somewhat

8
with respect to the cutter actuating mears.

More 'specifically, in this embodiment, -the
‘operation of the tool insofar asactusting the ' -

cutters i concerned, is not dependent upon- .«
fluid. pressure;-and although fiuid is ‘intro-
duced to the tool as in the previous: instance

~and the fluid pressure; in ifself; may be suf- = =

ficient to actuate the cutters, operation of the .

no more: than that” necessary to effect ‘the
In Fig. 5, the lower porti:oh-‘ﬂle of i::hej "
body 12 preferably is elongated somewhat to.

being ‘confined between the annular ‘body:

being ‘dispensed  with. - Normally, the cut- -
ters are held in:their upper expanded. posi--

tion due to the action of spring 46, the spring 108

‘providing an upward thrust on the propeller . =

in-addition to'the fluid pressure on'its lower -

“face.. The spring is o1 such strength, how- = .-

ever, that its upward thrust'is, in itself, suf- -

tlie cutters are contracted, and are brought
into :comimunication with ‘the': cytindrical 149
chamber C’ when the:parts are in the posiz -
tion’ shown. “ As.in the “previois :instance; .
passages 42 serve to direct:flnid discharged

[y

Yd

place through: passage 18. - Obviously it is

‘necessary to contract the cutters when  the
_toolis inserted for lowering within the cas-
~ing, the cutters hearing against. the casing
.while the reamer 'is being lowered ‘there- .
_through. * When- the-tool passes. the lower - .

end of the casing, the: cutters-of course are .

:released to-move to:their: expanded: position.
are in the contracted position of ‘Figi 1, no
fluid ‘being pumped through the mandrel: to

“The form of tGol shown in Fig. 5 is also =

adapted to another-condition of use in which 130 £h

R

- fluid through. the mandrel is stopped and the = =

8O

90
95 -

00 -
shoulder 47 and the propeller plunger 45, = =
_plunger 40 in the previously described type

oo
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20 .

150
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it may not be desired to impart a strong posi-

‘tive thrust against the propeller to:expand

the cutters, but to cause their expansicn at
the working region by virtue of their engage-
ment with a barrier or a shoulder formed in
the well bore at the top of the underreamed
portion. ¥nder these conditions relative ver-
tical movement of the cutters is caused by
their being retarded by the bore restriction
or shoulder, while the body of the tool and
the wedge core move downward, the latter
serving to expand the cutters. In this case
spring 46 would not serve to expand the cut-
ters as in the previous case, but merely to
support the propeller beneath the cutters to
prevent the entrance of well fluid to chamber

C’. Also spring 31 would be tensioned so as
not to cause the cutters to expand, but only
- _to compensate for wear on the

cutters as in
the previous instance. _—
Iclaim: ' L
1. An underreamer having a vertical tubu-
lar slotted body, a central mandrel extend-
ing vertically through the longitudinal bore
of the body, a cutter movable radially and
longitudinally in the body slot, a wedge core
mounted on said mandrel and adapted to
yieldably engage the cutter, said core being
substantially vertically ~stationary on the

» mandrel, and ‘means for moving the cutter

longitudinally against said core to cause the
cutter to move radially in the slot.

9. An underreamer having a vertical tubu-
lar slotted body, a central mandrel extending

% vertically through the longitudinal bore of

the body, a cutter movable radially and lon-
gitudinally in the bedy slot, a vertically ad-

* justable core mounted on said mandrel and

40

adapted to engage the cutter, means on said
core and cutter preventing their relative lat-
eral movement, said means embodying a pro-
jection on one adapted to extend within a re-
cess in the other, and means for moving the
cutter longitudinally against the core.

3. An underreamer having a vertical tubu-

ar slotted body, a central mandrel extending

vertically through the longitudinal bore of

_ the body, a cutter movable radially and lon-

gitudinally in the body slot,said cutter having
an inner inclined wedge face, a downwardly

~tapered wedge core slidably mounted on said

Gy

mandrel and adapted to engage said wedge
face of the cutter, ylelding ineans urging said
wedge core-downwardly to engage the cut-

ters, a propeller on the mandrel below the:

core and adapted to- engage the lower end
of the cutter, and means for moving said pro-
peller upward to bring said cutter into wedg-
ing engagement with the core. o

4. An underreamer having a vertical tubu-

lar slotted body, a central tubular mandrel

extending vertically through the longitudi-
nal bore of the body, a cutter adapted to
move radially and longitudinally in the body
slot, a vertically -adjustable wedge core

1,878,260

mounted on the mandrel and adapted to en-
gage the cutter, said core normally being
substantially - vertically stationary on the
mandrel,-and means for moving said cutter
upwardly against the core by virtue of fluid
pressure directed through the mandrel. =

5. An underreamer having a vertical tubu-
lar slotted body, a central tubular mandrel
extending vertically through the longitudinal
bore of the body, a- cutter adapted to move
radially and longitudinally in the body slot;
a vertically adjustable wedge.core mounted
on the mandrel and adapted to engage the
cutter, said core normally being substantially
vertically stationary on the mandrel, means
preventing relative lateral movement between
the core and cutter, and means for moving
said cutter upwardly against the core by vir-
tue of fluid pressure directed through the
mandrel. el : :

6. In.an underreamer, a vertical tubular
slotted body, a eentral tubular mandrel ex-
tending vertically through the longitudinal
bore of the body and adapted to discharge
fluid. into the lower end thereof, a cutter
adapted to move radially and longitudinally
in the' body slot, a vertically adjustable wedge
core mounted on the mandrel and adapted to
engage the cutter, a tubular propeller slid-
ably mounted on ‘the mandrel below said
wedge and. adapted to engage the lower end

of the cutter, a plunger slidably mounted on

the mandrel below said propeller, and a fluid
outlet in the mandrel below the plunger, said
plunger being adapted to be forced upwardly
by fluid pressure and to actuate said cutter
through the propeller. e )
7. In an underreamer, a vertical tubular
slotted body, a. central tubular mandrel ex-
tending vertically through the longitudinal
bore of the body and adapted to- discharge
fluid into the lower end thereof, a cutter mov-
able radially and longitudinally in the body
slot, a vertically adjustable  wedge core
mounted on the mandrel and adapted to en-
gage the cutter, a plunger slidably mounted
on the mandrel below said core, a compara-
tively large fluid outlet in the mandrel below
the plunger, and a comparatively small fluid
discharge opening through the barrel below
said plunger, the plunger being forced up-
wardly to actuate the cutter by fluid pressure
developed by virtue of the differential in size
between said fluid outlet and the discharge
opening. : : -
8. In an underreamer, a vertical tubular
slotted body, a central tubular mandrel ex-
tending vertically through the longitudinal
bore of ‘the body and adapted to discharge
fluid into a plunger chamber in the lower end
thereof, a cutter movable radially and longi-
tudinally in-the body slot, a vertically ad-
justabe wedge core mounted on the mandrel
and adapted to engage the cutter, a vertically
movable plunger on:the mandrel below the
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. 1,878260

core and in'said chamber, a Tiquid outlet in
~ the mandrel below the plunger, said plunger
being adapted to be forced upwardly by fluid-

- pressure to actuate the cutter, and -a fluid

passage throiugh the body wall and adapted:
todirect fluid from said chamber to the work- -

ing region of the cutters, said passage being

. In communication -with the chamber when

10

o . the plunger is in its upper position.
* 9. In an underreamer, the combination of -
a vertical tubular slotted body, a tool thread- .

- ed into the lower end of said body, d central

15

tubular mandrel extending vertically through

- the longitudinal bore of the body and termi-
“nating abovethe lower end thereof, a plunger

chamber in the lower portion of the barrel

-and about the lower end of the mandrel; a

- ‘cutter movable radially and longitudinally in

~the body slot, a wedge core mounted on the
mandrel and adapted - to yieldably engage.
- the “cutter, a vertically: movable plunger
~mounted on the mandrel below said core and
within said chamber; a-comparatively large.
opening in the mandrel fordischarging fluid .
through: the ‘mandrel into said chamber -be-"

20

26

30

low the plunger; and a comparatively small

-discharge opening in'said tool for-conducting
~fluid from the chamber, said plunger being

actuated by fluid pressure developed by vir--
‘tue of the differential in:size between said-

openings. - :
10. In a reamer h ;
a longitudinally slotted tubular body, cutters

- movable radially and longitudinally“in the

35

‘body slots, a vertically adjustable wedge core

- within said body and adapted to engage the

40

45

- _cutters, means for effecting relative Jongi-
tudinal movement between the core and cut- -
-ters to cause the latter to move radially in the

slots, and a vertically movable sleeve within

_ the barrel and resting at its lower end on the
upper ends of the cutters, said sleeve being.
~adapted to-close the upper' ends. of the slots
-when the cutters are in their lower positions. -
11. Anunderreamer having a vertical tubu-:
lar slotted body, a.central mandrel extending

“vertically through the longitudinal bore of

- the body, a cutter movable radially and longi-

- tudinally in the body slot, said cutter having
‘an-inner inclined wedge face, a downwardly. R
“tapered wedge core slidably mounted on said -

50
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longitudinal direction. " ..

of the character deseribed,

Jupwardly,

ter in-one longitudinal direction causes trans- =

verse movement of the cutter, meansto-move -

the cutter longitudinally in said direction, g
and means to move the wedge in the opposite 7 oo

+13. In an. underreamer, a. body,f:‘ a cutter s

hind the cutter, the cutter and wedge being

movable longitudinally and transversely with- -~~~ = -
relation to the body, a longitudinally mov-. - -~ - ~
‘able cutter spreading wedge in the body be- =~ . " .

formed so that relative movement of the cut-:

.ter in‘one longitudinal direction causes trans--

verse movement of the cutter, fluid-pressure -

-actuated means ‘to move the cutter longi-
tudinally in said direction, and:spring means
nal direction.
diagonal cutter guide, a-cutter movable along:
said guide, a longitudinally: movable cutter’
spreading wedge in the body behind: the cut-

80 X - L
to move the wedge in the opposite longitudi- . .~

- 14, In an underreamer, a body having a- =

&

ter and having a’ wedge face:substantially - -

larger end of the wedge, and means to move

therein, a vertically movable cutter spreading

down behind the

cutter to take up looseness

-between the wedge, cutter and body.~ ..

16. In an underreamer, a vertical body, a

parallel to the diagonal cutter guide, meansto. =
move the cutter longitudinally. toward the = . = -
80 EPR
the wedge longitudinally in the opposite di- < .-~
srection. - f L e e B
underreamer, a vertical body, a - .
cutter movable vertically and-transversely: = = .
95
~wedge in the body behind.the cutter and "
‘adapted to cause outward expansive move- " . .
.ment of the cutter when the cutter is moved = @
~upwardly, means to move the cutter up onthe =
wedge, and ‘means for pressing the wedge 100

cutter movable vertically and transversely

wedge: in the body. behind the ‘cutter ‘and

“therein, a vertically yielding cutter spreading 105 -

adapted to- cause outward expansive move-'

ment of the cutter when the cutter is moved .

move it upwardly.. . oo
In witness that I claim the foregoing I

‘have hereunto subscribed my name this 2day -

of I eb’rue@ry, 1929.

mandrel and adapted to engage said wedge = . L

~face of the cutter, yielding means urging said = . -
wedge. core downwardly-to engage the cut- - - . .

ters, means for moving said propeller upward = . - " o
- to bring said cutter info.wedging engagement " - i

with the core; said body having inclined cut- - " s S
ter engaging surfaces parallel with thewedge - - .-

face of said wedge core.

~12.-In an underreamer, a

body, a éutt‘er'» et
-movable longitudinally and transversely with' -

- relation to the body, a longitudinally:- mov- "

- hind the cutter, the cutter and wedge being . o
-formed so that relative movement of the cu b

65

able cutter spreading wedge in ‘the body be-

ind means acting on the cutter to. - - = =
i SOMe

Cow




