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UNITED STATES
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PATENT OFFICE

WILLARD N. PACKER, OF SAN PEDRO, CALIFORNIA, ASSIGNOR TO JOHN GRANT‘, OF LOS
~ ANGELES, CALIFORNIA - :

EXPANSIVE UNDERREAMER

Applicétion filed October 8; 1928. Serial No. 310 961.

This invention has reference to the art of
rotary under-reaming in wells and the art of
expansive reaming tools; and the general ob-
ject of the invention is the provision of a

* simple, reliable, and rugged form of under-

reamer or expansive reamer.

The difficulties encountered in practical
operation of rota‘ry underreamers are many.
The tool must not only be capable of efficient

* reaming action, but must be dependable to

the pomt of 111fa111b111ty and must be rugged
The space in which the tool
must work is-severely limited, especially in
the smaller sizes of drill holes;.and a large

majority of rotary underreamers which have

,Leen proposed or designed in the past have

failed for various reasons but perhaps chiefly
because of complications of parts and struc-
tures, which complications and multiplicity
of parts inevitably leads to smallness and
weakness of parts.

It is an object of this invention to provide

a design of underreamer of a type expanded

by relative rotation and which 1s very simple
and is composed of relatively large strong
paris, with cutting elements strongly sup-
ported ; and these objocts are, speaking gen-

erally, accomplished in my invention by the

provision and use of cutters or cutter carriers
which, extending in a general longitudinal

or vertical dir ectlon are t11t1n01y mounted at -

one end, as their 1 1ower ends, and so mounted
at their upper ends that tilting movement of
the cutfer or cutter carrier causes the upper
end tc move outwar dly to an expanded and
operative position. In the designs herein-
after described the ultimate cutting element
is shown in the form of a cutting voller sur-
rounding a cutter-carrying pin or mandrel;
and althouﬂh this at present is the preferred
specific des*on and embodiment of the in-

vention, it will be recognized that the specific

form of the ultimate cuttmo element is not
necessarily a restriction upon the invention
in its broader aspects.

Other objects and corresponding accom-
plishments of the invention will appear from
the following detailed specification describ-
ing the pr efened and illustrative forms and

embodiments of the invention, and for this.

- purpose reference is had to the accompany-

ing drawings in which:
fig. 1.is a side elevation of one form of my

improved reamer showing the cutting ele-
ments in their collapsed or lnoperatlve pOSI-
tion.

Fig. 2is a fraomentary side elevation and
vertical section showing the cutters in their
expanded positions.

Fig. 8is a cross sectlon on line 3—3 of
Fig. 1.

Fig. 4 is a cross section on line 4—4 of
Fig. 1.

I'ig. 5 is a cross section on line 5—5 of
Fig. 9.

Fig. 6 is a side elevation of another form

in coHapswq position;

Fig.7isa fravmentmy side elevation with
parts in section showing the same reamer in
1ts expanded position.

Fig. 8 is a cross section on line 8—8 of
Yig. 7.

fig. 9 is a side elevation of another form
of the reamer.

Fig. 10 is a fragmentary side e‘evatlons-

showmg the reamer of Fig. 9 in expanded
position.
Fig. 11 is a cross sec’umt1 on hne 11—11 of

 Fig. 10 )
Elgs 12 and 138 are.cross sectlons on lines -

1212 and 18—18, respectively of Fig. 9.
Referring first to i igures 1 to 8, “the nu-
meral 10 desw"mtes a suitable body p1 ovided
atits upper end with the usual tool joint pin1l
for connection with a rotary drilling string;
and at its lower end with the usual tool joint
box 12 for connection with a-drilling bit 13.
The body, in the design herein shown, com-

prises an upper enlarged portion or head 14
and a lower enlarged portlon or head 15, and °©

an 1ntermed1a e reduced part 16 which is

here shown as triangular in cross section: the.
bor) )

reamer being here illustrated as having three
cutting elements, although any suitable num-

ber of cut tting elements’ may, of course, be-

used. The lower head 15 is provided with a

plurality of bosses 20 which form the sup-.

ports for the lower end of the cutter mandrel
pins 21. These mandrel pins are so support-

ed at their lower ends that they may swing '™
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“eutters.
“striking the casing or shoe:causes-the cutters
1o be:moved backto their contracted pesitions
sand the tool may then be withdrawn through
‘the casing.

2

or tilt on their lower ends; and for that pur-
pose the simple design shown in the drawings
involves a vertically extending pin-receiving
aperture 22 which extends down into the boss
20, the lower end of pin 21 extending down
into this aperture and being held loosely in
place by a transverse dowel pin 23 which is
driven tightly through the boss 20. Aper-
tures 22 are elongated, see Fig. 3, to allow the
tilting motion of mandrel pins 21. The up-

per end surface of boss 20 is cylindrie, to pro-

vide the cylindric bearing surface 24 prefera-
bly concentric with the rounded lower end of

pin 21, as shown in the drawings. - The axis-

of this cylindric bearing surface is, in the
specific design herein shown, radial to the
center of the whole tool, thataxis being rep-
resented by the broken line indicated at A in

-Figures 3-and 8. ‘On this cylindric bearing
-surface is a bearing washer 25 which has a

correspondingly cylindric under surface; and
the lower end of the roller cutter 26 rests and
‘bears-upon the flat upper surface of this bear-
ing washer 25. - The construction is such as
‘togive a good tiltinig bearing for the lower
end of the cutter element to tilt or swing

-about the horizontal :axis AZ, also a:good end

thrust bearing for the cutter rollers 26.
The upper ends of the roller cutters26 ex-
tend substantially to the under face of the
uapper body head 14, and the upper ends of
mandrel pins 21 extend on up so that they pro-
ject into'slots 27 which are formed in theunder
tace of head 14. These slots 27 are arranged,
in their longitudinal extent, at right angles-to
the axis A about which the cutter elements
tilt or swing at their lower ends; and,’by the
apper ends ‘of the -cutter elements swinging
from the vertical positions shown in Figure

6 to the tilied positions shown in Figure 9,

the upper ends are moved:-outward from the
center of the tool and the cutters are thus-ex-
‘panded. In thusmovingtotheir tilted posi-
tions, the upper ends of the cutters not-only
move ‘outwardly, but also move circumferen-
tially of:the tool; theymay be said-to move in
a tangential direction. And thus imoving

tangentially, right-handed rotation of the

body causesthe upper-ends of the cutters to

‘move not centrifugally and, coming into con-
‘tact with'the 'wall of the'hole, the drag on the
‘cutters then drags them out totheir fully ex-
ipanded positions. ‘When it is desired to.con-
tractthe cutters they may be contracted mere-
1y by pulling them up against the lower end
‘ofthe casing.
‘the tool is rotating or when the tool is-rota-
stively “still. It ‘is not necessary -to revolve

This may be done-eithér while

baekWar‘dly

(left-handedly) to collapse the
T

he "upper -beveled surfaces 26¢

At the upper ends of the roller cutters up-

1,889,771

thrust bearing washers 260 ave provided. The
rollers 26 thrust up against the washers; and
the washers thrust up against the up-thrust
bearing faces 14¢ which lie around the slots
27 and are preferably curved and concentric,
or substantially so, with the centers of tilt-
ing at the lower ends of the cutter elements.
The washers, however, do not rotate with the
cutters 26; they have lugs 26¢ which project
into the slots 27 and thus prevent the washers
from rotaiing. The rotary bearing faces for
up-thrust are thus at the lower faces of
washers 26075 just as the down-thrust rotary
bearing faces for the rollers 26 are at the up-
per Tace of washers 25. Thus, grease or other
lubricant packed into the roiler cavities 264
will work out between the end-thrust votary
bearing faces, keeping them lubricated and
preventing-entry of mud ete. to all the bear-
ing surfaces-of the rollers.

The description so far given -applies to
both forms shown in Figures 1 to 8, inclusive,
both forms being fundamentally similar. In
the form shown in Figures 6 and 7, the body
is-designed as one integral piece and the cut-
ter pins 21 are removed by removing the
dowel pins 23 and then moving the cutter
ppins upwardly through the openings 80
which extend through the upper head 14. In
the form of Figures 1 and 2 the mandrel pins

-are removed upwardly through recesses 30a

which -are positioned over the mandrel pins

-and communicate with the annular recess

306 -into which the mandrel pins project.
'The recess 306 accommodates-the cutter con-
tacting fingers which will be explained; and
this recess is formed in the lower and the up-
per head part 14d. In-order conveniently to
form this recess the tool body is made in two
parts, joined by the tool joint 81, the surface

-of juncture S dividing the upper head 14.as-

shown in Figs. 1 and 2. The recess 300 1is
shown asformed in the upper part 14d; and

‘the slots 27 are formed in the lower part 1de,

of'the upper head 14.

In the form of Figures 1 to 5 special mem-
‘bers are provided for facilitating coritraction
of the-cutters by pulling the tool up into the
Jower end.of the casing. The upper ends of

the mandre] pins 21 play in the tangential

slots. 27 -as beéfore described, and the motion
for contraction.and expansion is-the'same as

-before described. . But in the upper head 14

there are three piveted fingers 35, one for

-each cutter, and each of these fingers is pro-

vided with a lug 86 having at its'outer.edge

-an inclined face which, upon being pulled up

against the lower end of the casing, causes

:the fingers'to be pressed inwardly. The ex-
panded position of the partsisshown in Fig-
~ure-8-and it will be apparent how-the inward
‘swinging ‘movement of the fingers-85- causes

movement of the upper ends of -the cutter

-elements to 'their collapsed .positions, the

parts moving to the positions shown in Fig-
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‘ure 4. In the collapsed positions the upper

ends of the cutter pins 21 have left the notches
85¢ in-the outer ends of the fingers, but the
arrangement is such that.outward expansive
movement of the pins 21 from the positions
of Figure 4 toward the position of Figure 5
will swing the fingers 85 around toward their
expanded positions and the upper ends of the
mandrel pins enter the finger notches. These
finger notches, and the other details of design
of the collapsing fingers are, of course, not

specifically necessary to the operation of the .

device; it being only necessary that the piv-
oted fingers contact with the upper ends of
the mandrel pins so that inward swinging
movement of the fingers will cause collapsing
movement of the mandrel pin. But the pin
receiving notches in the outer swinging ends
of the fingers provides a simple and effective
means for limiting the outward swinging
movements of the fingers, without the neces-
sity of providing special stops for the fingers
on the body. S ‘

The body, in the form which has been de-
scribed is provided with the usual longitudi-
nal watercourse 40 extending through it to
feed circulating fluid to the water-course 13¢
of the drill bit below. - Also, if desired, holes
40a may be drilled in the upper part of the
body (see particularly Figures 2 and 8) for
directing a certain amount of water or cir-
culating fluid outwardly against the cutters
96. The bosses 20 may be provided with slots
or openings 20¢ which lead from the pin-re-
ceiving apertures 22; so as to facilitate lifting

the mandrel pins for removal and so as to~

allow circulation of fluid through the aper-

tures 22 and around the lower ends of man--

drel pin 21, to make those parts self-cleaning.
And, if desired, circulation holes may also
be provided, as shown at 22¢ in Figure 3,
leading from the passage 40 to each of the
boss apertures 22, to provide positive circu-
lation through the aperture 22 and around
the lower ends of pins 21.

In Figures 9 to 13 a somewhat modified
structure is illustrated, involving the same
principles of design and operation, as here-
inbefore described, but showing a different
detail of structure and assembly. Here
the body 10 is also made preferably in one
integral plece with an upper enlarged part
or head 14a in which are provided the tan-
gential slots 27a. The reamer here is shown
as having four cutter elements and the cen-
tral portion 16a of the body is therefore
shown as square in cross-section. The lower
ends of the cutter. mandrel pins 21e¢ are
mounted on hubs 210 which swing on the
radial pivot pins 50. These hubs 215, and
the lower ends of the mandrel pins, are held

inwardly by a confining ring 51 which en-.

circles the hubs 215, fits over the outer ends
of the pivot pins 50, and thus strengthens the
whole structure and prevents outward move-

3

ment of the hubs 215. This encircling ring
51 may be made in any suitable form; and is
shown here as being formed in halves and

“bolted together as at 52. The up-thrust of.

the cutters is taken in the same manner as

before described—through bearing washers

26h which bear against the thrust surfaces
o) .

14ec.

70

The mandrel piné 21a, and the roller cut-. .

ters 26 thereon swing on the horizontal radial 7

axes of pivot pins 50; but the fit of the hubs -

215 on the pivot pins may be somewhat loose
5o as to allow the upper ends of the mandrel

pins a little loose play. Thus, with such. .

ioose play, it is not necessary that the slots
27e in the upper head 1de be made exactly
straight or exactly at right angles to the axes
of pins 50, and the slot 27e may also be pro-

80

vided with inwardly extending notches 270

at their outer ends, into.which notches the
upper ends of the mandrel pins 2le are
pressed back by the forces which tend to
press the cutter elements inwardly when the
tool is in operation. The notches thus oper-.
ate to prevent the mandrel pins and the cut-
ting elements from moving back to their col-
lapsed positions as long as the cutting ele-
ments are being pressed inwardly by pres-
sure against the wall of the hole. And the
somewhat inward curved formation of the
outer ends of the slots 27¢ may also have the
same general effect, as will readily be recog-

nized from an inspection of Figures 11 and

12, Generally speaking, either the curva-

ture of the slots or the provision of notches
at their outer ends, provides a slot which ex- -

tends generally tangentially or generally in
& direction substantially at right angles to

85

90

95

100

the swinging axis of the cutter, but at its out- .

er end extends somewhat inwardly of that

[
[
(31}

tangential direction (inwardly toward the

center of the tool). The outer ends of the
slot 27a are open so that when the mandrel
pins 21e are 1 substantially the expanded

“positions of Figure 11 they may be removed

directly outwardly from the slots 27a after
the encireling band 51 is taken off and the
lower hubs 210 are slipped outwardly on the
pivot pin 50. ’ : :

The cutting teeth on rollers 26 are of spiral
formation; they are here shown as a coarse
spiral V-shaped thread. Depending on the
pitch of the thread, whether right or left-
handed, the action of the cutter on the for-
mation tends to force the cutter endwise in
one direction or the other. For instance, in
the drawings; the threads being shown right-
handed and the tcol being normally rotated
right handed viewed from above, and con-
tact’ with the formation causing the roller
cutters to rotate left-handed viewed from
above; the cutters tend to screw themselves
up in the formation and the shearing action
of the spiral on the formation cuts the earth
downwardly. ‘
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This upward -pressure on the. cutters
throws them. up against their upper end
thrust bearings at the surfaces 14¢, and, by
creating friction at that point, tends to hold
the cutters in their expanded positions
against any accidental collapsing movement.

“On the other hand, if the tool be reversely
rotated to . collapse, the cutters then roll
right- handedly and tend to screw themselves
down onto the lower thrust bhearings at 215,

~relieving the friction at the top and makmc

15

- 20

Jower e

30

.85

40

i
ot

body, the cut

easy the. collapsing action.

Tt will thus be scen that the direction of
endwise movement of the cutters depends
upon two things; the direction of rotation of
the tool and the direction of pitch of the gpi-
ral tooth. Reversal of tool rotation reverses
the endwise thrust; and likewise reversal of
tooth piteh will reverse the thrust..

Iclaim: o

1. In an expansive reaming tool, a verti-

cally elongate body dapted to he rotated
about a central vert: Cal axis, a cutter element

mounted on the body and extending vertical-

1y , the lower end of the culter element being
mounted on the body for tilting about its
end, in a plane tangential of the body,
the cutter element being substantially im-
movable longitudinally of the body, and up-
thrust bearing means for the cutter element
including a downwardly facing thrust sur-
face on the body.

2. In an expansive reaming tool, a vertical-

ly elongate body adapted to be rotated about

a central vertical axis, a cutter element

,--Loau‘ced on the body and extending verti

cally, the lower end of the cutt er.elemﬂn’c be—

i_ng mounted on the body for tilting about

its lower end in a plane tangential of the
er element bomv substantially
immovable lonpltudmwlly of the body, and

upthrust bearmn means for the cutter .ele-

e

nt including a downwardly facing thrust
surface on the body, substantially concen-

tric about the lower end of the cuttﬂr ele-

ment,.

3. In an expansive reaming t0ol I, a verti-
eally elongate hody rotatable abo_u central
vertical axis, a vertically eht\,n'dino man-

drel pin, ax Lotmtzmle roller cutter surroundk

ing the ‘mandrel pin, the mandrel pm pro-
1ect1nfr above and below the upper and 1lower

ends respectively of the roller cutter, means
mounting the lower end e¢f the mandrel pin

on the body ly for swinging movement of the

~mandrel pin about its lower end as a center
““the upper part of the body having a slet ina

plane substan tial v tangential .to the body,
the upper end of the maundrel pin entering
d being guided by said slot, .and upthrmc;aL
earing means for the roller cutter including
a downwardly facing surface, on.the upper
part of the body. around the oulde slot and
above the upper end of the cutte

4. In an expansive reaming .to‘ol, a body,

1,839,771

a cutter carrying member mounted at one end
on the hody fo swing about an axis transverse
of the body, the body having a cyhndrlc‘d
bemrmg surface near and concentrlc with
said transverse axis, a bearing washer on the

cutter carrier and having a cyhndnc bearing
svrface contacting with the bearing surface
of the body, and a, cutter on the carrier rest-
ing upon the washer.

.5. In an expansive ruumn(r tool, a verti-
cally eloncra,te body rotatable about a central
vertical axis, a vermmlly extending mandrel
pin, means Toosel y connecting the Tower end
of the mandrel pin with the body to allow
ti’tino of the mandrel pin about the lower
end, a cylindric be@rmor surface on the body
substantially concentric with the lower end
of the mandrel pln, a Washer surroundmg the
mandrel pin and having a lower cylindric
bearing surface g daptea to hear upon the
cylmdrlc bearm’r surface of the body, and a
rotatable rotler cutter carrier upon the man-
drel pin and résting upon the upper surface
of the washer.

6. In an ex xpansive reaming tool, a ver-

tically clonoau body | rotntable about a cen-

tral vertic al axis, a cutter element extending
vertigally along Lhe exterior of the body and
mounted on the bods y at its lower end for
tilting movement, means in the body for gnid-

ng tle upper end of the cutter element in
such tilting movement, and 2 pivoted finger
mounted in the upper part of the body and
engaging the upper end.of the cutter element
‘md hcﬂ ing an outer dxaoo nal face _;pdapted
to be enoaged by the 1owe; end of a well cas-

ing whereby to move the finger and the up-

per end of the cutter e1ement mwardly.
7. In an expansive. reaming tool, a vertical-

iy elongate body rotatable about a central

vertical axis, a.cutter element extending ver-
tically ftlollo' the exterior of the bodv and
mounted -on the body at its lower end for
tilting movement, means in the body for
omdmg the uppﬂr end of -the cutter element
1n such tilking movement, and a horizontally
SWinging 1 pivoted finger mounted in the up-
per part of the boc&y and engaging the up-
er eénd of the cutter element and havmo an
outer diagonal face adapted to be eng aded by
the lower end of a Well casing Whoreby to
move the finger and the upper. end of the cut-
ter clement mwardly
8. In an expansive reaming tool, a verti-
cally alongate borly rotatable about a_central
vertical axis, a cutter carrying mandrel pin
extending vertically of the body and having

its ;loweP end mounted in the oody for t11t1no

motion, a cutter mounted on the m'mdrd
pin, means in the upper part of the body
guiding the upper end of the mandrel pln

in movement in a plane nonradial of the
‘body, and & member- movably mounted on

the body, having a casing contacting part
movahle substantlally rachally of the body,
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and engaging the mandrel pin to move it
non-radially.

9. In an expansive reaming tool, a verti-
cally elongate body rotatable about 2 central

5 verfical axis, a cutter element extending ver-
tically of the body and having its lower end
mounted in the body for tilting motion,
means in the upper part of the body guiding
the upper end of the cutter element, in move-

10 ment in a plane non-radial of the body, and
a member movably mounted on the body,
having a casing contacting part, movable
substantially radially of the body, and en-
gaging the cutter element to move it non-
15 padially.

10. Tn an expansive reaming tool, a verti-
cally elongate body rotatable about a cen-
tral vertical axis, a cutter element extending
vertically of the body and mounted thereon

20 to be movable non-radially with respect to
the body, and 2 member movably mounted
on the body, having a casing contacting part
movable substantially radially of the body,
and engaging the cutter element to move it

25 non-radially.

11. Tn an expansive reaming tool a verti-
cally elongate body rotatable about a central
vertical axis, a vertically extending cutter
carrying axis pin mounted in the body, a

30 yoller cutter mounted directly on said axis
pin to revolve thereon as a bearing, the body
having a slot extending transversely of the
body axis and substantially tangentially of
the body, and an end of the axis pin enter-

35 ing into and guided directly by said body
slot. ’

12. In a rotary expansive reaming tool, a

~ vertically elongate body adapted to be ro-
tated about a central vertical axis, a cutter

40 carrying mandrel pin extending vertically
of the body and mounted in the body for
tilting motion, a roller cutter on said mandrel
pin having end thrust support on the body,
and said roller cutter having a spiral cut-

45 ting tooth around its periphery.

13. In a rotary expansive reaming tool, a
vertically elongate body rotatable about a
central vertical axis, a cutter carrying man-
dre! pin extending vertically of the body and

50 having one end mounted in the body for tilt-
ing motion, a roller cutter on the mandrel
pin and having the end thrust support on
the body at the other end of the mandrel pin,
and said roller cutter having a spiral cutting

55 tooth around its periphery. .

Tn witness that I claim the foregoing 1
have hereunto subscribed my name this 16
day of August, 1928.

e WILLARD N. PACKER.



