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UNITED STATES PATENT OFFICE.

JOHN C. SWAN, OF MARIETTA, OHIO.

UNDERREAMER.

979,106.

To all whom it may concern:

Be it known that I, Jomx C. Swax, a
citizen of the United States, residing at
Marietta, in the county of Washington, State
of Ohio, have invented certain new and use-
ful Improvements in Underreamers, of which
the following is a description, reference
being had to the accompanying drawings,
forming a part hereof.

My invention relates to devices for ream-
ing out or enlarging well holes and particu-
larly to devices for such purpose adapted for
under reaming that is reaming out or en-
larging the well hole drilled below casing
in order to permit the casing to be lowered.
- My invention is an improvement on the
underreamer for which Ietters Patent No.
683,352 were issued to me September 24,
1901, and it consists in the construction and
combination of devices hereinafter described
and particularly pointed out in the claims.

In the underreamer of my patent referred
to the wedge on which the reaming bits cr
slips move from retracted position to ex-

¢ panded position is a straight wedge of uni-
.form taper throughout and the degree of

expansion given to the reaming bits or slips
is necessarily limited by the length of the
wedge and this in turn is necessarily lim-
ited by the distance through which the
spring for moving the reaming bits or slips
from contracted to expanded position can
be depended on for effective work, as well
as by the length of tool which is .found to

3 be suitable for practical use.

It 1s sometimes found desivable to en-
large the hole drilled below casing, for a por-
tion or all of its length. to a diameter greater

than that to which the reaming bits or slips-
> of an underreamer such as is disclosed In

my patent veferred to will expand, the un-
derreamer being of such dimensions as to
pass through the casing when the reaming
bits or slips are at the lower end of the
wedge.

It is the purpose of my present invention
to provide an underreamer which will be
adapted to be used to enlarge the”hole
drilled below casing either to standard size
or to a considerably larger size if desived.

It is a further purpose of the invention
to provide an improved means for holding
the reaming bits or slips in contracted posi-
tion while the tool is being lowered through
the casing.

Referring to the drawings: Figure 1 is a

Specification of Letters Patent.
Application filed October 26, 1909.

Patented Dec. 20, 1910.
Serial No. 524,731,

vertical sectional view through the lower
portion of the reamer bedy on a plane at
right angles to the faces of the wedge, show-
ing the reaming bits or slips in contracted
position. Fig. 2 is a similar view showing
the reaming bits or slips in expanded or
working position. Fig. 8 is a view in longi-
tudinal section of the upper end of the reamer
body also showing in elevation the double
pin substitute by which the underreamer is
connected with the string of tools. Fig. 4
is an elevation of the lower portion of the
reamer body showing the reaming bits or
slips in retracted position. Figs. 5 and 6
are cross-sections on lines #—w and y—y of
Fig. 2 respectively. Figs. 7 and 8§ are side
and front views respectively of the reaming
bit or slip. Fig. 9 is a detail view of a de-
vice for retaining the reaming bits or slips
in contracted position. Fig. 10 is a vertical
section similar to Fig. 2 showing an under-
reamer having a bit at its lower end. = Fig.
11 is a side elevation of the combined under-
rearper and bit shown in vertical section in
Fig. 10. Fig. 12 is a cross-section on line
a—a of Fig. 1. ,

In the drawings, 1 is the reamer body
having its lower portion shaped to form a
wedge 2 and having its.upper portion bored
out to form a spring case 3. The upper end
of the bore of the spring case is tapered and
screw-threaded -as shown at 4 to receive the
tapered pin 5 of the double pin substitute 6.
The bore of the spring case 8 is of sufficient
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diameter to receive the spring 7 which bearg::

at its lower end against a shoulder 8 and -
bears at its upper end against a head 9 on

the spring rod 10.

The spring rod 10 extends downward from
the spring case through a bore 11 in.line
with the bore of the spring case concentric
with the axis of the reamer body and ex-
tending nearly to the lower end of the
wedge. The spring rod is provided near its
lower end with a slot 12 through which ex-
tends a cross bar 13 by which the reaming
bitis or slips are connected with the spring
rod.

The wedge 2 instead of being tapered uni-
formly from its base to its apex as in the

construction disclosed in my patent above

referred to, has the upper portion 14 of each
of its faces at a different angle, relative to
the axis of the reamer body, from that of
the lower portion 15 of these surfaces.. The
upper portions 14 of the wedge surfaces are
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at a comparatively slight angle to the axial

line of the reamer body while the lower
portions 15 are at a much greater angle.
The upper and lower surfaces 14 and 15
come together at 16 at a slight angle as
shown. ,
At the upper ends of the upper surfaces

14 I provide abutments 17 each uaving its

face arranged preferably at an oblique
angle to the axial line of the reamer body
instead of at a right angle thereto.

Through the wedge at right angles to the
wedge surfaces is formed a longitudinal slot
18 extending from a point near the abutment
17 nearly to the lower end of the wedge,
the slot being of such width as to permit the
cross bar 18 to extend through it and to
travel freely in it.

The material of the reamer body extends
outward at the sides of the wedge surfaces
to form housings 19 and in. these housings
are formed guide ribs 20 for guiding the
reaming bits or slips. These guide ribs 20
extend from the abutments 17 downward
to. a point below the line of the point 16
and preferably extend nearly or quite ‘to
the lower end of the wedge. These guide
ribs extend in a line parallel with the up-
per surfaces 14 of the wedge to a point 21
somewhat below the point 16 at which the
upper and lower surfaces 14 and 15 come to-
gether, and from the point 21 to the lower
end the rib, while following the general
direction of the lower surface 15 of the
wedge, is preferably nearer the plane of the
surface 15 at its lower than at its upper
end. Tt will be seen that by reason of this

construction the space 22 between the sur--

face of the wedge and the rib 20 is of uni-
form width from the abutment 17 to the
point 16 and from this point to the
point 21 downward is of increasing width
and from the point 21 to the lower end of
the rib is of gradually decreasing width.
93 are the reaming bits or slips having
their upper ends terminating in. oblique
faces 24 adapted to fit the oblique faces of
the abutments 17 when the reaming bits or
slips are in expanded or operating position
as shown in Fig. 2 The reaming bits or
slips 23 have cutting edges 25 and tail pieces
or' extensions 26 extending downward be-
low the plane of the cutting edges; they are
also each provided above the cutting edges
with an opening 27 adapted to receive the
end of the cross bar 13 and on thejir outer
faces they are each provided with a recess 28
to receive the end of a pin 29 in the end of
the cross bar. On their sides the reaming
bits or slips are each provided with ribs 30
adapted to travel in the space 22 and to en-
gage and be guided by the guide rib 20. In
order that the reaming bits or slips may
readily pass the angle 16 at which the upper
and lower surfaces 14, 15 of the wedge come

979,108

together their inner faces are concaved as
shown at 81 and to further facilitate the free
passage of the reaming bits from end to end
of the wedge the ribs 80 are slightly eased off
or cut away as shown at 32.

In the lower ends of the reaming hits or
slips are formed holes or openings 33, these
holes being bored at such an angle that
when the reaming hits or slips are at the
lower end of the wedge as shown in Fig. 1
the holes in the two reaming bits or slips
will converge slightly from below upward.
These holes are adapted to vreceive the
slightly converging legs 34 of a staple 35

as shown in Fig. 1 by which the reaming
"bits or slips may be held together in re-

tracted position. .

The spring rod 10 is preferably formed
at a suitable point between its ends with
a shoulder 36 which is adapted to be en-
gaged by the inward projecting ends 37 of

 trips 88 which are carried in recesses 39

formed in the reamer body above the abut-
ments 17. The trips 88 are retained in po-
sition by pins 40 extending through slots 41
in the trips, the slots 41 being of sufficient
length to permit the trips to move suffi-
ciently to engage and disengage their ends
37 with the shoulder 36. The ends 37 of
the trips terminate in inclined faces 42 to
permit the shoulder 36, which also has in-
clined upper and lower faces, to pass the
trips when the trips are not pressed inward.

The recesses 39 are preferably provided in
their bottoms with openings or perforations
43 extending into communication with the
bore 11 to permit water and any fine sand
to pass through.

When the tool is to be introduced into a
well hole the reaming bits or slips are drawn
down to the lower end of the wedge to the
position in which they are shown in Fig. 1.
against the upward pull of the spring 7
and are held there temporarily by any con-
venient means as for instance. by insert-
ing the legs 34 of the staple 35 in the holes
33. The trips 38 are then pressed inward
to cause their ends 37 to engage the upper
face of the shoulder 36 and are held in such
engagement by removable ring G as in the
tool of my patent before referred to. The
staple 35 may then be removed if desired.
The reaming bits or slips are thus held op-
posite the lower surfaces 15 of the wedge
being so far contracted or brought inward
that the tool will pass freely through the
casing. As the tool enters the casing the
upper end of the casing will stop the ring
G and the trips will engage the inner walls

~of the casing and hold the ends 37 in en-

gagement with the shoulder 36. If the
staple 85 was removed before introducing
the tool into the casing the reaming bits or
slips will be drawn up on the wedge into ex-
panded position as soon as the trips 38 pass
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below the lower end of the casing so that
they are free to move outward to release
the spring rod. If the staple 35 has been

allowed to remain in position, as soon as

one or the other of the reaming bits or slips
strikes ‘the shoulder at the upper end of the
small hole below the casing, or any obstrue-
tion sufficient to stop it, 1t will be freed
from engagement with the staple and at the
same time the other reaming bit or slip will
free itsclf from the staple which will drop
off. The reaming bits or slips will thus be

free to be moved to expanded position by

the spring 7 and the tool is then ready for
use in the usual manner of using an under-
reamer, :

By the use of the wedge as above described
having upper and lower surfaces of dif-
ferent angle a degree of expansion and con-
traction of the reaming bits or slips is se-
cured much greater than that obtainable
where a straight wedge is used, without in-
creasing the length of the wedge. For in-
stance in a well in which 8% inch casing is
used the straight wedge underreamer of
usual length will enlarge the hole below
casing to 10 inches which is sufficient to per-
mit the casing to be lowered under ordi-
nary conditions, but is not adapted to en-
large the hole to a greater diameter. A tool
of the present invention capable of passing
freely through the 8} casing when the ream-
ing bits or slips are in contracted position,
that is when at the lower end of the wedge
resting against the lower surfaces 15, is
capable, when the reaming bits or slips are
in expanded position, that is against the
abutments 17, of enlarging the hole to a
diameter of 11 inches. This increased diam-
eter is in some cases of great importance in
order to enable the casing to pass obstruc-
tions which would otherwise stop it as where
the hole is crooked or where a ledge of rock
is encountered immediately below soft ma-
terial in which bad caving has occurred.

The lower portions of the guide ribs 20
that is the portions opposite the lower por-
tions 15 of the surface of the wedge hold
the reaming bits inward against the pos-
sibility of outward swing which might be

caused by striking an obstruction or by

lowering the tool rapidly through water. .
The spring rod 10 is preferably flattened
between the shoulder 36 and the lower end
of the rod as shown in-Fig. 12 so as to give
increased depth of shoulder 36 for the en-
gagement of the trips without matetially
lessening the strength of the rod as would
be done by turning down the rod.
For some purposes it is desirable to drill
2 small hole and simultaneously enlarge the
drilled hole. For this purpose I may pro-
vide the underreamer with 'a bit 45 extend-
ing downward below the lower end of the
wedge 2 as shown in Fig. 10. The bit in

!
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such case is provided below the apex of the
.wedge with an opening 46 of sufficient
length and width to permit the reaming bits
or slips to pass through it after they are
moved down past the apex of the wedge.
The housings 19 are extended downward to
support the bit 45 the housing being of suf-
ficient mass to give the necessary strength.

In the operation of under-reaming as the
tool descends and causes the cutting edges

of the reaming bits to strike on the shoulder

of material to be cut away, the reaming
bits will usually tend to stick in the ma-
terial of the well wall by reason of the re-
sistance of the material and the pinching in
due to this resistange, but as the tocl is
drawn upward after striking a blow, the
wedge is drawn slightly upward from be-
tween the reaming bits, relative movement
of the wedge and reaming bits being per-
mitted by the yielding of the spring 7, and,
as the wedge moves upward the reaming bits
are drawn inward freeing them from the
wall of the well hole. As the tool continues
to rise the reaming bits are brought up above
the shoulder inte the portion already reamed
to full diameter and are then at once re-
turned to contact with the abutments by the
contraction of the spring. g

It will of course be understood that I do
not desire to be limited to the precise con-
struction or arrangement shown or de-
scribed, as it is obvious that changes in the
details of construction and proportion and
arrangement of parts may be made without
departing from the spirit of the invention.

Having thus described my invention and
explained the operation. therecf, I claim as
new and desire to secure by Letters Pat-
ent :-—

1. In an under-reamer the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming
bits, the upper and lower portions of the
surfaces of the wedge being at different an-
gles to the longitudina! axis of the wedge,
guide ribs formed in the reamer body ad-

jacent the upper portions of the surfaces of

‘the wedge, and extending below said upper

portions, reaming bits provided with means
for engaging said guide ribs, and means for
moving the reaming bits from one portion
of the wedge to the other portion.

2. In an under-reamer the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming
bits, the upper and lower portiens of the
surfaces of the wedge being at different an-
gles to the longitudinal axis of the wedge,
‘guide ribs formed in the reamer body ad-
jacent and parallel to the upper portions of
the surfaces of the wedge, and extending
below said upper portions, reaming bits pro-
vided with means for engaging said guide
ribs, and means for moving the reaming bits
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from one portion of the wedge to the other
portion.

3. In an under-reamer the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming
bits. the lower portion of the surfaces of the
wedge being at a greater angle to the longi-
tudinal axis of the wedge than the upper
portions, guide ribs formed in the reamer
body adjacent the upper portions of the sur-
faces of the wedge, and extending below said
upper portions, reaming bits provided with
means for engaging said guide ribs, and
means for moving the reaming bits from one
portion of the wedge to the other portion.

4. Tn an under-reamer the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming
bits, the lower portions of the surfaces of the
wedge being at a greater angle to the longi-
tudinal axis of the wedge than the upper
portions, guide ribs formed in the reamer
body adjacent and parallel to the upper por-
tions of the surfaces of the wedge, and ex-
tending. below said upper portions, reaming
bits provided with means for engaging said
guide ribs, and means for moving the ream-
ing bits from one portion of the wedge to
the other portion. v

5. In an under-reaner the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming
bits, the lower portions of the surfaces of
the wedge being at a greater angle to the
longitudinal axis of the wedge than the up-
per portions, guide ribs formed in the
reamer body adjacent and parallel to the
upper portions of the surfaces of the wedge,
and extending below said upper portions
adjacent to the lower portions of the sur-
faces, the spaces between said guide ribs
and the lower portions of the surfaces being
wider at the upper ends of said spaces than
at their lower ends, reaming bits provided
with means for engaging said guide ribs,
and means for moving the reaming bits from
one portion of the wedge to the other'portion.

6. In an under-reamer the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming

979,106

bits, the upper and lower portions of the
surfaces of the wedge being at different an-
gles to the longitudinal axis of the wedge,
guide ribs formed in the reamer body adja-
cent the upper portions of the surfaces of the
wedge, and extending below said upper por-
tions, reaming bits provided with means for
engaging said guide ribs, and having their
inner faces concaved, and means for moving
the reaming bits from one portion of the
wedge to the other portion.

7. In an-under-reamer the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming
bits, the upper and lower portions of the

surfaces of the wedge being at different an-

gles to the longitudinal axis of the wedge,
guide ribs formed in the reamer body adja-
cent and parallel to the upper portions of
the surfaces of the wedge, and extending be-
low said upper portions, reaming bits pro-
vided with means for engaging said guide
ribs, and having their inner faces concaved,
and means for moving the reaming bits from
one portion of the wedge to the other portion.

8. In an under-reamer the combination of
a reamer body having a wedge shaped por-
tion adapted to receive and support reaming
bits, the upper and lower portions of the
surfaces of the wedge being at different an-
gles to the longitudinal axis of the wedge,
guide ribs formed in the reamer body adja-
cent and parallel to the upper portions of
the surfaces of the wedge and extending be-
low said upper portions, adjacent to the
lower portions of said surfaces, the spaces
between said guide ribs and said lower por-
tions being wider at the upper ends of said
spaces than at the lower ends, reaming bits
provided with means for engaging said guide
ribs, and having their inner faces concaved,
and means for moving the reaming bits from
one portion of the wedge to the other portion.

This specification signed and witnessed
this 19th day of October A. D. 1909.

JOHN C. SWAN.

In the presence of-—
Cuas. E. Riorpon,
A. P. GreELEY.
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