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ABSTRACT OF THE DISCLOSURE 
A reamer tool including, an elongate, vertically ex 

tending tubular body, screw threads at the upper end of 
the body to releasably secure the body with the lower end 
of an elongate string of fluid conducting drill pipe, a plu 
rality of elongate circumferentially spaced, radially out 
wardly opening slots extending longitudinally of the body, 
an elongate arm arranged within each slot to normally 
occur within the confines of the slot, means pivotally 
securing the upper end of the several arms to the body, an 
elongate roller cutter rotatably carried by and projecting 
radially inwardly from the lower end of each arm to nor 
mally occur within the confines of the body and fluid 
pressure operated actuating means within the body and 
responsive to fluid pressure within the body and the re 
lated string of drill pipe and operable to pivot the arms 
radially outwardly and upwardly and to shift the cutters 
radially outwardly from within the confines of the body, 
each cutter having a plurality of longitudinally spaced 
annular rows of circumferentially spaced radially out 
wardly projecting formation engaging teeth, the axial 
spacing of the rows of teeth and the circumferential spac 
ing of the teeth of said rows of teeth on each cutter 
being arranged so that when the cutters are shifted out 
wardly and are rotated into engagement with and about 
an adjacent annular shoulder in an earth formation sur 
rounding the reamer the teeth of each cutter engage the 
formation between the tracks of the teeth of the other 
cutters, and each tooth engages the formation at the point 
spaced circumferentially from the points of contact by 
teeth on adjacent tracks, the lower sides of the cutters 
being radially inwardly and downwardly inclined rela 
tive to the longitudinal axis of the construction when in 
their actuated position, whereby the inner rows of teeth 
on the cutters engage the surrounding formation on radial 
planes below and in advance of the outer rows of teeth 
on the cutters, the teeth on the cutters have radially in 
wardly and downwardly disposed surfaces to direct and 
urge the formation reduced thereby radially inwardly, and 
fluid circulating means to wash the cutters and the forma 
tion acted upon by the cutters, said fluid circulating means 
including a diffuser having a flat, central, upwardly dis 
posed disc shaped. surface arranged below the cutters 
and a nozzle carried by the body above the diffuser to 
direct a jet of circulating fluid downwardly onto the 
diffuser, said diffuser serving to direct said circulating 
fiuid radially outwardly across. the surface of the forma 
tion being acted upon and between the cutter teeth. 

??..................en? ?:56?????????????????????????????????????? 

This invention relates to a weld tool and is more par 
ticularly concerned with that type of well tool for en 
larging the bore hole in an oil well and commonly re 
ferred to as an under reamer. 

In the course of drilling an oil well and preparatory 
to putting the well into production, it is common prac 
tice to drill and establish a pilot hole, below or beyond 
the lower end of the casing previously arranged in the 
well bore and to subsequently introduce an under reamer 
secured to the lower end of a drill string, through the 
casing and into the pilot hole to enlarge the said pilot 
hole for subsequent reception of a perforated liner and 
other production equipment. 
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The art of under reaming is extremely old and highly 

developed. In past years, many under reaming tools have 
been provided, which tools have met with varying degrees 
of Success, but none of which has proven to be as effective, 
efficient and economical as the structure that applicant 
has invented and which is disclosed in the following specification. 
The under reamer structures provided by the prior art 

have become more and more complicated as the art has 
developed, with the result that the ordinary under reamer 
in use today is a complicated mechanism which is costly 
to manufacture and service and which is subject to failure 
due to its inherent complexity. 
An object of my invention is to provide a novel under 

reanner construction involving a minimum number of 
parts, each of which is simple in design, easy and eco 
nomical to manufacture and a reamer construction which 
is highly effective and dependable in operation and which 
is easy and economical to operate and maintain. 
When advancing an under reamer longitudinally in the 

pilot hole provided therefor, an annular shelf or ledge 
is established in advance of the reamer, which shelf is 
reduced by the reamer as it is rotated and advanced in 
the hole. The ordinary reamer is provided with a plu 
rality of circumferentially spaced, horizontally disposed, 
radially extending roller cutters carried by radially shift 
able arms. The cutters are provided with a plurality of 
circumferentially spaced longitudinally extending teeth. 
The teeth of the ordinary roller cutters used in under 
reamers establish substantially uninterrupted varying en 
gagement or contact on the annular shelf or ledge estab 
lished in the formation, along radial lines relative to the 
central axis of the hole, as the rollers are rotated about 
said ledge. This kind or type of cutting action requires 
the teeth of the cutters to break and reduce the forma 
tion, the full radial extent of the ledge or shelf and re 
quires the teeth to displace the reduced formation later 
ally relative to the radial lines of contact which they es 
tablished. That is, the reduced formation, in the case 
of the ordinary reamer cutter, must be displaced sub 
stantially circumferentially and in directions where it is 
backed up and Supported by adjacent, unreduced forma 
tion. 
An object of this invention is to provide an under 

reamer of the general character referred to including a 
plurality of circumferentially spaced, cone-shaped cut 
ters arranged on radially inwardly and downwardly in 
clined axes and having a plurality of longitudinally spaced, 
annular rows of formation engaging teeth; whereby the 
formation establishing the annular shelf or shoulder is 
and along lines of limited longitudinal extent, through 
out, the surface of said ledge or shelf and in such a man 
ner that the formation is reduced a bit or a chunk at a 
time, from the inside portion to the outside portion of said 
ledge, as the reamer is advanced and rotated. " . . 

It is a further object of this invention to provide teeth 
on the cutter cones with radially outwardly and down 
Wardly disposed surfaces which serve to urge the cuttings 
or reduced formation radially inwardly toward the pilot 
hole and in a direction where the cuttings are unsup 
ported or backed by adjacent formation. 

During the course of under reaming, circulating fluid 
is introduced into the well through the drill string and 
through the under reaming tool to flush the cuttings or 
reduced formation upwardly into and through the annulus 
about the tool and its related drill string. In the case of 
the ordinary or conventional under reaming tool, circulat 
ing fluid is directed downwardly onto the cutters and/or 
on to the ledge or shelf in the formation established by 
the cutters, to keep the cutters and/or shelf clean. This 
practice tends to flush the cuttings downwardly onto the 



3,347,323 
3 

ledge and in the way of the cutters and/or into the pilot 
hole where said cuttings interfere with the desired oper 
ation of the tools. 
An object of my invention is to provide novel fluid 

circulating and/or directing means which is such that cir 
culating fluid is directed radially outwardly and upwardly 
onto the underside of the cutters and upwardly and out 
wardly across the shelf or ledge established by the tool; 
whereby the cuttings are initially directed outwardly and 
upwardly onto the underside of the cutters and upwardly 
and outwardly across the shelf or ledge established by the 
tool; whereby the cuttings are initially directly outwardly 
and upwardly into the annulus about the tool and away 
from the cutters and the pilot hole. 
The various objects and features of my invention will 

be fully understood from the following detailed descrip 
tion of a typical preferred form and application of my 
invention, throughout which description reference is made 
to the accompanying drawings, in which: 

FIG. 1 is an elevational view of my new under reamer, 
showing it arranged in a weld structure in an unactuated 
position; 

FIG. 2 is a view similar to FIG. 1 and showing my 
under reamer in an actuated position; 

FIG. 3 is a detailed sectional view of my under reamer 
showing it in an unactuated position; 

FIG. 4 is a detailed sectional view similar to FIG. 3 
and showing the construction in an actuated position; 
FIG. 5 is an enlarged, detailed sectional view of a por 

tion of the construction shown in FIG. 4; 
FIG. 6 is a transverse sectional view taken as indicated 

by line 6-6 on FIG. 5; 
FIG. 7 is a transverse sectional view taken as indicated 

by line 7-7 on FIG. 5; 
FIG. 8 is a transverse sectional view taken as indicated 

by line 8-8 on FIG. 5; 
FIG. 9 is a transverse sectional view taken as indicated 

by line 9-9 on FIG. 5; 
FIG. 10 is a transverse sectional view taken as indicated 

by line 10-10 on FIG. 5; 
FIG. 11 is a transverse sectional view taken as indicated 

by line 11-11 on FIG. 5; 
FIG. 12 is a transverse sectional view taken as indicated 

by line 12-2 on FIG. 5; and, 
FIG. 13 is a plan view showing the annular shoulder 

established by my reamer construction, about the pilot 
hole, with a pattern applied thereto to indicate a pattern 
which the cutter teeth of my new under reamer might 
establish. 
The under reamer A provided by this invention in 

cludes an elongate vertically extending sub 10 with a cen 
tra flow passage 11, and upwardly opening, internally 
threaded box 12 at its upper end and an externally thread 
ed pin 13 at its lower end. The box 12 cooperatively 
receives an externally threaded pin 14 on the lower end of 
a fluid conducting drill string 15, which string is made up 
of a plurality of stands of drill pipe and the like, in 
accordance with common practice. 
The tool A further includes an elongate, vertically ex 

tending, cylindrical body 20 having upper and lower 
portions 21 and 22. 
The upper portion 21 of the body is provided with an 

upwardly opening, internally threaded box 23 in which 
the pin 13 of the sub 10 is threadedly engaged and an 
elongate, horizontally extending cylinder bore 24 contin 
uing downwardly from the bottom of the box and ter 
minating at a flat, upwardly disposed bottom 25. 
The lower portion 22 of the body 20 has a central 

cylindrical guide passage 26 of less diametric extent than 
the cylinder bore 24, extending longitudinally through 
said lower portion and communicating with the cylinder 
bore at the bottom thereof. 

It will be apparent that the guide passage and the 

5 

O 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

75 

4 
bottom of the cylinder bore cooperate to define an annu 
lar, upwardly disposed spring seat. 
The lower portion 22 of the body is further provided 

with a plurality (3) of circumferentially spaced, elongate, 
longitudinally extending cutter arm receiving slots having 
upper portions 27 of limited circumferential extent and 
enlarged lower portions 28, which enlarged lower portions 
are adapted to receive cutters, as will hereinafter be de 
scribed. 
The slots open radially outwardly and communicate 

with the passage 26. The upper portions 27 of the slots 
have straight, parallel sides and are closed at their upper 
or top ends. The lower enlarged portions 28 of the slots 
open downwardly and in such a manner that the lower 
end portion of the lower section defines a plurality (3) 
of depending finger-like members X. 
The lower portion of the body is provided with an an 

nular stop ring 30 having a downwardly and radially 
inwardly tapered seat 31. The stop ring 30 is arranged in 
the guide passage 28 substantially midway between the 
upper and lower ends of the upper portions 28 of the 
slots and is fixed therein as by welding. 
An elongate pilot P having a plurality (3) of longi 

tudinally extending vanes 32, joined as by welding along 
the central longitudinal axis of the construction, is ar 
ranged in axial alignment below the lower end of the 
body. The upper ends 33 of the vanes are flat and hori 
Zontally disposed and have their radial outer end portions 
fixed and intricately joined to the lower terminal ends of 
the finger-like portions X of the body, by welding. The 
vanes 32 are turned or twisted helically and their lower 
end portions are rounded downwardly and radially in 
wardly, as clearly illustrated in the drawings. 
The pilot P is adapted to guide the tool when the tool 

is in operation, as will hereinafter be described. 
An elongate, vertically extending mandrel 40 is ar 

ranged within the body 20 to shift longitudinally therein. 
The mandrel 40 has a piston head 41 at its upper end, 
which head is slidably engaged in the cylinder bore 24 in 
the upper portion 21 of the body. The mandrel further has 
a lower, elongate, cylindrical driver portion 42 depending 
from the piston head and slidably engaged in the guide 
passage 26 in the lower portion 22 of the body 20. 
The upper piston head is provided with a plurality of 

longitudinally spaced, radially outwardly opening annular 
grooves 43 in which suitable O ring seals 44 are engaged 
and carried to Seal between the piston and the cylinder 
bore. 
The lower end portion of the driver portion 42 of the 

mandrel 40 is provided with a radially inwardly and 
downwardly tapered, annular, cam face 45, which cam 
face is adapted to act upon and shift cutter supporting 
arms 70, carried by the body, from an unactuated position 
to an actuated position as will hereinafter be described 
and to engage and seat in the stop ring 30, when the 
structure is in its fully actuated position, as clearly illus 
trated in FIG. 5 of the drawings. 

The mandrel 40 is further provided with a central longi 
tudinal flow passage 46 and an elongate fluid conducting 
extension 47 of reduced diametric extent. The extension 
47 communicates with the flow passage and depends from 
the lower end of the mandrel. A suitable combination flow 
bean and nozzle 48 is engaged in the lower end of the 
extension 47 and is adapted to direct a jet of circulating 
fluid axially downwardly toward the top or upper end of 
the pilot P where it impinges upon a flat, horizontally dis 
posed round or disc-shaped diffuser 49. The diffuser 49 
is established by depositing or building up a body or mass 
of hard material, such as tungsten carbide, as by welding, 
at and about the junction of the upper ends 33 of the 
Several veins 32 and subsequently grinding a flat, central, 
round or disc-shaped, upwardly disposed surface thereon. 

It will be apparent that when a jet of circulating fluid 
impinges upon the diffuser 49, the fluid is caused to spray 
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ends of the teeth at the outer ends of the cutters and oc 
curring at the lower sides of the cutters, occur radially 
outward of the lower ends of their related arms, whereby 
the arms do not interfere with the operation of the con 
struction as by engaging and dragging on the sides of the 
bore hole established by the cutters. 

In operation, the pilot hole 90 is established in a forma 
tion F below the shoe 100 at the lower end of a casing 
101 set in a weld bore 162. The tool A, in its unactuated 
position and engaged on the lower end of the drill string 
15 is then lowered from the top of the weld structure, 
downwardly through the casing and into the pilot hole. 
When thus arranged, circulating fluid, under consider 

able pressure, is flowed downwardly through the construc 
tion and through the combination flow bean and nozzle 
48. The pressure of the fluid acts upon the piston 41 and 
urges the mandrel 40 downwardly against the resistance 
of the spring 60. Downward shifting of the mandrel urges 
the arms and cutters radially outwardly. The tool is then 
rotated to cut and open the pilot hole to full bore and is 
then advanced downwardly, while still being rotated, to 
complete the desired under reaming operation. 
When the operation is completed, the fluid pressure is 

reduced and the spring 60 urges the mandrel back, up 
wardly in the body and the arms and cutters are free to 
swing downwardly and inwardly or back to their un 
actuated position. The tool is then removed from the weld 
St?ucture. 

In the event that the arms do not swing back into their 
unactuated position freely, drawing the tool upwardly 
through the shoe 100 at the lower end of the casing 101 
urges the arms and cutters radially inwardly to their un 
actuated position. This is possible due to the fact that the 
arms are not locked in their out or actuated position by 
positive mechanical means. 

It is very important and it is to be noted that the dif 
fuser 49 occurs on a common plane with the lowermost 
teeth of the cutter so that the spray or fan of circulating 
fluid established thereby is directed radially outwardly 
across the surface of the formation being acted upon and 
between the teeth. The circulating fluid, therefore, initially 
flushes the cuttings radially outwardly where they are 
more readily picked up by the circulating fluid and car 
ried directly into and upwardly through the annullus be 
tween the tool and the surrounding well structure. 

Having described only a typical preferred form and 
application of my invention, I do not wish to be limited 
to the specific details herein set forth, but wish to reserve 
to myself any modifications and variations that may ap 
pear to those skilled in the art and which fall within the 
scope of the following claims. 

Having described my invention I claim: 
1. An under reamer of the character referred to in 

cluding, an elongate vertically extending tubular body, 
screw threads at the upper end of the body to releasably 
Secure the body with the lower end of an elongate string 
of fluid conducting drill pipe, a plurality of elongate cir 
cumferentially spaced, radially outwardly opening slots 
extending longitudinally of the body, an elongate arm 
arranged within each slot to normally occur within the 
confines of the slot, means pivotally securing the upper 
€nd of the several arms to the body, an elongate roller 
cutter rotatably carried by and projecting radially in 
Wardly from the lower end of each arm to normally occur 
Within the confines of the body and fluid pressure operated 
actuating means within the body and responsive to fluid 
pressure within the body and the related string of drill 
pipe and operable to pivot the arms radially outwardly 
and upwardly and to shift the cutters radially outwardly 
from within the confines of the body, each cutter having a 
plurality of longitudinally spaced annular rows of circum 
ferentially spaced radially outwardly projecting forma 
tion engaging teeth, the axial spacing of the rows of teeth 
and the circumferential spacing of the teeth of said rows 
of teeth on each cutter being arranged so that when the 
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8 
cutters are shifted outwardly and are rotated into engage 
ment with and about an adjacent annular shoulder in an 
earth formation surrounding the reamer, the teeth of each 
cutter engage the formation between the tracks of the 
teeth of the other cutters and each tooth engages the 
formation at a point spaced circumferentially from the 
points of contact by teeth on adjacent tracks. 

2. A structure as set forth in claim wherein the teeth 
on the cutters have radially inwardly and downwardly 
disposed surfaces to direct and urge the formation reduced 
thereby radially inwardly. 

3. A structure as set forth in claim 1 including fluid 
circulating means to wash the cuttings and the formation 
acted upon by the cutters, said fluid circuating means 
including a diffuser having a flat, central, upwardly dis 
posed disc shaped surface arranged below the cutters 
and a nozzle carried by the body above the diffuser to 
direct a jet of circulating fluid downwardly onto the 
diffuser, said diffuser serving to direct said circulating fluid 
radially outwardly across the surface of the formation 
being acted upon and between the cutter teeth. 

4. A structure as set forth in claim 1 wherein said fluid 
pressure actuating means includes an elongate upwardly 
opening axially extending cylinder bore in the body above 
the slots therein and communicating with the fluid con 
ducting drill string and terminating at a flat bottom, a 
central guide passage continuing downwardly through 
the body from the bottom of the cylinder bore and com 
municating with the slots therein, an elongate mandrel 
with a central longitudinal flow passage arranged in the 
guide passage and extending upwardly into the cylinder 
bore and having an enlarged cylinder bore engaging pis 
ton at its upper end and a radially inwardly and down 
wardly convergent annular cam face at its lower end, 
an elongate flow tube mounted in the upper end of the 
cylinder bore to depend freely therethrough and into the 
flow passage and to conduct the primary flow of cir 
culating fluid from the drill string through the cylinder 
bore and into the fluid passage, a radially inwardly pro 
jecting cam face engaging lug on each arm below its upper 
end to normally project freely into the guide passage be 
low the cam face and to be engaged and urged radially 
outwardly by the cam face upon downward shifting of 
the mandrel in the body, a compression spring between 
the bottom of the piston and the bottom of the cylinder 
bore to normally yieldingly urge the mandrel upwardly 
in the body, an annular stop ring in the guide passage 
below the mandrel to engage and stop the mandrel when 
it is urged downwardly and reaches its fully actuated posi 
tion, and a flow bean at the lower end of the flow passage 
to restrict the flow of circulating fluid through the con 
struction and to control the effective cross-sectional area 
of the piston and mandrel. 

5. A structure as set forth in claim 1 wherein said fluid 
pressure actuating means includes an elongate upwardly 
opening axially extending cylinder bore in the body above 
the slots therein and communicating with the fluid con 
ducting drill string and terminating at a flat bottom, a 
central guide passage continuing downwardly through 
the body from the bottom of the cylinder bore and com 
municating with the slots therein, an elongate mandrel 
with a central longitudinal flow passage arranged in the 
guide passage and extending upwardly into the cylinder 
bore and having an enlarged cylinder bore engaging pis 
ton at its upper end and a radially inwardly and down 
wardly convergent annular cam face at its lower end, 
an elongate flow tube mounted in the upper end of the 
cylinder bore to depend freely therethrough and into the 
flow passage and to conduct the primary flow of cir 
culating fluid from the drill string through the cylinder 
bore and into the fluid passage, a radially inwardly pro 
jecting cam face engaging lug on each arm below its 
upper end to normally project freely into the guide pas 
sage below the cam face and to be engaged and urged 
radially outwardly by the cam face upon downward 



9 
shifting of the mandrel in the body, a compression spring 
between the bottom of the piston and the bottom of the 
cylinder bore to normally yieldingly urge the mandrel 
upwardly in the body, an annular stop ring in the guide 
passage below the mandrel to engage and stop the man 
drel when it is urged downwardly and reaches its fully 
actuated position, and a flow bean at the lower end of the 
flow passage to restrict the flow of circulating fluid through 
the construction and to control the effective cross-sec 
tional area of the piston and mandrel, said flow bean 
directing a jet of circulating fluid downwardly onto a 
diffuser arranged centrally of the body and below the 
cutters, said diffuser having a flat upwardly disposed 
disc shaped surface to direct the jet of circuating fluid 
radially outwardly below the cutters and between the 
teeth thereon. 

6. An under reamer of the character referred to in 
cluding, an elongate vertically extending tubular body, 
screw threads at the upper end of the body to releasably 
secure the body with the lower end of an elongate string 
of fluid conducting drill pipe, a plurality of elongate cir 
cumferentially spaced, radially outwardly opening slots 
extending longitudinally of the body, an elongate arm 
arranged within each slot to normally occur within the 
confines of the slot, means pivotally securing the upper 
end of the several arms to the body, an elongate roller 
cutter rotatably carried by and projecting radially in 
wardly from the lower end of each arm to normally 
occur within the confines of the body and fluid pressure 
operated actuating means within the body and responsive 
to fluid pressure within the body and the related string 
of drill pipe and operable to pivot the arms radially out 
wardly and upwardly and to shift the cutters radially out 
wardly from within the confines of the body, each cutter 
having a plurality of longitudinally spaced annular rows 
of circumferentially spaced radially outwardly project 
ing formation engaging teeth, the axial spacing of the 
rows of teeth and the circumferential spacing of the 
teeth of said rows of teeth on each cutter being arranged 
so that when the cutters are shifted outwardly and are 
rotated into engagement with and about an adjacent 
annular shoulder in an earth formation surrounding the 
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reamer the teeth of each cutter engage the formation be 
tween the tracks of the teeth of the other cutters and 
each tooth engages the formation at a point spaced cir 
cumferentially from the points of contact by teeth on 
adjacent tracks, the lower sides of the cutters being radial 
ly inwardly and downwardly inclined relative to the 
longitudinal axis of the construction when in their actu 
ated position, whereby the inner rows of teeth on the 
cutters engage the surrounding formation on radial planes 
below and in advance of the outer rows of teeth on the 
CutterS. 

7. A structure as set forth in claim 6 wherein the teeth 
on the cutters have radially inwardly and downwardly 
disposed surfaces to direct and urge the formation reduced 
thereby radially inwardly. 

8. A structure as set forth in claim 6 wherein the teeth 
on the cutters have radially inwardly and downwardly 
disposed surfaces to direct and urge the formation re 
duced thereby radially inwardly, and fluid circulating 
means to wash the cutters and the formation acted upon 
by the cutters, said fluid circuating means including a 
diffuser having a flat, central, upwardly disposed disc 
shaped surface arranged below the cutters and a nozzle 
carried by the body above the diffuser to direct a jet of 

5 circulating fluid downwardly onto the diffuser, said dif 
fuser serving to direct said circuating fluid radially out 
Wardly across the surface of the formation being acted 
upon and between the cutter teeth. 
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