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3,237,705 
REAMER FOR ENLARGING AND STRAIGHTEN 

ING BORE HOLES 
Edward B. Williams, Jr., Greenville, Tex., assignor of 

one-third each to Joseph W. Williams and David B. 
Williams, both of Greenville, Tex. 

Filed Nov. 13, 1963, Ser. No. 323,327 
12 Claims. (Cl. 175-—406) 

This invention relates to a reamer for use in a string 
of drill pipe employed in the rotary drilling of bore holes 
into earth formations. 
For example, it often becomes necessary to enlarge the 

diameter of a bore hole being drilled, in order to run a 
casing which has an inner diameter at least conforming 
to the diameter of the bore hole being drilled. Also, in 
drilling bore holes through earth formations, it is dif?cult 
to maintain a straight hole, consequently, it is desirable 
to ream out and straighten portions of a bore hole at dif 
ferent depths while the drilling continues, to prevent bind 
ing and excessive wear of the drill pipe caused by rub 
bing thereof on the wall of the bore hole. 

It is obvious that for economy and speed of drilling, 
the reamer must be capable of passage through diameters 
corresponding to the diameter of the hole being drilled, 
and at the same time be capable of reaming to larger 
diameters at places where reaming is required. 

It is, therefore, an object of the present invention to 
provide a reamer for connection anywhere along the 
length of the drilling string and which may be run with 
the drill pipe to depths in the bore hole where the ream 
ing operation is to start, and which is capable of being 
withdrawn through the diameters of the bore hole corre 
sponding with the diameter of the drill bit being used. 

In accomplishing this object, a reamer is provided 
having a reaming face projecting from one side only of 
the drill pipe, so that the total diameter thereof is such 
that it may pass through circumferences corresponding 
with the diameter of the bore hole produced by the drill 
bit that is attached to the lower end of the drilling string. 

Further objects of the invention are to provide a reamer 
of this character having a reaming face composed of a 
plurality of cutting elements such as diamonds, bortz, 
and similar hard substances; to provide an adequate ?uid 
supply for cooling the cutting elements and removing 
the cuttings; to provide a reamer which permits the drill 
pipe to yield for absorbing shock upon the cutting ele 
ments; to provide the face of the reamer with flow chan 
nels intermediate rows of cutting elements to accom 
modate the cuttings therein; to provide the reamer with 
a cutting face that is generated on a true are about the 
axis of rotation, so that all of the cutting elements ‘are 
in contact with the wall of the bore hole and to assure 
distribution of the drilling ?uid to all of the ?ow chan 
nels; and to provide a reamer with an advance side that 
forms a wiper to clear the wall of the bore hole in 'ad 
Vance of the cutting elements. 

In accomplishing these and other objects of the in 
vention, I have provided improved structure, the preferred 
forms of which are illustrated in the accompanying draw 
ings, wherein: 
FIG. 1 is a vertical section through the lower portion 

of a bore hole, and showing a drilling string therein hav 
ing a drill bit on the lower end thereof, and provided 
with one or more reamers constructed in accordance with 
the present invention. 
FIG. 2 is an enlarged longitudinal section through a 

reamer and the portions of the drilling string that con 
nect therewith. 

FIG. 3 is a perspective view of one of the reamers, 
particularly illustrating the reaming face thereof. 

15 

35 

40 

50 

55 

60 

65 

3,237,705 
Patented Mar. 1, 1966 ICC 

2 
FIG. 4 is a cross section on the line 4-4 of FIG. 2, 

and showing the discharge port and transverse channel 
for supplying drilling ?uid to the longitudinal channels 
of the reaming face of the reamer. 
FIG. 5 is a similar section, taken on the line 5—-—5 of 

FIG. 2. 
FIG. 6 is a cross section through the bore hole pro 

duced by the bit, and showing the casing and reamer 
passing therethrough to a reaming position. 

FIG. 7 is a section similar to FIG. 4, but showing a 
modi?ed supply of drilling ?uid to the reaming face of 
the reamer. 

FIG. 8 is an enlarged fragmentary section through 
the reaming face of the reamer, to better illustrate the 
vertical grooves or channels and the setting of the dia 
monds or cutting elements in the ridges between the 
grooves. 
FIG. 9 is a similar section through a modi?ed arrange 

ment of cutting elements. 
FIG. 10 is a still further modi?ed form wherein single 

cutting elements are set in the ridges between the grooves 
or channels. 

Referring more in detail to the drawings: 
1 designates a bore hole being drilled through earth 

formation by a drill bit 2 which is rotated by a string 
of drill pipe 3. The string of drill pipe 3 is made up 
of stands of pipe sections 4 that are connected together 
by tool joints 5. The tool joints 5 include an internally 
threaded box 6 (FIG. 2) on one section that usually 
connects with an externally threaded pin 7 on the next 
lower section. 

In drilling the bore hole 1, it may be necessary to case 
off certain of the formations. This is accomplished by 
running a reamer into the bore hole to enlarge the diam 
eter thereof to accommodate a casing (not shown) hav 
ing an inner diameter near that of the bore hole. In 
many instances it is desirable to follow the reamer with 
the casing, in which case the reamer must be capable of 
being withdrawn through the casing. 

Also, in drilling bore holes it is di?icult to drill a 
straight hole, because the drill bit, due to the character 
of the formations, tends to lead off in various directions, 
consequently, the drill pipe 3 rotates in a crooked hole 
and is subject to wear where the tool joints rub on the 
walls of the bore hole in attempting to follow the curva 
ture of the crooked hole. For example, the bore hole 
shown in FIG. 1 curves toward the right, so that the 
drill pipe rubs with greater pressure on that side of the 
bore hole. This places the drill pipe under greater stress 
and results in failures of the drill pipe, caving of the wall, 
and wedging of the drill pipe in the bore hole. There 
fore, it is desirable to ream the bore hole at such places, 
to straighten the hole and ease bending conditions of the 
drill pipe. 
To accomplish a reaming operation for running in a 

casing, the drill pipe is provided with a reamer 8 con 
structed in accordance with the present invention, to ream 
out the bore hole and be removed through the casing 
when the casing follows the reamer into the bore hole. 
In straightening a bore hole, one or more of the reamers 
8 may be connected into the drilling string and lowered 
through the bore hole to the place that the reaming op 
eration is to be started. ‘ 
The reamer 8 includes a generally cylindrical body 9, 

having a diameter substantially conforming to the outer 
diameter of the drill pipe sections. The upper end of the 
cylindrical body has an externally threaded pin 10,.con 
forming to the pins 7 of the drill pipe sections, to couple 
the reamer into the box 6 of the stand of drill pipe. The 
lower end of the body has an internally threaded box 11, 
conforming to the boxes 6 of the stands of drill pipe sec 
tions, to connect with the pin 7 of a lower drill pipe sec 
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tion, as shown in FIG. 2. The cylindrical body 9 has an 
axial bore 12 extending therethrough and through the pin 
10 to the box 11, to provide a continuation for the flow 
of drilling ?uid through the string of drill pipe. 

Extending from only one side of the cylindrical body is 
a lateral projection 13, having a reaming face 14 of arcu 
ate cross section, a radial advance face 15 in the direc 
tion of rotation, and a trailing side face 16 tangential 
with the cylindrical body 9. The upper portion 17 of the 
reaming face is substantially cylindrical, while the lower 
portion 18 of the reaming face slopes inwardly and down 
wardly toward the end of the cylindrical body, as best 
shown in FIGS. 2 and 3. The upper end of the lateral 
projection is beveled inwardly and upwardly from the up 
per portion 17, to join with the cylindrical body, as indi 
cated at 20. 

In order that the reamer may be passed through the 
bore hole 1 that is made by the drill bit 2, the overall 
distance between the upper portion 17 of the reaming face 
and the opposite side of the cylindrical body is slightly 
less than the diameter of the bore hole 1. Also, the ream 
ing face 14 has a width less than one-half the circum 
ference of the bore hole to be reamed, as is shown in 
FIG. 6. 
The upper and lower portions 17 and 18 of the arcuate 

reaming face have a plurality of laterally spaced apart 
longitudinal channels or grooves 21, forming ridges 22 
therebetween. The upper and lower ends of the grooves 
or channels 21 have terminals 23 and 24, respectively, 
that continue through upper and lower marginal portions 
of the reaming face. The grooves 21 are inset from the 
forward and trailing marginal sides of the reaming face, 
as indicated at 25 and 26. The ridges 22 and grooves 21. 
may be of a shape, as shown in the large cross section 
illustrated in FIG. 8, to provide teeth 27 having forward 
faces 28 and outer faces 29 that are relieved from the 
wall of the bore hole to facilitate movement of cuttings 
that work from the forward faces into the grooves fol 
lowing the ridges. The terminals 23 at the upper ends of 
the grooves are of less ?ow capacity than the terminals 
24 at the lower ends, to better control the ?ow of drilling 
?uid and to provide outlets for the cuttings when the 
reamer is in use. To facilitate cutting, a plurality of 
diamonds or similar hard cutting elements 30 are inset into 
the forward edges of the teeth or ridges, as illustrated in 
FIG. 8. 
Another arrangement of grooves 31 and ridges 32 is 

shown in FIG. 9, wherein the leading and trailing faces 
33 and 34 are substantially parallel and the outer faces 35 
are arcuate, having substantially the same curvature as the 
general curvature of the reaming face of the reamer. In 
this form of the invention, a plurality of diamonds or 
similar hard cutting elements 36 are inset in rows into the 
outer faces 35. 
Another arrangement may consist of alternate grooves 

and ridges 38 having the general shape of the grooves 31 
and ridges 32 of FIG. 9. In this form of the invention, 
single rows of larger diamonds or like cutting elements 
39 are used, as shown in FIG. 10. 

In order to supply drilling fluid to the reaming face 
for cooling the diamonds and assist in ?ow of the cuttings 
therefrom, the grooves 21 are all interconnected by a 
transverse channel 40 terminating short of the front and 
rear marginal faces 25 and 26 and having the ends there 
of de?ned by inset slugs 41 and 42 of hard material, such 
as carbide, which contact the wall of the bore hole to 
resist wear at the ends of the channel and assure distribu 
tion and ?ow of drilling ?uid from the transverse channel 
to all of the longitudinal grooves 21. The drilling ?uid 
is supplied to the transverse channel 40 from the axial 
bore 12 through a passageway 43 that extends radially 
from the bore 12 and terminates in a reduced port 44 
opening into the transverse channel 40, that forms a choke 
to restrict the drilling fluid to the reaming face in the 
amount desired, and to maintain presssure within the drill 
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pipe so as to supply the drilling ?uid to similar reamers 
located at lower positions in the string of drill pipe and 
to the drill bit 2. 
The leading face 15 joins with the reaming face in an 

abrupt edge 45 to wipe the wall of the bore hole ahead 
of the reaming face, and the scrapings are directed by the 
face 15 into the stream of drilling ?uid which ?ows up 
wardly in the space 47 between the drill pipe and wall 
of the bore hole to the top of the bore hole. The edge 
45 :may be provided with spaced hard metal slugs 46, to 
resist wear and assist in scraping the wall of the bore hole. 

In the illustrated instances, the lateral projection 13 is 
preferably formed of powdered metal compounded with 
suitable binders, to facilitate formation of the ‘grooves 21 
and ridges 22 in the cutting face and to facilitate setting 
of the diamonds or similar cutting elements 30. In order 
to retain the powdered metal material, the lower portion 
48 of the cylindricalbody of the reamer is of reduced 
diameter, to form an upper shoulder 49 at the upper end 
of the bevel 20. The powdered metal material is extend 
ed around the reduced portion 48 of the cylindrical body 
in the form of a sleeve 50, which is integral with the 
projecting portion 13 of the reamer. In order to insure 
a bond between the cylindrical body and the powdered 
metal material, the reduced portion 48 of the cylindrical 
body may be equipped with a plurality of protuberances 
51, such as pins 52, that extend outwardly into the pew 
dered metal material, as shown in FIGS. 2 and 4. The 
pins 52 may be inset tightly within sockets 53 drilled into 
the portions 48 of the cylindrical body. 
The modi?ed form of the invention shown in FIG. 7 

conforms to the structure just described, with the excep 
tion that the passageway 54 is of su?iciently reduced di 
ameter so as to eliminate the necessity of the choke 
formed by the reduced port in the ?rst described form of 
the invention. \ 

In using the reamer constructed as described for en 
larging a bore hole to accommodate a casing (not shown) 
having an inside diameter conforming to the original 
diameter of the bore hole, a reamer 8 is connected above 
the drill bit 2 between any two adjoining stands 4 of 
drill pipe, and started ‘into the bore hole 1. The drill pipe 
is rotated in the usual manner, while drilling ?uid is 
circulated downwardly through the drill pipe for dis 
charge through the drill bit to wash cuttings made by the 
bit to the top of the bore hole by way of the upflow 
passageway 47. Rotation of the drill pipe gyrates the 
reaming face 14 in a circular path about the axis of rota 
tion. The cutting action is started with the upper por 
tion 17 of the reaming face, and continues to the lower 
sloping portion 18 as the bore hole is enlarged with low 
en'ng of the drill pipe, until the diameter of the bore 
hole corresponds to the circular path of the upper ream 
ing face portion 17. 
A portion of the drilling ?uid is discharged through 

the passageway 43 and choke port 44 into the transverse 
channel 40 for distribution to all of the grooves 21. The 
cuttings fromthe striations produced by the diamonds 
30 are washed from the ridges 22 into the grooves 21, 
and are discharged through the upper and lower ter 
minals 23 and 24 into the bore hole and into the upward 
?ow of drilling ?uid. 

Attention is directed to the ability of the drill pipe to 
yield, as it provides a shock absorber effect on the dia 
monds. The reaming face, which includes the leading 
edges of the ridges, being a true are on the axis of rota 
tion, makes all of the diamonds effective in reducing the 
wall of the bore hole. The leading side 15 of the pro 
jection provides a wiper for cleaning the wall of the bore 
hole ahead of the reaming face and assists the scraping 
edge 45 in removing any cuttings that may tend to lodge 
on the wall of the bore hole and carrying them into the 
upwardly ?owing stream'of drilling ?uid. The inserts 
or slugs 41 and 46 resist erosion and cutting of the pow 
dered metal material of which the projecting portion of 



s 
the reamer is formed. The casing may be inserted pro 
g ressively with the reamer, since the reamer may be With 
drawn through the casing on shifting the drill pipe to the 
side opposite the projection 13. 

a 

In using the reamers for straightening a crooked hole, 
s shown in FIG. 1, one or more of the reamers may be 

inserted in the drill pipe at places where the drill pipe 
tends to rub on the wall of the bore hole, as, for example, 
n the inside line of curvature, as indicated at 55. The 
rill pipe, with one or more reamers thereon, is readily 

lowered through the bore hole of the diameter made by 
the ‘drill bit,‘ since the total diametrical width of the 
reamer from the reaming face to the opposite side of 
the cylindrical body 9 is such that it may be lowered 
through the bore hole, as shown in FIG.‘ 6, to the place 
where the reaming is to be started. Since the drill pipe 
is riding the side of the bore hole to be straightened, the 
tension in ‘the drill pipe crowds the reaming face against 
that side of the bore hole, to start the reaming action 
when the drill pipe is rotated. The reamers may be in 
serted in the drill pipe so that they act in successive 
O rder in removing the side of the bore hole su?iciently 
to straighten the bore hole and relieve bending of the 
rill pipe. _ 
What I claim and desire to secure by Letters Patent 15: 
'1.'In a drilling apparatus, 

' va string of drill pipe, . _ 

f a drill bit on the lower end of the drill pipe for drilling 
a bore hole, 

‘ a reamer coupled into the string of drill pipe above 
the drill bit to straighten or enlarge the bore hole 

_ made by the drill bit, 
‘said reamer having a reaming face of arcuate cross 

1 section at one side of, the string of drill pipe of less 
than one-half the circumference of the bore hole to 

' _ provide‘ up?ow passages on trailing and advance sides 
' of the reamingface, and , 

diamond cutting elements set in said reaming face to 
,_ be forced into cutting contact with the wall of the 
bore hole by the drill pipe, 

said drill pipe being yieldable under a reaction thrust 
of the reaming face for absorbing shock on the 

l ' diamond cutting elements. 

. 2. In a drilling apparatus,. 
a string of drill. pipe, 
va drill bit on the lower end of the drill pipe for drilling 

a bore hole, 
a. plurality of reamers coupledinto the string of drill 

pipe at spaced locations above the drill bit to 
straighten the bore hole made by the drill bit, 

said reamers each having a reaming face at one side 
of the string'of drill pipe, and I 

diamond cutting elements set in said reaming faces to 
‘ " be forced into cutting contact with the wall of the 

bore hole, 
said drill pipe being yieldable under a reaction thrust 

of the reaming faces for absorbing shock on the dia 
mond cutting elements. - - ~ 

3. In combination,‘ 
a string of drill‘pipe, 
a drill bit on the lower end of 

ing a bore hole, 
a reamer coupled into the string of drill pipe above 

the drill bit and having a reaming face of arcuate 
cross section at one side of the string of drill pipe 
to enlarge the bore hole upon rotation of the string 
of drill pipe and to permit yielding of the drill pipe 
in a direction opposite the reaming face, 

said reaming face of arcuate cross section having a 
plurality of diamond cutting elements and channels 
in which cuttings made by the diamond cutting ele 
ments work back into the channels, and 

means for supplying drilling ?uid from the string of 
drill pipe and opening into to said channels to cool 

the drill pipe for drill 
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the diamond cutting elements and to wash the cut 
tings from the channels. 

4. A reamer for insertion in a string of drill pipe, 
said reamer including 

a generally cylindrical body having connections at the 
ends thereof for connection into the string of drill 
plre, 

said body having a lateral reaming means projecting 
from only one side of said body for contact with the 
wall of a bore hole when the reamer is in use, 

said body having a passageway connecting with the 
reaming means for diverting a portion of the drill 
ing ?uid from the drill pipe, and 

a choke in said passageway for controlling flow of 
drilling ?uid to said reaming means. 

5. A reamer for insertion in a string of drill pipe, 
said reamer including 

a generally cylindrical body having connections at 
the ends thereof-for connection into the string of 
drill pipe, 

said body having a lateral projection from only one 
side thereof to provide a reaming face of arcuate 
cross section for contact with the Wall of a bore hole 
when the reamer is in use and including an upper 
arcuate portion and a lower portion sloping down 
Wardly and inwardly toward said body, 

said reaming face having a plurality of spaced apart 
longitudinal channels and a transverse channel ex 
tending transversely of said longitudinal channels 
for distributing drilling ?uid to said longitudinal 
channels, 

said body having a passageway connecting with the 
transverse channel for diverting a portion of the 
drilling fluid from the drill pipe to said transverse 
channel, and 

cutting elements set in ridges that are formed between 
the longitudinal channels. 

‘6. A reamer as described in claim 5, 
wherein said passageway which connects with the 

. transverse channel has a choke for controlling ?ow 
of drilling ?uid into said transverse channel. 

7. A reamer for insertion in a string of drill pipe, said 
reamer including 

a generally cylindrical body having means on the ends 
thereof for connection of the reamer in coaxial align 
ment with drill pipe sections which make up the 
drilling string, 

said body-being provided with an axial bore for con 
tinuing ?ow of drilling ?uid t-hr-ough‘the drill pipe, 

‘ said body having a portion projecting laterally from 
only one side thereof to provide a reaming face of 
arcuate cross section for contact with the wall of a 
bore hole when the reamer is in use and including 
an upper arcuate portion and a lower portion sloping 
mwardly toward said body, ' 

said reaming face having a plurality of spaced apart 
longitudinal channels and a transverse channel ex 
tending transversely of said longitudinal channels in 
said upper portion for distributing drilling ?uid to 
said ‘longitudinal channels, - 

a passageway connecting the transverse channel with 
sald bore for diverting a part of the drilling ?uid 
from the drill pipe to said transverse channel, and 

cutting elements set in ridges that are formed between 
the longitudinal channels. 

8. A reamer as described in claim 7, and including 
carbide slugs closing ends of the transverse channel. 
9. A reamer for insertion ‘between sections of a string 

of drill pipe, including 
a generally cylindrical body having means at the ends 

thereof for connecting with ends of adjacent drill 
pipe sections, 

said body being provided with an axial bore for con 
tinuing ?ow of drilling ?uid through the drill pipe, 

said body having a lateral projection from only one 
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side of said body and provided with a reaming face 
of arcuate cross section for contact with the wall of 
a bore hole when the reamer is in use and including 
an upper arcuate portion and a lower portion slop 
ing inwardly toward said body, 

said reaming face portion having a plurality of later 
ally spaced apart longitudinal channels and a channel 
extending transversely of said longitudinal channels, 

said body :having a passageway connecting the trans 
verse channel with said bore for diverting a part 
of the drilling fluid from the drill pipe to said 
transverse channel, and 

cutting elements set in ridges between the longitudinal 
channels, 

said channels‘ having terminals extending through up 
per and lower marginal edges of said reaming face 
for outlet of the drilling ?uid into the bore hole. 

10. A reamer for insertion in a string of drill pipe, said 
reamer including 
a generally cylindrical body having means on the ends 

thereof for connection into coaxial alignment with 
the drill pipe sections which make up the string ‘of 
drill pipe, 

said ‘body being provided with an axial bore for con 
tinuing ?ow of d-rilling?uid through the drill pipe, 

said body of the reamer having a reduced circumfer 
ential portion, 

a powdered metal member encircling the reduced por 
tion and having a portion projecting laterally from 
only one sideof said body, 

said lateral projection being of a shape to provide a 
reaming face of arcuate cross section for contact 
with the wall of a bore hole when the rearner is in 
use and which includes an upper arcuate portion 
and a lower portion sloping inwardly toward said 
body, 

said reaming face having therein a plurality of later 
ally spaced apart longitudinal channels and .a trans 
verse channel extending transversely of said longi 
tudinal channels for distributing drilling ?uid to said 
longitudinal channels, 

said body‘ having a passageway connecting the trans 
verse channel with said bore and having a metering 
ori?ce for diverting a part of the drilling ?uid from 
the drill v'pipe to said transverse channel, and 

cutting elements set within the powdered metal along 
ridges which are formed between the longitudinal 
channels. 

11. A reamer for insertion in a string of drill pipe, said 
reanier including 

a generally cylindrical body having means on the ends 
thereof for connection into coaxial alignment with 
the ‘drill pipe sections which make up the string ‘of 
drill pipe, 

said body being provided with an axial bore for con 
tinuing flow of drilling ?uid through the drill pipe, 

said body‘ of the reamer having a reduced circumferen 
tial portion, 

a powdered metal member encircling the reduced por 
tion and having a portion projecting laterally from 
only one side of said body, 
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8 
said lateral projection being of a shape to provide a 

reaming face of arcuate cross section and including 
an upper arcuate portion and a lower portion sloping 
inwardly toward-said body, 

said reaming face having a plurality of spaced apart 
longitudinal channels and a transverse channel ex 
tending across the longitudinal channels for distribut 
ing drilling ?uid to said longitudinal channels, 

said body having a passageway connecting the trans 
verse channel with said bore for diverting a part 
of the drilling ?uid from the drill pipe‘ to said trans 
verse channel, and 

cutting elements set-within the powdered metal along 
ridges which are formed between the longitudinal 
channels, 

said longitudinal channels having terminals extending 
through upper and lower ends of said reaming face 
and having flow outlets. for holding pressure of the 
drilling ?uid and to assurev distribution of the drill 
ing ?uid to all of said channels. 

12'.v A reamer for insertion between sections of a string 
of drill pipe, including 

a generally cylindrical body having means at the ends 
thereof for connecting with ends of adjacent drill 
pipe sections, 

saidbody being provided with an axial bore for con 
tinuing ?ow of drilling ?uid through the drill pipe, 

said body having a lateral projection from only. one 
side of said body and‘ provided with a reaming face 
of arcuate cross section for contact with the wall of 
a bore hole when the rea-rner is in use and including 
an upper arcuate portion and a lower portion sloping 
inwardly toward said body, 

said reamingv face portion having a plurality of laterally 
spaced apart longitudinal channels and a channel ex 
tending transversely of said longitudinal channels, 

said body having a passagewayvconnecting the trans 
verse channel with said bore for diverting a part 
of the drilling ?uid from the drill pipe to said trans 
verse channel, 

cutting elements set in ridges between the longitudinal 
channels, I 

said longitudinal channels extending through the upper 
and lower portions of said reaming face for discharge 
of the cuttings, 

carbide slugs de?ning ends of the transverse channel, 
the advance side of said lateral projection providing a 

wiper face for cleaning oif the wall of the bore hole, 
and 

carbide inserts inset into the juncture of said wiper face 
with the reamer face. 
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