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- The present invention relates to rotary drill bits and
is particularly concerned with an improved drag bit for
drilling oil wells, gas wells and similar boreholes.

Many of the difficulties encountered with drag bits
used in the mining and petroleum industries are due to
failure of the blades at the gage surfaces. Experience
has shown that gage wear is generally severe with such
bits, in part because of continued impact of the blades
against the borehole wall and the entrapment and re-
grinding of cuttings between the gage surfaces and adja-
cent formation. Such wear resulis in a reduction in bit
diameter and promotes the formation of a rounded con-
tour at the lower end of the tool. The reduced bit diam-
cter normally produces a corresponding change in the di-
ameter of the borehole which may necessitate reaming of
the hole before the next bit can be lowered into place.
Wedging of the bit in the borehole may occur as a
result of the rounded blade contour uniess bit weight
is controlied and penetration rates are kept low. Efforts
to avoid these and related problems atiributed to gage
wear by increasing blade thickness and employing tung-
sten carbide or a similar abrasion-resistant material on
the gage surfaces have been only partially successful and
rence the use of drag bits has generally been restricted
to relatively soft, non-abrasive formations.

It is therefore an object of the present invention to

provide an improved drag bit which will wear less rapidly

at the gage surfaces than drag bits available in the past.
Another object is to reduce gage wear caused by impact
of the blades against the borehole wall and the accumula-
tion and regrinding of cuttings between the gage surfaces
and formation. A further object is to alleviate the neces-
sity for reaming the borehole and unduly restricting bit
weight during drag bit drilling operations. Still other

objects will become apparent as the invention is described
in greater detail hereafier.

In accordance with the invention, it has now been
found that many of the difficulties due to gage wear
encountered with drag bits available in the past can be
alleviated by providing laterally-projecting surfaces or
pads 1n front of the blades and mounting nozzles in the
pads near the gage edges. Studies have shown that such
pads contact the borehole wall in advance of the blades

and thus reduce impact loading. The mounting of
nozzles in the pads near the gage edges of the blades
so that the fluid discharged impinges against the forma-
tion near the lower gage corner of each blade minimizes
the entrapment and regrinding of cuttings between the
blades and formation and provides. much more effective

cleaning near the gage edges than is generally obtained

with conventional tools. Due to the rednced impact and
better entrainment of cuttings adjacent the blades, the
rate at which gage wear occurs is significantly reduced
and hence the difficulties outlined above are io a large
extent avoided. | -

The nature and objects of the invention can best be
understood by referring to the following detail descrip-
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tion of a preferred embodiment of the improved drag
bit and to the accompanying drawing, in which:
- FIGURE 1 is a vertical elevation, partially in section,
of a drag bit provided with pads containing nozzles
mounted in front of the blades near the gage edges;

FIGURE 2 is a vertical elevation of the bit shown In
FIGURE 1 rotated 20° about the longitudinal axis; and,

FIGURE 3 is a bottom view of the bit shown in
FIGURES 1 and 2 of the drawins. - |

The bit depicted in FIGURE 1 of the drawing includes
a holiow body member 1% consiructed of steel, cast iron
or similar material. The body member is of generaily
cylindrical shape and includes a standard A.P.L tool joint
box 12 near the upper end to permit its connection to
the lower end of a rotary drill siring. Other connecting.
means may be used in licu of an A.P.IL tool joint if
desired. The lower portion of the body member is
provided with lateral projections or pads 13 and 14,
only one of which appears in FIGURE 1. FEach pad
projects outwardly from the body member through a -
horizontal angle of from about 15° to about ¢0° and
extends vertically from a point near the bottom of the
body to a point about midway between the bottom and
the lower end of the tool joint. Pads extending through
an angle between about 15° and abouf 45° are generally
preferred. The leading faces of the pads, indicated by
reference numerals 15 and 16, preferably extend radially.
from the body as shown in FIGURE 3 in order to prevent
wedging of cuttings between the pads and the borehole
wall. The upper end of each pad may slope backwardly

~ to produce a spiral configuration if desired. The pads
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may be cast or machined as integral parts of the body,
may be produced separately and then welded in place
as shown, or may be fabricated with and attached as
parts of the blades of the bit.

The gage surfaces of the pads on the bit shown are
hard surfaced with tungsten carbide or a similar abrasion-
resistant material indicated by reference numerals 17
and. 18 in order to reduce gage wear. The tungsten
carbide or other hard metal may be applied to the pads
with a torch or may be bonded in place by infiltration
or a similar technique. Inserts 19 of sintered hard metal
carbide or similar material are embedded in the gage
surfaces to further increase resistance to abrasion.

Blades 20 and 21 are connected to and depend from
body member 11 adjacent the pads. As indicated in
FIGURES 2 and 3 of the drawing, each blade is mounted
at the rear of a pad and projects outwardly to the gage
surface of the pad. The blades shown are cast or
machined to fit closely against the body and pads and are
welded in place. Alternatively, each blade and the cor-
responding pad may be fabricated as an integral unit and
the entire structure may then be welded or otherwise

mounted in the proper position on the body member.

The blades shown are stepped across the bottom and are

thus provided with lower cutting edges 22 and 23, inter-
vening cutting edges 24 and 25, and upper cutting edges
26 and 27. This results in the maintaining of a stepped
core below the body which assists in centering the bit in
the bore hole and generaily promotes smoother operation.
The rear surface of each blade is preferably tapered
above each cutting edge in order to reduce the blade
area in contact with the formation at the bottom of the
borehele and thus permit higher arilling rates than might
otherwise be obtained. | -
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The leadlng faces ef the blades on the b1t shewn in
'-_the drawing are hard surfaced with a binder metal 28 -
~ containing particles 29 of tungsten .carbide, a tungsten -
~carbide alloy, or a similar abrasion-resistant:material pref--
_erably having a Rockwell A hardness in excess of about
85. A variety of metallic binders may be emnloyed in-
eopper—mekel-tm alloys,
-'COPPEI-HICKEI-maH“anese alloys, iron-carbon alloys, iron-
- nickel-manganese alloys, S-monel and the like. Powdered

10_

- cluding copper-nickel alloys, -

~ tungsten carbide or similar hard metal granules may . be

ja,tSQﬁé‘iO R

- blade.

._-Z.-_:added to the matrix metal to increase its strength and

~ abrasion resistance. The hard metal particles on the faces
" of the blades shown are 1rregnlarly-shaped particles or
- chips of tungsten carbide or the like ranging between about
The. gage edges are hard
_'_snrfaeed with similar materlal and in addition contain - -
" cubes of sintered tungsten carbide 30 embedded in a regu-

lar pattern on the lower portions of the blades in order
Embedded dla-.'_ '

‘14 and about 3¢ inch in size.

- to further increase abrasion resistance.
monds may also be employed on the gage edges.

~ Nozzles 31 and 32 are mounted in the lower surfaces
"Each nozzle is. located -
in a passageway 33 which extends from the 1nter10r 34
- of the body to an epemng in the pad near the gage edge.
| These passageways are preferably'f_

lined with tnhes 35 of tungsten carbide or.the like in
- order to reduce erosion by the drilling fluid. ~The nozzles

- are made of similar erosion-resistant material and may be
~drill- strmg, said body mclndmg a plnrahty of laterally

of the pads in-front of the blades.

_of the adjacent blade.
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~ either welded in place as shown or secured by means of -

snap rings, pins or other members which fit into recesses -
‘in the body adjacent the outer surfaces of the nozzles.
- The use of replaceable nozzles held in plaee by snap rings
or the like permits nozzle changes in.the field and:is-
~ therefore preferred.  The nozzle axes extend in a sub-

~ stantially vertical direction toward points a short dlstanee 8

in front of the blades near the lower: gage corners.

'_‘;_'_-rdlscharged from the nozzles- thus passes. snhstant1ally > )
- parallel to the face and gage surfaees of the blades and
- impinges aga1nst the fermatlen ad]aeent the enter step 40
. The bit shown in the drawmg may be. utillzed W1th a
.';_'-"eenventtenal rotary. drill string and ordinary surface
- equipment..  The bit is connected to the lower edge of the
~odrill Stl‘lnﬂ' and lowered into the borehole in the usunal
- _.mannel

the string and returned through the annulus between the

- of each blade.

Drilling fluid is circulated dewnwardly threngh'

‘drill string and the borehole wall. Once circulation has

been established; drilling is commenced by rotating the
. string from the surface During normal operatlen the bit |

. runs smoothly in the borehole. The large area presented

~ to the borehole wall by each of the pads limits the lateral

- dnllmg action of the blades and prevents the drilling
- of an oversized hole.
- gage wear of the blades. -

wardly in a direction substantially parallel to the gage

-The: pads. also assist in mmnmzmg
Drilling fluid discharged down--

-gage edge of the blade may result. |
. of the blades on the bit of the invention avoid this. As -
‘the bit tends to pivot about one blade, the pad on the
_opposite side of the body contacts the borehele wall
‘before contact is made by the gage edge of the opposing

| “Once the pad strikes the wall, the embedded blade
s dlsledged and normal rotation of the bit continues. -
High impact loadings Wthh are ltkely to damage the face

and gage surfaces of the blades on a cenventmnal drag blt :

are thus avoided. L .
Tt will be apparent from the foregemﬂ' that the pads -

- and nozzle arrangement described serve to stabilize the
'-_blt reduee gage wear, ‘minimize fracturing of the gage
surfaces due to high nnpaet loadings, permit. more ef- - .

fective cleanlng of cuttings from beneath the bit, and pro-
 vide smoother operation than'can generally be obtained

" with conventional drag bits. |
scribed in terms of a twe-way drag bit provided with -
_d1ametrlcally ‘opposed pads but is equally applicable to -
- three-way and four-way drag bits.
~ to bits provided with extensible blades
- tions and modes of construction utlhzmg pads contamlng' |
- nozzles mounted in. front of the blades near the. gage-
5 edges will be- apparent te these skﬂled 1n the art

' ) . i - - . " .ot \ . ) . ' - : '- ) \

'Fi‘.aeturing of theuhaid-suifaemgrmatelial' on the face or

" The invention has been de-

It may also be applied
Various modifica-

What is claimed is:

1A retary drag b1t eompnsmg 2 hellew bedy prowded .
'Wlth means for connecting said bit to the lower end of a

projecting pads extending .part. way about the body at

 spaced intervals and extending longitudinally from points

near the bottom of said-body to intermediate points there-- |

~on; blades connected to and depending from said body

45 S
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~ surfaces and the faces of the blades prevents the entrap-

ment of cuttings between the gage surfaces and borehole - -
The cnttmgs dislodged by the blades are enfrained.

wall,
" in the fluid jetted-against “the formation and are carried
upwardly around the pads projecting in fr ont of the blades.
This prevents the accumulation of euttmgs ad]acent the

upper sections of the blades and reduces the normal tend-
‘The .

| are prmnded with erosion-resistant liners. |
6. A bit as deﬁned by elaun 4 Wherem sald pads are |

| ency of drag bits to “ball up” at ]:ugh dr111mg rates.

- jetting effect of the flnid against the outer section at the
~‘bottom of the borehole where drilling is normally most

difficult also nnproves the cutting action of the hard metal

| pa1t1eles on the face ef the blades and nnpreves the drﬂl-

'_ ing rate..

Due to the presence of dippmg strata at the bottem
70

of the borehole or for other reasons, one blade of the bit
will sometimes tend to penetrate . more deeply into the
~ formation than does the other and the bit will therefore
- tend to pivot about the more deeply embeded blade. - This
normally- leads to a sharp impact between the face or
- gage edge of the oppesmg blade- and the horehele wal]
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| "_fpads has a

- behind said pads, said. blades including gage. ‘edges lat-
s erally coextensive with said pads; and a plurahty of
nozzles mounted in said pads in front of said blades,
_said nozzles communicating with the interior of said
- body and each nozzle being mounted in a substanually- S
vertical position - in- front ef a blade near the gage sar-.

face thereef o
2. Abitas deﬁned by elalm 1 Wherem eaeh of sa1d pads

extends from about 15° to about 90° about said body.

"The pads in front .

3. A bit as- deﬁned by claim 1 wherein each of. said S

from  points near the lower end of said body to. points

- near the middle of said body-and eaeh of said pads con- .
 taining a passageway for conveying fluid from within =~
said ‘body to an outlet near the outer surface of said

pad; blades connected to and depending from said body

- at the rear of said pads, said blades including gage edges
- extending outwardly adjaeent the outer surfaces of said
- 'pads; and a nozzle located in the outlet in each. of said
o Dbads, said nozzle being mounted in a substantially verti= -
- cal position Whereby fluid may. be directed dewnwardly |
~ in front of a blade near the gage surface thereof.

leadmg face e‘;tendmg from sald bndy ina
~ substantially radial direction.
4.-A rotary drill bit eompnsmg a hollow bedy memher

provided with means for connecting said member to the
lower end of a drill string, said body member including =~
Ca plurahty of laterally projecting pads extendmg through
50 horizontal angles of from about 15° to about 90° at -
" spaced intervals about the body and extending vertically

‘5. A bitas defined by claim 4 wherein said passageways'_? | -

~ welded in plaee

75

7.. A rotary- drill h1t cemprlsmg a. hellow bedy mem-

| '-_”ber prewded with means near. the upper end thereof for
 connecting - said member to the lower end of a drill
‘string; a plurality of pads pm]eetmg outwardly from said
body member at intervals about said member, said pads .
- extending vertically from points near the lower end of
" said member to intermediate points thereon, and said body
member and pads contalnmg passageways extendmg from
1emher to eutlets m the lower sur-

the mtermr of sald
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faces of said pads near the outer edges thereof; n{}zzles
located within the outlets of said passageways in said
pads, the axes of said nozzles extending downwardly- to-
ward the oufer part of the formation beneath said bify
and a plurality of biades attached to and depending from

said body member and pads, said blades including gage

surtaces extending outwardly adjacent fo the outer sur-

faces of saild pads and each blade extending downwardly
‘adjacent to and behmd a nezzle |
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