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The present invention relates to subsurface well bore 
appar-atus, and more particularly to apparatus for milling 
away liners, casings, and similar conduit strings, while 
disposed in well bores. 

Milling apparatus for cutting and milling away conduit 
strings in well bores have been proposed, the apparatus 
including circumferentially spaced sets of longitudinally 
aligned blades or blade segments separated from one an 
other by a gap or slot, so that .a worn blade or segment 
breaks off near the end of its useful life and can be circu 
lated out of the well bore. The laligned blade or segment 
there/above is then spaced above the end of the conduit 
string by a distance at least equaling the longitudinal ex 
tent of the gap or slot. It cannot come into play to per 
form its milling action on the conduit string until other 
circumferentially spaced blades of the apparatus have 
been worn away sufficiently to allow lowering of the ap 
paratus along the conduit string. As a result, only some 
of the circumferentially spaced blades are sometimes ef 
fective for milling action on the conduit string, retarding 
the rate of milling land also tending to decrease the use 
ful life of the entire apparatus. It is also a fact that the 
aligned blade or segment above the severed part initially 
therebelow is not immediately eifective to mill away the 
conduit string upon engaging it, since it, »at ñrst, tends to 
slide around the conduit string unitl a sharp leading blade 
edge is formed by the abrading action of the conduit 
string on its lower end. The necessity for the sharp lead 
ing blade edge to be formed also increases the time re 
quired to mill away the conduit string. 

Accordingly, an object of the ypresent invention is to 
provide milling ‘apparatus for cutting away a conduit 
string disposed in a well bore, which is capable of per 
forming its milling action in a more rapid manner, and 
which possesses an increased effective life. 

Another object of the invention is to provide milling 
apparatus for cutting away a conduit string disposed in a 
well bore «and which includes longitudinally aligned cut 
ter blades or blade segments, there being a sharp cutting 
edge or portion on an upper blade or segment immediate 
ly available for action upon the conduit string after a 
lower blade or segment has worn away or broken off. 
A further object of the invention is to provide milling 

apparatus for cutting away a conduit string in a well bore 
and which includes longitudinally aligned blades or seg 
ments, there being hardfacing material available for 
milling `action on the conduit string disposed across the 
slots, grooves or gaps separating the blades or segments, 
thereby increasing the milling life of the tool and dimin 
ishing the time required to mill away a desired length of 
the conduit string. 

This invention possesses many other advantages, and 
has other objects which may be made more clearly ap 
parent from a consideration of several forms in which it 
may be embodied. Such forms are shown in the drawings 
vaccompanying and forming part of the present specifica 
tion. These forms will now be described in detail for 
`the purpose of illustrating the general principles of the 
invention; but it is to be understood that such detailed 
description is n_ot to be taken in a limiting sense, since 
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the scope of the invention is best deñned by the appended 
claims. 

Referring to the drawings: 
FIGURE l is a side elevational view, the parts broken 

away, or" a milling apparatus disposed in a well bore and 
operating lupon a conduit strin-g located »therewithim 
FIG. 2 is an enlarged longitudinal section of a portion 

of the yapparatus disclosed in FIG. l, after part of the 
apparatus has worn away ythrough use; 
FIG. 3 is a cross-section taken along the line 3-3 on 

FIG. l; 
FIG. 4 is a side elevational view of a modified form of 

milling apparatus; 
FIG. 5 is a side elevational view of still another em 

bodiment of the invention; 
FIG. 6 is a side elevational view of still another species 

of the invention. 
In the form of invention illustrated in FIGS. 1 to 3, 

inclusive, the apparatus A is a milling tool embodying a 
tubular body 10 having an upper threaded connection 
1l, such as -a threaded box, for threaded attachment to 
the companion pin end 12 of a string of drill pipe B ex 
tending to the -top of the wel-l bore C. The milling ap 
paratus is particularly designed for milling or cutting 
away a tubular string D disposed in the well bore, such as 
a string of casing, liner or tubing. The tubular body 10 
has a central passage 13 therethrough for receiving drill 
ing fluid pumped down the drill pipe B, this duid dis 
charging through one or more ports or nozzles 14 in a 
lower pilot bit portion or guide 15 integral with the body 
1t), carrying the cuttings from the drilling region 11p 
wardly through the annulus E -around the drill pipe to the 
top of the well bore. The pilot or guide portion 15 pref 
erably has an effective diameter slightly less than the 
inside diameter of the conduit string D to be disintegrated, 
in order to appropriately center the tool A therewithin. 
The tubular conduit D, such as a liner or casing, is 

milled away by the action of circumferentially spaced sets 
of cutter blades 16 integral with or otherwise suitably 
secured to the body 10 of the tool and extending generally 
radially thereof. Each set 16 preferably includes a plu 
rality of longitudinally aligned blade elements or seg 
ments 17, 18, adjacent segments being separated by a 
transverse gap, slot or groove 19, which may be inclined 
in an upward and inward direction from the outer longi 
tud-inal surface 20 of each blade toward the axis of the 
tubular body. In effect, each set 16 constitutes a single 
blade separated into segments 17 or 18 by the gaps, slots 
or grooves 19. Each blade 16 merges into a rib or pilot 
portion 21 that will conform closely to the inner wall of 
the tubular conduit D to be milled away, in order to assist 
in centering the tool with respect to the tubular conduit 
string. Above the centering portion 21 is the lowermost 
part 22 of each blade, which also preferably tapers up 
wardly and inwardly, and which is adapted to engage the 
upwardly facing end F of the tubular conduit to perform 
a milling action thereon. 
The leading face 23 of each set of blades is hardfaced 

by welding or brazing suitable hardfacing material 24 
thereto. The hardfacing material may, by way of ex 
ample, be sintered tungsten carbide particles, tungsten 
carbide, titanium carbide, or the like, which are welded, 
brazed or otherwise deposited on the leading faces in a 
known manner, and which extend from the lowerrnost 
ends 22 of the milling blade members preferably to their 
uppermost ends 25. The lowermost ends 22 of the blade 
16 all lie in the sarne position, that is, circumferentially 
aligned, so as to be capable of simultaneously operating 
upon the upper end F of the tubular conduit D Fbe 
disintegrated. 

In the operation of the apparatus A, it is lowered in 
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the well bore on the lower end of the string of drill pipe B 
until the pilot or guide porti'on 15, 21 enters the tubular 
Conduit D and the lower ends 22 of the blades 16 engages 
the upper end F of the tubular conduit. The drill pipe B 
and the apparatus A are then rotated at a proper speed, 
suitable drilling weight ̀ being imposed on the apparatus 
to force the lower ends 22 of the blades against the upper 
end F of the tubular member. The hardfacing material 
24 on the leading faces 23 of the blades acts upon the steel, 
or other material, of which the tubular string is made and 
reduces the same to cuttings, the cuttings being carried 
away by thedrilling mud or other drilling iluid pumped 
down the drilling string B and through the central passage 
13 of the> apparatus body 10, discharging from the ports 
and nozzles 14. The mud and cuttings ñow upwardly 
through the arcuate spaces between the circumferentially 
spaced blades 16 and then around the drill pipe B to the 
top of the well bore C. 
The blades 16 cut the tubular conduit D away in a 

downward direction. As milling away of the tubular con 
duit D proceeds, the latter itself cuts longitudinal grooves 
30 in the blades 16. Since the cutter blades have the 
hardfacing material 24 applied to them over substantially 
the entire surface of their leading faces 23, there is always 
hardfacing material on a blade available for action upon 
the upper end F of the tubular conduit. As the tubular 
conduit D cuts substantially through a blade segment 17 
or 18, the outer part 31 of such segment breaks off or 
away (FIG. 2). However, it is of insufficient size to 
interfere with the continued milling action of the appa 
ratus on the tubular conduit D and will be flushed by the 
drilling iluid in >an upward direction around the dr-ill pipe 
B to the top of the well bore C. As each segment 17 or 18 
breaks away,_ the next segment or blade element there 
above engages the upper endF of the conduit string and 
will continue the milling action upon the conduit string 
to cut it away in a downward direction. 

In the form of invention illustrated in FIGS. 1 to 3, 
the gaps, slots or grooves 19 in the longitudinally extend 
ing blade sets 16 are staggered with respect to one another,> 
so that when one blade segment, such as segment 18, is cut 
away by the action of the conduit string, a blade segment 
of another set, such as segment 17, circumferentially 
spaced therefrom, is still effective for operation upon the 
conduit string. The blades 16 of the apparatus, therefore, 
will not tend to flare the conduit string outwardly, which 
would interfere with continued disintegration of the latter 
by the milling apparatus A. Such a general arrangement 
is illustrated and described in Patent No. 2,855,994, to 
Archer Vl. Kammerer, Jr., patented October 14, 195 8, 
for “Milling Apparatus.” Although the milling apparatus 
illustrated inthe patent is very effective in milling away 
a conduit string, such as a liner disposed in a well bore, 
the` longitudinal gap or space 19 between aligned blade 
segments 17 or 18 means that an upper segment cannot 
begin its milling operation after a lower segment has been 
worn away and removed until a sufñcient length of the 
conduit string has been milled away by other blades and 
longitudinal grooves Si) worn therein as to bring the 
lowermost end of an upper segment into contact with the 
conduit string. Moreover, it is found that the lower ends 
of the upper segments may not be sharp and immediately 
effective to perform a milling action on the conduit string. 
The body of metal of a blade V16, which is normally steel, 
must first be worn away by the upper end F of the conduit 
string before the hardfacing material 24 is in a sharp 
state, to begin its cutting action on the conduit string. 
The aforenoted difficulty is overcome in the present 

case by extending the hardfacing material 24 applied to 
the leading face 23 of each blade 16 across the slot or 
vgroove 19 between aligned blade segments. Thus, as a 
lower segment 17 or 1S breaks away, suflicient hardfacing 
material 24a still adheres to an upper segment that was 
aligned therewith, and depends below the body metal of 
`the upper segment as to, in elîect, bridge the gap, groove 
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4 
or slot 19 and be promptly effective for accomplishing a 
milling action upon the upper end F of the liner D, or 
other conduit string. Moreover, since the hardfacing 
material 24a is extending below the body metal of the 
blade, which is usually steel, it is in a sharp condition and 
promptly effective for disintegrating the conduit string D. 
As the conduit string wears the groove 30 upwardly 
through the depending hardfacing material 24a, it will 
eventually engage the body metal of the segment there 
above and continue to wear such body metal away to a 
greater extent than the hardfacing material, since the body 
metal is softer. The hardfacing material 24 always ex 
tends slightly below the body metal, presenting a sharp 
cutting surface for action upon the upper end F of the 
conduit string. 

rThe form of invention disclosed in FIG. 4 is substan 
tially the same as shown in FIGS. 1 to 3, inclusive. How 
ever, the transverse slots or grooves 19a do not extend 
completely through the body metal of each blade 16, in 
order to separate it into aligned segments 17 or 18. In 
stead, each groove or slot 19a extends from the trailing 
face 40 of each blade 16 toward its leading face 23, but 
not completely across the entire thickness of the blade, 
leaving a weakened section or bridging portion 41 be 
tween adjacent sections 17, 17 or 18, 18 to which the 
hardfacing material portion 24a is welded, brazed, or 
otherwise suitably attached. The weakened section 41, 
which, for example, may be of the order of an eighth of 
an inch in thickness, will have insufficient strength to pre 
vent a lower segment lfrom breaking off after it has been 
substantially completely cut through by the action of the 
liner D, or other conduit string. However, after it does 
break oif, there will be hardfacing material 24a adhering 
to the weakened section 41, which can act upon the upper 
end F of the tubular'~ conduit string and assist in cutting 
it away as the result of rotation of the apparatus A by 
the string of drill pipe B and the imposition of suñicient 
drilling weight thereon. The weakened section 41 pro 
vides a backing for the hardfacing material 24a and as 
sures that such hardfacing material will depend below 
the main body of the >blade segment or section above and 
adjacent to the one broken away, being available and 
effective >for action upon the conduit string D. Thus, a 
portion 41 of the longitudinally extending blade across 
its gap, slot or groove 19a is available for action upon 
the conduit string, in order that all of the blades 16 are 
always acting upon the conduit string, even when the 
upper end of the latter is disposed in the region of the 
slot or groove 19a of a blade. Moreover, the upper sec 
tion of a blade is immediately in a sharp condition for 
prompt milling action on the upper end F of the conduit 
string disposed in the well bore C. 

In the form of invention disclosed in FIG. 5, the slots 
or grooves 19e in each longitudinally aligned set of blades 
16a all lie in the same transverse position, or in circum 
ferential alignment, rather than being staggered as dis 
closed in FIG. 1. The hardfacing material 24a on the 
leading faces 23 of each blade set still extends across the 
slots, grooves or gaps 19C. Upon the Wearing away or 
breaking offl of a lower segment, such hardfacing material 
24a will still extend below the lower end ofthe next ad 
jacent upper segment 17a and is capable of immediate 
action upon the inner or other conduit string D. 
The embodiment of invention shown in FIG. 6 is essen 

tially the same as illustrated in FIG. 4, in that the slots 
4or grooves 19d do not 'extend completely through each 
blade set 16 to separate it into aligned segments 17a. 
Instead, each slot or groove 19d extends from the trail 
ing face 40 substantially to its leading face 23 leaving a 
lrelatively thin weakened section 41 integrating the seg 
ments of the body. The hardfacing material 24, how 
ever, is disposed on the leading faces of all of the seg 
ments 17a and also on the leading face of the intercon 
necting weakened portions 41. ‘In FIG. 6, the slots or 
grooves 19d in the sets of blades are not staggered with 
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respect to one another, as illustrated in FIG. 4, but lie 
in the same transverse positions. In all respects, how 
ever, the milling apparatus of FIG. 6 operates in the 
saine manner as the milling apparatus illustrated in 
FIG. 4. 

I claim: 
1. In apparatus for milling away a tubular conduit dis 

posed in a well bore: a tubular body adapted to be se 
cured to a drill string and having a fluid passage therein; 
longitudinally aligned cutter blade segments separated 
from each other by a slot of substantial axial extent and 
carried by and extending generally radially outwardly of 
said body for operation upon an upwardly facing end por 
tion of the tubular conduit; a bridging portion integral 
with said blade segments and extending across said slot 
at the leading faces of said segments; said bridging por 
tion being substantially thinner than said blade segments 
to provide a weakened section between adjacent segments 
adapted to break and disconnect the outer portion of a 
lower segment from the upper segment after said lower 
segment has ben substantially completely cut through by 
the tubular conduit; and hardfacing material on the lead 
ing faces of said segments and on the leading face of 
said bridging portion. 

2. In apparatus for milling away a tubular conduit dis 
posed in a well bore: a tubular body adapted to be se 
cured to a drill string and having a fluid passage therein; 
sets of circumferentially spaced cutter blades carried by 
and extending generally radially outwardly of said body 
for operation upon an upwardly facing end portion of 
the tubular conduit; each set comprising longitudinally 
aligned blade segments separated from one another by 
a slot of substantial axial extent; a bridging portion in 
tegral with said segments in each set and extending across 
said slot of each set at the leading faces of said segments; 
each of said bridging portions being substantially thinner 
than said blade segments to provide a weakened section 
between adjacent segments adapted to break and discon 
nect the outer portion of a lower segment from the upper 
segment after said lower segment has been substantially 
completely cut through by the tubular conduit; and hard 
facing material on the leading faces of said segments and 
on the leading face of each of said bridging portions. 

3. In apparatus for milling away a tubular conduit 
disposed in a well bore: a tubular body adapted to be 
secured to a drill string and having a iluid passage there 
in; sets of circumferentially spaced cutter blades carried 
by and extending generally radially outwardly of said 
body for operation upon an upwardly facing end portion 
of the tubular conduit; each set comprising longitudinally 
aligned blade segments separated from one another by 
a slot of substantial longitudinal extent to provide a wide 
gap therebetween; and hardfacing material on the leading 
faces of said cutter blades and extending substantially 
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6 
across said slots; the slots separating the blade segments 
of one set being longitudinally offset with respect to the 
slots separating the blade segments of an adjacent set. 

4. ln apparatus for milling away a tubular conduit dis 
posed in a well bore: a tubular body adapted to be secured 
to a drill string and having a fluid passage therein; sets of 
circumferentially spaced cutter blades carried by and ex 
tending generally radially outwardly of said body for 
operation upon an upwardly facing end portion of the 
tubular conduit; each set comprising longitudinally 
aligned blade segments separated from one another by 
a slot of substantial axial extent; a bridging portion in 
tegral with said segments in each set and extending across 
said slot of each set at the leading faces of said segments; 
each of said bridging portions being substantially thin 
ner than said blade segments to provide a weakened sec 
tion between adjacent segments adapted to break and 
disconnect the outer portion of a lower segment from 
the upper segment after said lower segment has been sub 
stantially completely cut through by the tubular conduit; 
and hardfacing material on the leading faces of said seg 
ments and on the leading face of each of said bridging 
portions, the slot separating the blade segments of one 
set being longitudinally oifset with respect to the slot 
separating the blade segments of an adjacent set. 

5. In apparatus for milling away a tubular conduit dis 
posed in a well bore: a tubular body adapted to be se 
cured to a drill string and having a fluid passage therein; 
sets of circumferentially spaced cutter blades carried by 
and extending generally radially outwardly of said body 
for operation upon an upwardly facing end portion of 
the tubular conduit; each set comprising longitudinally 
aligned blade segments separated from one another by 
a slot of substantial axial extent; a bridging portion in 
tegral with said segments in each set and extending 
across said slot of each set at the leading faces of said 
segments; each of said bridging portions being substan 
tially thinner than said blade segments to provide a weak 
ened section between adjacent segments adapated to break 
and disconnect the outer portion of a lower segment 
from the upper segment after said lower segment has 
been substantially completely cut through by the tubular 
conduit; and hardfacing material on the leading faces of 
said segments and on the leading face of each of said 
birdging portions, the slot separating the blade segments 
of one set being circumferentially aligned with the slot 
separating the blade segments of an adjacent set. 
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