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6 Claims. (C. 166-55.8) 

This invention relates to a subsurface well bore ap 
paratus. 

In operations in subsurface well bores, as, for example, 
those conducted in connection with drilling of oil wells, 
apparatus are frequently utilized in which working mem 
bers or arms occupy a retracted position while the appa 
ratus is lowered through the well bore and are subse 
quently expanded radially outwardly for use at a selected 
depth. Such a structure enables free passage down the 
well bore and operative expansion of the arms at the 
selected depth. Examples of such apparatus include de 
vices known as milling cutters and hole enlarging de 
vices. In the type of milling cutter commonly called a 
section mill, for example, the arms of the mill are ex 
panded outwardly at the selected depth both to cut 
through a tubular conduit or casing in the well bore, and 
to mill a section of the casing to form an open section 
or "window.' Similarly, in hole enlarging devices, the 
arms of the apparatus occupy a retracted position as the 
apparatus is lowered through the well bore or casing, and 
are then expanded radially outwardly at the selected 
depth to enlarge the well bore by cutting action. 

in the use of tools having expansible arms, as de 
Scribed, it is desirable to provide to the surface some in 
dication by which it can be ascertained that the expansi 
ble arms have attained an expanded position. Other 
wise, if a malfunction of the apparatus or an unexpected 
obstruction within the well bore prevents expansion of 
the arms, considerable time may be expended in operation 
of the tool without fulfillment of its intended function. 
The present invention is a subsurface well bore appa 

ratus that provides a clear indication to the surface when 
ever the expansible arms have reached an expanded posi 
tion. The present invention comprises a tubular body 
which is adapted to be secured to a drill string and has 
a passage. A plurality of expansible arms are secured 
to the tubular body for movement of the arms radially 
outwardly from the body. Within the passage, a slidable 
means is provided which is movable responsive to changes 
in pressure of a fluid flowing through the passage. Move 
ment of the slidable means causes it to engage the plu 
rality of expansible arms to produce radially outward 
movement of the arms. Within the passage, an orifice is 
provided and a constricting means is disposed relative to 
the orifice to restrict flow of fluid through the orifice. 
The orifice and the constricting means are constructed 
so that movement of one relative to the other varies flow 
of fluid through the orifice. Means are provided for mov 
ing the orifice and the constricting means relative to each 
other responsive to movement of the slidable means. 

In one embodiment according to the present invention, 
the orifice is formed within a slidable means that is mov 
able responsive to applied fluid pressure. The constrict 
ing means, while disposed relative to the orifice to re 
strict flow through the orifice, is fixed in position. Move 
ment of the slidable means including the orifice upon ap 
plication of fluid pressure changes the position of the 
constricting means relative to the orifice and thereby 
changes the orifice area through which fluid is flowing. 
The change in orifice area is arranged to occur when the 
slidable means engages the expansible arms to produce 
radially outward movement of the arms into an operative 
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2 
position. The change in orifice area results in a change 
in back pressure of the fluid, which is indicated by ap 
propriate means at the surface and signifies that an ex 
panded position of the expansible arms has been attained. 
While the present invention is applicable to a variety of 

Subsurface well bore tools, it is particularly described 
herein with reference to the milling cutter known as a 
Section mill. From such a description, the applicability 
of the present invention to other subsurface tools will be 
readily apparent to those skilled in the art. 
The structure of the apparatus according to the pres 

ent invention together with its advantages and method 
of operation will become more apparent from the follow 
ing detailed description made in conjunction with the ac 
companying drawings in which: 

FIG. 1 and FIG. 1A are an elevational view, partially 
Sectioned, of the upper and lower portions, respectively, 
these being set out side by side, of an embodiment of a 
milling cutter according to the present invention, and 
show the cutter in a retracted position; and 

FIG. 2 and FIG. 2A are an elevational view, partially 
Sectioned, of the upper and lower portions of the em 
bodiment of FIG. 1 and FIG. 1A and show the embodi 
ment in an expanded position. 

In the embodiment of the invention shown in FIG. 1 
and FIG. 1A, the milling cutter is in a retracted position 
for passage down a tubular conduit or casing. A top 
Sub 10 includes an upper tool joint 12 which can be 
threadably engaged to drill pipe forming the drill string 
by which the milling cutter is lowered into the well bore. 
The top sub also includes a lower tool joint 14 thread 
ably engaged to a tubular body 16 of the apparatus ac 
cording to the present invention. A central passage 18 
extends longitudinally through the top sub for flow of 
fluid. 
The tubular body has a continuous central passage 

formed by an upper passage 20, an intermediate passage 
22, and a lower passage 24. The diameter of the inter 
mediate passage is smaller than the diameter of either 
upper and intermediate passages and a shoulder 28, as 
being formed in the tubular body at the juncture of the 
upper and intermediate passage and a shoulder 28, as 
seen in FIG. 1A, being formed in the tubular body at 
the juncture of the lower and intermediate passages. 
A flow control assembly 30 is positioned in the upper 

portion of upper passage 20, as particularly seen in FIG. 
1. The flow control assembly includes a body 32 pe 
ripherally joined as by welding to the inner wall defining 
passage 20 in tubular body 16. While the body of the 
flow control assembly may be formed in other ways, the 
body of the embodiment in FIG. 1 is formed from an 
upper cone element 34 extending upwardly into passage 
18 of the top sub and a lower element 35. A recess 36 
in the cone element mates with a bore 37 of reduced 
diameter in lower element 35 to form a shoulder 38 when 
the two body elements are joined. A stinger 39 in 
cludes a head 40 having a diameter substantially equal 
to the diameter of the recess and a cylindrical rod 41 
of reduced diameter extending downwardly from the 
head. The head of the stinger is supported on shoul 
der 38 within body 32. A cushioning coil spring 42 is 
disposed between the head of the stinger and a stopper 
44 which abuts the top inner surface of recess 36. A 
plurality of flow passages 46, formed by mating passages 
in the cone and lower elements, extend through the body 
32 to provide flow communication between the portions 
of passage 20 above and below the body of the flow 
control assembly. 
A piston assembly 48 disposed in the passage of the 

tubular body, as is hereinafter described, includes a piston 
head 50 and a piston stem 52. The piston head includes 
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an upper piston packing 54 secured to the head by a ring 
56 and retaining screws 58. A lower piston packing 59 
is positioned in a peripheral recess 60 of the piston head. 
The piston stem has a diameter Such that it is slidably 
movable within the intermediate passage of reduced 
diameter in tubular body i6 and is joined at its upper 
end within the upper passage to the piston head. The 
lower end of the piston stem extends, as is shown in FIG. 
1A, into lower passage 24 of the tubular body. A çom 
pression spring 61 is placed around the portion of piston 
stem 52 in upper passage 20 so that the spring is com 
pressibly positioned between the lower surface of piston 
head 56 and shoulder 26 formed in the tubular body. 
As shown in FIG. 1A, a cam 62 is threadably fitted to 

the lower end of the piston stem and is retained in place 
by a cam lock nut 64. The diameter of the cam is Sub 
stantially equal to the diameter of lower passage 24. So 
that it is slidably movable therein. The piston assembly 
has a central bore 66 extending through its length. 
At the upper end of the piston assembly, bore 66 is en 

larged to accommodate an orifice assembly 68. The 
orifice assembly includes a sleeve 70 and an orifice-form 
ing member 72 defining a central orifice passage 73. The 
lower portion of the orifice passage has a diameter sub 
stantially equal to the diameter of bore 66 extending 
downwardly from the orifice assembly within the piston 
assembly. The diameter of the upper portion of the 
orifice passage gradually increases in the direction of the 
top of the piston assembly by reason of an outward di 
vergence of the orifice-forming member at its upper end. 
O-rings 74 provide a seal between sleeve 72 and the pis 
ton assembly, and O-rings 76 provide a seal between 
orifice-forming member 72 and the sleeve. 
The diameter of the lower portion of the orifice pas 

sage is slightly larger than the diameter of cylindrical 
rod 4 of stinger 39 of the flow control assembly so that 
the annular area between rod 4 and the orifice-forming 
member provides an orifice area for flow of fluids when 
the cylindrical rod extends into the lower portion of the 
orifice passage. The upper diverging portion of the ori 
fice-forming member provides a larger annular area be 
tween the cylindrical rod of the stinger and the orifice 
forming member. 
As shown in FIG. 1A, a plurality of cutter arms, of 

which two are shown and identified by reference char 
acter 78, are supported at their upper end for pivotal 
movement on hinge pins 80 retained in tubular body 6 
by pin retaining screws 84. A lug 82 is inset in a recess 
86 in the outer surface of tubular body 16 and is re 
tained therein by a screw 88 so that each lug is substan 
tially flush with the outer surface of the tubular body. 
The lug provides a bearing surface for the upper end of 
the cutter arm to absorb shock and thrust. The portion 
of each cutter arm depending from the hinge pin is ac 
commodated within a longitudinal slot 90 in the tubular 
body. A cutter blade 92 extends outwardly from the 
outer edge of each arm and includes a cutting edge 94 
and a cutting tip 96. The inner edge of each arm is 
shaped to provide a cam surface 98, and the lower end 
of each arm is notched to form an integral tab 100. 

Each cutter arm is fitted within its longitudinal slot So 
that, while movable, only a small amount of fluid leakage 
between lower passage 24 and the outside of the tubular 
body occurs even in the absence of any packing. An 
arm stop 102 is mounted in a recess 104 in the outer 
surface of the tubular body and is positioned to engage tab 
100 of each arm to limit the radially outward movement 
of the cutter arm. The arm stop is secured to the tubu 
1ar body by screws 106. 
The milling cutter according to the present invention is 

shown in FIG. 1 and FIG. 1A in the position in which 
spring 61 biases the piston assembly so that the upper 
surface of cam 62 abuts shoulder 28 of the tubular body. 
Cam 62 is not in engagement with cam surfaces 98 of 
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4 
the cutter arms and the cutter arms are in a retracted 
position with the cutter blades being substantially within 
the outer circumference of the tubular body. In this po 
sition of the piston assembly, the length of cylindrical rod 
41 of the stinger is such that it extends within the orifice 
passage into its lower portion of reduced diameter. 
As the milling cutter is lowered through the casing, no 

fluid pressure is applied and the elements of the cutter 
remain in the position shown in FIG. 1 and FIG. 1A. 
When the selected depth is reached, fluid pressure is ap 
plied by surface pumps to pump a fluid, such as gas, Water 
or drilling mud, through the drill string and into passage 
18 of the top sub. The pumped fluid then passes through 
openings 46 of the flow control assembly, the lower por 
tion of passage 20, and through the orifice area in the 
orifice passage as defined by cylindrical rod 41 of stinger 
39. The fluid passing through the orifice area then Suc 
cessively flows through bore 66 of the piston assembly, 
lower chamber 24 of the tubular body, and leaves the 
milling cutter through its open bottom end. The orifice 
area between the cylindrical rod and the orifice passage 
produces a flow restriction which results in a pressure 
differential between the top and bottom ends of piston as 
sembly 48. This pressure differential produces a down 
ward movement of the piston assembly, as will hereinafter 
be described in greater detail. 

FIG. 2 and FIG. 2A show the embodiment of the mill 
ing cutter of FIG. 1 in the position where the cutter arms 
have reached a fully expanded position. The elements 
of the apparatus shown in FIG. 2 and FIG. 2A are iden 
tical to those which have been described with reference 
to FIG. and FIG. 1A, and the same reference char 
acters are used to designate these elements. 

Pumping of fluid from the surface, as previously de 
scribed, produces a pressure differential which moves 
piston assembly 48 downwardly against resistance of 
spring 61. The downward movement of the piston assem 
bly causes cam 62 to engage cam surfaces 98 of the cutter 
arms whereby the cutter arms are moved radially out 
wardly from the tool body to engage the casing for cut 
ting and milling. In the position of the arms shown 
in FIG. 2A, the arms are fully expanded and have cut 
through the casing. Rotation of the drilling tool results 
in milling of the casing. In the position shown in FIG. 
2A, the cutter arms have been expanded the maximum 
radially outward distance and have engaged stops 102 
which limit further outward movement. 
The downward movement of the piston assembly in 

cluding the orifice assembly causes the stationary cylin 
drical rod of stinger 39 to be withdrawn from the lower 
portion of the orifice passage. The end of the cylindrical 
rod reaches a position within the portion of the orifice 
passage having an enlarged diameter, as shown in FIG. 2. 
The orifice area defined by the annular area in the new 
position of the cylindrical rod within the orifice-forming 
member is enlarged so that a larger volume of fluid 
passes through the orifice area. A decrease of fluid 
back pressure thereby occurs. 
The length of the portion of the orifice passage of re 

duced diameter relative to the length of the cylindrical 
rod is such that the lower end of the cylindrical rod is 
within the portion of increased diameter of the orifice 
passage at the time when the cutter arms have reached 
the fully expanded position shown in FIG. 2A. The re 
duction in back pressure resulting from the change in 
position of cylindrical rod 4 within the orifice passage 
from the position shown in FIG. 1 to the one shown in 
FIG. 2 is registered at the surface and thereby signals 
that the arms have reached a fully expanded position. 
An advantage particularly applicable to milling cut 

ters is accrued in that a larger volume of fluid is obtained 
for removal of cuttings at the time when milling of the 
casing is commenced. While cutting of the casing in a 
lateral direction is underway, a higher pressure differ. 
ential across the piston assembly results together with 
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a smaller volume of fluid flow through the orifice area. 
When the lateral cutting of the casing has been com 
pleted and downward milling is commenced, a larger 
fluid volume flows through the orifice area and a signifi 
cant decrease in back pressure is obtained. 
A further feature of the embodiment according to the 

invention shown in the drawings lies in the use of a "flat' 
106 on each of the cutter arms. The length of the flat 
is correlated to the length of the orifice passage of en 
larged diameter so that whenever an oscillation in pump 
pressure causes cam 62 to be disengaged from the flat, 
as when the cam is raised into engagement with cam 
surface 98, the flow assembly is in a full "choke' posi 
tion. In this position, cylindrical rod 41 of the stinger 
is within the lower portion of the orifice passage and a 
high pressure differential is obtained. This feature is ad 
vantageous since a corrective response to oscillation in 
pump pressure is obtained by which the arms are main 
tained in a fully expanded milling position. 

Various modifications may be made within the scope 
of the invention as herein described. As one example, 
a separate orifice area may be provided relative to which 
an inverted stinger including a cylindrical rod is made 
movable by attachment to the piston assembly. This and 
other modifications by which the relative movement of 
the orifice assembly with respect to a constricting means 
is achieved become apparent in the light of the invention 
herein disclosed. 
We claim: 
1. A subsurface well bore apparatus comprising: 
(a) a tubular body adapted to be secured to a drill 

string and having a central passage; 
(b) a plurality of expansible arms secured to the tubu 

lar body and adapted to occupy a retracted position 
and an expanded position; 

(c) slidable means movable within the passage respon 
sive to changes in pressure of a fluid passing through 
the passage to engage the plurality of expansible 
arms to place them in an expanded position; 

(d) orifice-forming means within the passage and de 
fining orifice passages having a first diameter and a 
Second larger diameter; 

(e) constricting means extending into the orifice pas 
Sages to provide a first orifice area adjacent the ori 
fice passage having the first diameter and a second 
larger orifice area adjacent the orifice passage having 
the second diameter; and 

(f) the slidable means including means whereby move 
ment of the slidable means moves the orifice-forming 
means and the constricting means relative to each 
other to provide only the second orifice area when the 
expansible arms are in the expanded position. 

2. A subsurface well bore apparatus comprising: 
(a) a tubular body adapted to be secured to a drill 

String and having a central passage; 
(b) a plurality of expansible arms secured to the tubu 

lar body and adapted to occupy a retracted position 
and an expanded position; 

(c) slidable means movable within the passage re 
Sponsive to changes in pressure of a fluid passing 
through the passage to engage the plurality of ex 
pansible arms to place them in an expanded position; 

(d) orifice-forming means within the passage and de 
fining orifice passages having a first diameter and 
a second larger diameter; 

(e) a cylindrical rod depending into the orifice pas 
Sages to provide a first orifice area adjacent the orifice 
passage having the first diameter and a second larger 
orifice area adjacent the orifice passage having the 
second diameter; and 

(f) the slidable means including means whereby move 
ment of the slidable means moves the orifice-forming 
means and the constricting means relative to each 
other to provide only the second orifice area when 
the expansible arms are in the expanded position. 
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6 
3. A subsurface well bore apparatus comprising: 
(a) a tubular body adapted to be secured to a drill 

string and having a central passage; 
(b) a plurality of expansible arms secured to the 

tubular body and adapted to occupy a retracted posi 
tion and an expanded position; 

(c) slidable means movable within the passage respon 
sive to changes in pressure of a fluid passing through 
the passage to engage the plurality of expansible 
arms to place them in an expanded position; 

(d) the slidable means having a bore extending there 
through; 

(e) orifice-forming means within the bore and defining 
orifice passages having a first diameter and a second 
larger diameter; and 

(f) a stationary cylindrical rod depending into the ori 
ce passages to provide a first orifice area adjacent 

the orifice passage having the first diameter and a 
Second orifice area adjacent the orifice passage hav 
ing the second diameter; 

(g) the cylindrical rod having a length such that the 
first orifice area is provided when the expansible arms 
are in the retracted position and only the second ori 
fice area is provided when the expansible arms are 
in the expanded position. 

4. An apparatus forcutting and milling a tubular con 
duit disposed in a well bore comprising: 

(a) a tubular body adapted to be secured to a drill 
string and having a central passage; 

(b) a plurality of expansible cutter arms secured to 
the tubular body and adapted to occupy a retracted 
position and an expanded position; 

(c) a piston reciprocably movable within the passage 
responsive to changes in pressure of a fluid passing 
through the passage to engage the plurality of cutter 
arms to place them in an expanded position; 

(d) orifice-forming means within the passage and defin 
ing orifice passages having a first diameter and a 
second large diameter; 

(e) constricting means extending into the orifice pas 
Sages to provide a first orifice area adjacent the ori 
fice passage having the first diameter and a second 
larger orifice area adjacent the orifice passage having 
the second diameter; and 

(f) the piston including means whereby movement of 
the piston moves the orifice-forming means and the 
constricting means relative to each other to provide 
only the Second orifice area when the cutter arms are 
in the expanded position. 

5. An apparatus forcutting and milling a tubular con 
duit disposed in a well bore comprising: 

(a) a tubular body adapted to be secured in a vertical 
position to a drill String and having a central passage; 

(b) a piston reciprocably movable within the central 
paSSage; 

(c) a plurality of depending cutter arms, each secured 
at one end to the tubular body for pivotal movement 
of the other end of the arm from a retracted position 
to an eXpanded position and disposed in slots in the 
tubular body so that a portion of each arm extends 
inwardly into the passage, each arm having 

(i) means at its other end for cutting and milling 
tubular conduits, 

(ii) a cam surface on the portion of the arm ex 
tending inwardly into the passage to be opera 
tively engaged by the piston; 

(d) the piston having a bore extending therethrough; 
(e) orifice-forming means within the bore and defining 

orifice passages having a first diameter and a second 
larger diameter; 

(f) a stationary cylindrical rod depending into the ori 
fice passages to provide a first orifice area adjacent 
the orifice passage having the first diameter and a 
second orifice area adjacent the orifice passage having 
the Second diameter; 
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(g) the cylindrical rod having a length such that the 
first orifice area is provided when the cutter arms are 
in the retracted position and only the second orifice 
area is provided when the cutter arms are in the 
expanded position. 

6. A subsurface well bore apparatus comprising: 
(a) a tubular body adapted to be secured to a drill 

string and having a central passage; 
(b) a plurality of expansible arms secured to the tubul 

lar body and adapted to occupy a retracted position 
and an expanded position; : 

(c) slidable means movable within the passage respon 
sive to changes in pressure of a fluid passing through 
the passage to engage the plurality of expansible arms 
to move them to an expanded position; 

(d) orifice-forming means within the passage; 
(e) constricting means disposed relative to the orifice 
forming means; 

(f) the orifice-forming means and the constricting 
means being shaped to provide a first orifice area and 
a second larger orifice area when the expansible arms 
are in a retracted position; and 

O 

5 

3 
(g) the slidable means including means whereby move 
ment of the slidable means moves the orifice-forming 
means and the constricting means relative to each 
other to provide only the second larger orifice area 
when the expansible arms are in the expanded 
position. 
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