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30 described, these cutters or cutting elements Fig. 8. . . . . . . si 
are rotated in a transverse plane about a ver- Fig. 9 is an enlarged fragmentary side ele 
tical axis of the tool, and are moved step Vation of the exterior tubular body of the 
by step to bring fresh cutters into operative tool and showing the parts in the position of 

33 The step by step rotation for change of the Fig. 10 is a fragmentary longitudinal cen- 35 
cutters is accomplished by the relative ver-tral section of the upper part of the tool, 
tical motion or what may be termed a trip showing the positions assumed by the parts 
mechanism, the trip mechanism being ten when being assembled or disassembled and gageable with the casing so as to be plished Fig. FI is a fragmentary diagrammatic de 

40 down relative to the body or mandrel (the velopment showing the cam action which 80 
part that is attached to the drill stem) when operates between the trip mechanism and 
the tool is pulled upwardly against the lower the rotative cutter carrier. 
end of the casing or the casing shoe. This It will be understood that the tool here 
relative downward movement of the trip illustrated and described may be used either 

45 mechanism causes the relative rotation of the as an expansive rearner or as an expansive 95 
cutters that throws a fresh cutter into op- underreamer; and it will also be understood 
erative position to take the place of a cutter that the specific details of structure which 
that has previously been in operative posi- are now to be described are not to be taken as 
tion. necessary limitations upon the invention ex 

Ée For the purpose of enabling those skilled cept as specifically so expressed in the ap Bo 

Patented June 16, 1931 1,810,201 

STEwART I. CAMPBELL, OF BERKELEY, CALIFORNIA, ASSIGNOR. To JOHN GRANT, OF . 
LOS ANGEEES, CAEIFORNEA, 
RENEWABLE REAMER. 

Application filed December 5, 1928. Serial No. 324,007. 
This invention has to do with reamers or 

underreamers such as are used for realining or 
underreaming in deep wells; and a general 
object of the invention is to provide a mecha 

is nism wherein the cutters are changeable or 
substitutable while the 'reamer is in the well, 
so that fresh or new cutters may be substituted 
for those which may have become worn 

in my application, jointly with John 
Grant, Serial No. 108,520, filed May 12th, 
1926, Renewable cutter underreamer, there is 
set out a changeable cutter realmer in which 
new cutters are moved laterally (swung hori 
Zontally) into operative position specifical 

is lyby virtue of vertical movement of the cut 
ters or cutter-carrier with relation to the body 
or mandrel of the tool. The general object Fig. 3 - A. : . . . . . . . . . . 

tion of the cutter-carrying parts of the tool. of the present invention is the same as that 
of the prior application; but the mode of ac 
complishing the object is somewhat different; 
and the invention of the present application 
is therefore, in some aspects at least, to be 
looked upon as an improvement upon the 
prior invention. : 

3 In the present invention, the several cut 
ters or cutting elements are mounted so as to 
be movable only laterally for their move 
ment of change or renewal; that is, as shown 
in the specific illustrative embodiment herein 

Fig. 6 is an 

in the art to comprehend the invention itself 
by way of a complete and specific understand 
ing of an illustrative embodiment of the in 
vention, I shall describe such an illustrative 
embodiment in detail in the following specifi 
cation, reference for this purpose being had 
to the accompanying drawings in which 

Figure 1 is a vertical central longitudinal 
ative position to project one set of cutters. 

Fig. 2 is a similar view showing the parts 
in position where all cutters are retracted, 
this position being that in which the tool 
rides through the well casing and also being 
the intermediate position which is assumed 
while the cutters are being changed. 

Fig. 3 is an enlarged vertical central sec 

Fig. 4 is an enlarged cross-section on line 
4 4 of Fig. 1. 

Fig. 5 is an 

Fig. 7 is a cross section on line 7-7 of 
Fig. 2, similar to the section of Fig. 6, but 
showing the cutters all retracted. 

Fig. 8 is a cross section on line 8-8 of 

enlarged cross section online 
5-5 of Fig. 1. 

enlarged cross section on line 
6-6 of Fig. 1 and showing a pair of cutters 
projected. - 
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section of the reamer with the parts in oper 
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pended claims. The structural details are 
to be described only for the purpose of giv 
ing those skilled in the art a full and com 
plete understanding of one typical embodi 
ment of the invention, and not for the pur 
pose of limiting the invention. 
As thus shown in the accompanying draw 

ings the tool has a tubular body 10 provided 
near its upper end with a pair of longitudi 
nally extending slots 11 through which the 
two trips 12 are adapted to project for the 
operation of the mechanism. It will be 
readily understood that the number of such 
trips may be selected as any one may desire, 
and that likewise the number of cutters in 
a simultaneously operating set may be as de 
sired; I have merely chosen here to illustrate 
a mechanism having two casing engaging 
trips and arranged so as to throw a set of 
two cutters into operative position at one 
time. Thus the tubular body has two oppo 
site trip slots 11 in its upper part and has 
two opposite cutter slots 13 in its lower part. 
The lower end of the body is shown as 

having a sub 14 to which the usual drill bit 
15 is attached. This sub 14 closes the lower 
end of the tubular body and serves also to 
support the rotatable cutter carrier C which 
is here shown as made up of upper and lower 
cutter-carrying heads 20 and 21, and also 
an upper cam head 22. Lower carrier head 
21 rests upon the upper end of the sub 14, 
and the whole carrier C is capable of rota 
tion on a vertical axis within the tubular 
body 10. 
Mounted on and carried by the carrier C is 

a series of cutters, the cutters being equi 
distantly circumferentially spaced about the 
carrier and being adapted, by rotation of the 
carrier, to be successively brought to posi 
tion behind the cutter slots 13 of body 10; 
and being so mounted on carrier C that, when 
in position behind slots 13, the cutters may 
move outwardly through the slots to project 
beyond the exterior surface of the body and 
thus be in operative position for realining. in 
the specific design here shown the cutters are 
illustrated as being swingingly mounted on 
the cutter carrier, so as to swing outwardly 
horizontally to their projected operative 
position. I have also chosen here to illus 
trate cutters having cutting elements of the 
roller, or rock cutting, type. Thus, although 
it will readily be seen that all these details 
are not a necessary restriction upon the in 
vention, I show each cutter mounted upon a 
vertical axis made up of an upper axis pin 25 
and a lower axis pin 26 Upper swinging 
arms 27 are mounted on the upper axis pins, 
and lower swinging arms 28 are mounted on 
the lower axis pins, and a roller shaft 29 is 
carried by each set of upper and lower arms, 
the roller cutting elements 30 being rotatively 
mounted on the shafts. As shown here, the 
lower arms 28 are of shorter radial length 

1,810,201 
than the upper arms, and the upper arms 
have their outer ends downwardly offset, as is 
best shown in Figure 3, so that when these 
relatively long upper arms swing inwardly to 
the collapsed positions, as shown in Figure 7, 
the arms may overlap each other. As a re 
sult of the upper arms being longer than the 
lower arms, the cutters when in projected po 
sition have their upper ends projected fur 
ther outwardly than their lower ends, as is 
clearly shown at the right hand side of Fig 
lure 3. . 

In order to make sure that the cutters 
swing outwardly through the body slots 13 
to their protracted positions, a spring may be 
applied to each cutter. For instance, show 
in Figure 3 a coii spring 32 applied to the 
lower end of each axis pin 36, tending to turn 
the axis pin, and therefore the cutter which is 

O 

75 

80 

rotatively fixed to this axispin, in the relative 85 
direction indicated by the arrow a applied 
to the arms 27 of the two protracted cutters 
as shown in Figure 6. in this extended or 
protracted position of the cutters, the arms 2 
and 28 bear back against the side wall 13a of 
slot, 13. The rotation of the tool for ream 
ing is in a right-handed direction looking 
down on it, or in the direction indicated by 
the arrow R. thereof in Figure 6; and there 
fore the cutters are supported by their back 
bearings against the wall of slots 13, against 
the circumferential or tangential thirtists 
which are imposed upon them by reason of 
rotary cutting. 
From what has been so far described it 

will now be readily understood that when 
the cutters are in the relative rotative position 
shown in Figure 6, one set of the cutters will 
swing outwardly through the body slots 13 
and thus swing out into expanded operative 
position; that when the cutters and cutter 
carrier have been relatively rotated to the po 
sition of Figure 7, the cutters are then so sit 
ulated that no cutter can swing out through 
the slots 13, and that therefore the cutters are 
retracted; and that when the cutter's and cut 
ter carrier have again been rotated on to 
such a relative position as shown in Figure 6, 
the next set of cuttel's is then in position to 
swing outwardly through the body slots to 
operative expanded position. This a rela 
tive rotation of the cutter carrier C through 
an angle corresponding to the circumferei 
tial spacing of the cutters on the cutter car 
rier will withdraw one set of cutters and sub. 
stitute the next set in operative position; and 
in all intermediate positions all of the cut 
ters will be contracted. The relative rota 
tion of the cutter carrier step by step between 
its successive positions is the function of the 
cam head and the trip mechanism now to be 
described. 
The cam head 22 has a series of can slots 

which may perhaps best be understood by 
reference to Figure 11. Assuming first that 

90 
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the mechanism stands in the relative position 
shown in Figures 1 and 6, with the vertically 
movable cam actuating ling 40 in the upper 
end of the cam groove 41, downward move 
ment of the cam actuating pin will make the 
pin move vertically downwardly along the 
path indicated by the dotted line, through the 
upper part of the cam groove 41; and then, 
deflected by the cam point 42, the pin then 
moves downwardly into and along the can 
groove 43 until it reaches the bottom of the 
diagonally placed groove 43. See the dia 
gram of Fig. 11. When the campin 40, thus 
reaches, the position shown in dotted lines at 
the bottom of groove 43, and assuming that 
the pin 40 is restricted to vertical movement 
and cannot move laterally, the cam head has 
been moved laterally through a distance 
measured by the distance between line A-A. 
and the line C (Fig.11). This distance is 
equal to half the angular distance between 
adjacent cutters on the cutter carrier; and 
therefore, when the cam actuating pin has 
moved down to its lowermost position in the 
cam groove 43, the cutter carrier and cutters 
have been moved to the inoperative or con 
tracted position of Figure 7. 
Upon subsequent upward movement of the 

cam actuating pin 40 it moves vertically up 
ward through the lower end of cam groove 
43 and then, deflected by the can point 44, 
moves upwardly into and through the diag 
onal can groove 41 moving along the reli 
tive path indicated by the dotted line in Fig 
ure 11, and thus, by upward movement final 
ly reaches again an uppermost position. But 
the pin is then located in the upper end of 
a cam groove 41 which is adjacent to the can 
groove 41 from which it originally started 
as herein described. Thus when the can actu 
ating pin 40 has reached its uppermost posi 
tion as shown in dotted lines as shown in Fig 
ure 11, the cam head 22 and therefore the car'- 
rier C has been rotated through a distance 
corresponding to the distance between the 
lines A-A and B-B in Figure 11; and this 
distance corresponds to the angular distance 
between adjacent cutters mounted on car 
rier C. . . . . 

50 

55 

The complete cam slot of cam head 22 is 
made up of a series of the cam grooves, one 
series or complete element of which has now 
been explained; so it will be readily under 
stood that successive downward and upper: 
movements of the cam actuating pin will 
cause successive angular advancements of the 
cutter-carrier C in the relative direction of 
rotation indicated by the arrow b in Figure 
7. Whenever the cam actuating pin is moved 
down to its lowermost position the cutter car 
rier is rotated through half the cutter spac 
ing angle and the cutters are all thrown to the 
contracted positions of Figure 7, and when 
ever the cutter actuating pin is subsequently 

i moved up to its uppermost position, the cut 

3. 

ter carrier is again relatively rotated through 
an angle equal to half the cutter spacing, and 
the next set of cutters is brought into posi 
tion opposite the body slots 13; to; naeve out 
into, operative expanded position. 
... The function of the trip mechanism. is to 
move the can actuating pin 40, or any Suita 
ble number of such pins, up and down. As 
will be readily understood, the can groove 
elements of the cam head 22 are symmetrical 
ly spaced around, the circumference of the 
cam head, and therefore any desired number 
of can actuating pins 40 may be utilized. 
have here chosen to show merely two such 
pins (see the section of Figure 5); but any 8 
number of pins, up to the total number of 
cam groove elements, will have the same ac 
tion as described. 
The function of the trip mechanism now 

to be described is to move the calm actuating 
pins 40 vertically. As here shown, the pins 
40 are mounted in the lower end of a shell 
50 which is vertically movable within the 
tubular body 10. The upper or head end of 
this shell is shown at 51. This shell carries & 
the trips. 12, pivoted at their lower ends at 

70 

52 to the shell and projecting upwardly from 
their pivots. The shell is: slotted at 50a, for 
accommodation of the trips 12 and the out 
wardly projecting parts 12a of the trips are 
adapted to project out through body slots 

f 5 

11 when the parts are in the position shown. 
in Figure 1, with the shell and the trips in 
their uppermost position. In the upper 
most positions the upper extensions. 12b of 
the trips bear inwardly against a compara 
tively large mandrel part 60 and are thus 
held from being moved inwardly until they 
have been moved downwardly to the relative 
ly lower elevation shown in Figure 2. The 
trips are normally held in their elevated posi 
tions of Figure 1 by the action of a spring 
61 which is mounted at its lower end on a 
mandrel collar. 62 and presses at its upper 
end upwardly against the head 51 of shell 50. ... 
When the tool is pulled upWardly into the 
casing or well pipe, the lower end of the pipe 
or the shoe engages the upper rounded cor 
ners of the projecting trip parts i.2a and 
presses the trips relatively downwardly 
against the action of spring 61; and when 
the trips have moved so far down that their 
upper ends 12b can move in under the large 
mandrel 

flush with the exterior surface of body 10. 
In this position the shell 50 has been moved 
to its lowermost position, therefore can ac 
tuating pins 40 have been moved to their 
lowermost positions, and the cutters have 
therefore been moved all of them, to their 
contracted positions of Figure 7. In this 
position of the parts, spring 61 is urging shell 
50 and trips 12 upwardly, and the angle of 

el part 60, then the trips are pressed 
in to the relative positions shown in Figure 2, 
with their exterior surfaces substantially 
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the shoulders 60a, at the lower end of large 
mandrel part 60 is such that, unless the 
trips are confined by the casing, the spring 
will tend to move the trips outwardly to the 
position where they can move up to the posi 
tion of Figure 1. However, as long as the 
trips are within the casing or well pipe the 
trips cannot move outwardly and therefore 
cannot move upwardly; and in this condition 
of the parts the tool may be passed up and 
down through the well casing. 

In order that the trip pivots 52 shall not be 
subjected to shearing strains, the trips have 
notches 126 that take the edge of shell head 
51, so that longitudinal pressures or forces 
are transmitted directly to the shell from the 
trips. 

Supposing that the tool is in its operative 
position below the well casing, with one set 
of cutters protracted, upward movement of 
the tool into the casing will cause relative 
downward movement of the trips, and cause 
movement of the cutters to the retracted posi 
tions of Figure 7. In this retracted posi 
tion the set of cutters which has previously 
been in the expanded position, as shown at 
E in Figure 6, is moved to the contracted po 
sition as shown at E1 in Figure 7. Then upon 
a subsequent lowering of the tool, allowing 
the upward movement of the trips and shell 
50 and the cam actuating pins 40, these same 
cutters are moved around to the relative po 
sitions shown at E2 in Figure 6, and the next 
set of cutters is then brought to the expand 
ed position shown at E in Figure 6. Thus, 
by simple upward movement of the tool 
against or partially into the casing and sub 
sequent downward movement, the cutters are 
rotated so that the set previously in use is 
contracted and the next set expanded. In 
the particular design here shown, I have ill 
lustrated six cutters, and therefore three 
sets of two. Consequently there are three 
sets of cutters available for reaming before 
the tool has to be withdrawn from the hole 
for substitution or sharpening of cutters. 
The total number of cutters, and also the 
number of cutters in each operating set, may, 
as hereinbefore indicated, be selected as de 
sired. 
The mandrel parts 60 and 62 which have 

been previously referred to are parts of an 
internal mandrel whose upper end is adapted 
at 70 for attachment to a drill stem, and 
which is screwed into the upper end of the 
body at 71 and depends centrally through the 
tubular body. The part 60 of this mandrel 
near its upper end is the relatively large 
part previously referred to. Extending 
downwardly from this relatively large part 
60 there is a relatively small and long mandrel 
part 73 which extends down through the calm 
head 22 and the cutter carrier C and may also 
extend on down through the sub 14 and the 
end just above the tool joint 75 of the bit 15. 
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The cam head and cutter carrier rotate 
around the mandrel part 73, and the mandrel 
has a longitudinal bore 76 extending from 
end to end and forming the circulation course 
which leads to the circulation passage 77 of 
the drill bit below. 
The enlarged part 60 of the mandrel has 

two oppositely disposed grooves 80 which, in 
the assembled and operative position of the 
parts, are out of registration with the upper 
ends 125 of trips 12. With the parts thus 
in the relative position shown in Figures 
1, 2 and 4, the trips cannot at any time move 
inwardly far enough to move wholly inside 
the interior of the tubular body, although the 
inner positions of the trips, as shown in 
Figure 2, is with the outer trip surfaces Sub 
stantially flush with the outer surface of the 
tubular body. Thus, during operatively use 
of the tool, the trips never move out of en 
gagement with the slots 11, the trips, and also 
the trip carrying shell 50, being thus held 
against relative rotation in the body. 
When it is desired to disassemble the ream 

er, the mandrel is unscrewed and turned first 
to such a position that the grooves 80 regis 
ter with trip extensions 125. Then the trips 
can be moved back into grooves 80 far 
enough that the trips are then entirely with 
in the body interior, assuming such a posi 
tion as shown in Figure 10. With the parts 
in this position the mandrel can be rotated 
to unscrew it from the body, and then the 
mandrel, shell 50 and trips can be pulled 
upwardly out of the body. The cutter car 
rier, cutters, and cam head, may then be 
slipped out of the body longitudinally, as 
they are freely longitudinally removable 
when the mandrel is removed. When the 
parts are assembled in operative position, 
the cutter carrier, cutters and cam head are 
prevented from moving longitudinally by 
bearing at the bottom on the upper end of 
sub 14 and bearing upwardly against the 
mandrel collar 62. 

I claim: 
1. An expanding changeable cutter reamer, 

comprising a body, a cutter-carrier 
mounted on the body and adapted to be 
moved in a plane transverse of the body, a 
plurality of cutters mounted on the cutter 
carrier and adapted to be selectively moved 
to expanding position by virtue of such 
movement of the cutter carrier, and means 
mounted on the body and movable longitudi 
nally relative thereto and adapted to move 
the cutter-carrier step by step. 

2. An expanding changeable cutter reamer, 
comprising an elongate body, a cutter 
carrier mounted on the body for rotation 
relative thereto about the longitudinal axis 
of the body, a plurality of cutters mounted 
On the carrier and adapted to be selectively 
moved to expanding position by such relative 
rotation of the carrier, and means to rotate 
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the carrier step by step said means includ 
ing an actuating member movable longitu 
dinally with reference to the body. 

3. An expanding changeable cutter reamer, 
comprising a body, a plurality of cutters 
movable together as a set in a plane trans 
verse of the body whereby the sevei'alcutters 
of the set may be selectively moved to ex 
panding position, and means to move said set 
of cutter's step by step said, means including 
an actuating member which moves 
nally relative to the body. . . . . . . . . . 

4. An expanding changeable cutter reamer, 
comprising a body, a plurality of circumfer 
entially spaced cutters mounted on the body 
to be rotated as a unit, with reference to the 
body, whereby said cutte's may be selee 

longitudi 

tively moved to expanding position, and 

20 

55 

in 

means to rotate said cutters step by step with 
reference to the body, said means, including 
an actuating member which moves longitudi 
nally with reference to the body. - 

5. A changeable cutter reamer, comprising 
an elongate body, a cutter carrier mounted 

; thereon for movement in a transverse plane 
relative to the body, a plurality of trans 
versely spaced cutters mounted on the car 
rier and adapted, by such movement of the 
carrier, to be selectively moved one at a time 
into operative position, and means for mov 
ing the carrier step by step said means in 
cluding an actuating member movable longi 
tudinally with reference to the body. 

6. A changeable cutter reamer, comprising 
; an elongate body, a cutter carrier mounted 
on the body for rotation relatively to about 
the longitudinal axis of the body, a plurality 
of circumferentially spaced cutters mounted 
on the carrier and adapted by relative rota 
tion of the carrier to be selectively moved 
one at a time into operative position with 
reference to the body, and means for rotat 
ing the carrier step by step with reference 
to the body, said meafs including an actuat 
g member movable longitudinally with 

reference to the body. 
7. A changeable cutter Feamer comprising 

an elongate body, a plurality of transversely 
spaced cutters movable as a unit in a plane 
transverse to the body and thereby movable 
selectively one at a time to an operative posi 
tion with relation to the body, and means for 
moving said cutters as a unit step by step 
with relation to the body, said means includ 
ing an actuating member movable longitudi 
nally with reference to the body. 

8. A changeable cutter reamer comprising 
an elongate body, a plurality of circumferen 
tially spaced cutters mounted in the body 

60 for rotation as a unit around a longitudinal 
axis of the body, and means for rotating Said 
cutters as a unit step by step with relation to 
the body whereby said cutters are selectively 
moved one at a time into operative position 
with relation to the body, said means includ 

ing an actuating member movable longitudi 
nally with reference to the body. ... 

projection slot through its wall, a plurality 
of spaced cutters within the body and mov 
able as a unit past the projection slot, and 
means for moving the cutters as a unit and 
step by step to bring the cutters selectively 
into registration with the projection slot. 

10. An expanding changeable cutter ream 
er comprising a tubular body, with a cutter 
projection slot through its wall, a plurality 
of circumferentially spaced cutters within 
the tubular body and rotatable as a unit about 
the longitudinal axis of the body, and means 
for rotating said cutters as a unit step by step 
with reference to the body whereby the cut ters are selectively brought to position regis 
tering with the cutter projection slot. 

11. An expanding changeable cutter reamer 
comprising a tubular body with a cutter pro 

9. An expanding changeable cutter reamer, 
comprising a tubular body having a cutter 
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jection slot through its wall, a cutter carrier 
within the body and rotatable with reference 
thereto about the longitudinal axis of the 
body, a plurality of circumferentially spaced 
cutters mounted on the carrier and adapted 
by carrier rotation to be successively moved 
jection slot, and means to rotate the carrier 
step by step with relation to the body. 

90 

into position registering with the cutter pro 
95 

12. An expanding changeable cutter ream 
er, comprising a tubular body having a cut 
ter projection slot through its wall, a plu 
rality of spaced cutters within the body and 
movable as a unit past the projection slot, 
and means for moving the cutters as a unit 
and step by step to bring the cutters selectively 
into registration with the projection slot, 
said means including an actuating member 

00 
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movable longitudinally with relation to the 
body. - . 

13. An expanding changeable cutter ream 
er comprising a tubular body with a cutter 
projection slot through its wall, a plurality 
of circumferentially spaced cutters within 
the tubular body and rotatable as a unit 
about the longitudinal axis of the body, and 
means for rotating said cutters as a unit step 
by step with reference to the body whereby 
the cutters are selectively brought to position 
registering with the cutter projection slot, 
said means including an actuating member 
movable longitudinally with relation to the 
body. . . . . . . . . . . . 120 
14. An expanding changeable cutter reamer 

comprising a tubular body with a cutter pro 
jection slot, through its wall, a cutter carrier 
within the body and rotatable with reference 
thereto about the longitudinal axis of the 
body, a plurality of circumferentially spaced 
cutter's mounted on the carrier and adapted 
by carrier rotation to be successively moved 
into position registering with the cutter pro 
jection slot, and means to rotate the carrier 
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step by step with relation to the body, said 
means including an actuating member mov 
able longitudinally with relation to the body. 

15. An expanding changeable cutter ream 
er comprising a tubular body with a cut 
ter projecting slot through its wall, a cut 
ter carrier within the body and rotatable 
with reference thereto about the longitudi 
nal axis of the body, a plurality of circlin 
ferentially spaced cutters mounted on the 
carrier and adapted by carrier rotation to be 
successively moved into position registering 
with the cutter projection slot, and means to 
rotate the carrier step by step with relation 
to the body, said means including a cam head 
rotatively connected with the rotative car 
rier and a casing engaging member movable 
longitudinally with reference to the body 
and acting upon the cam head to cause its 
rotation by virtue of the relative longitudi 
nal movement of the casing engaging 
member. 

16. An expanding changeable cutter ream 
er comprising a tubular body with a cut 
ter projecting slot through its wall, a cut 
ter carrier within the body and rotatable 
with reference thereto about the longitudi 
nal axis of the body, a plurality of circum 
ferentially spaced cutters mounted on the 
carrier and adapted by carrier rotation to be 
successively moved into position registering 
with the cutter projection slot, and means to 
rotate the carrier step by step with relation 
to the body; said means including a cam 
head mounted upon and rotatable with a ca'- 
rier, a longitudinally movable member in the 
body and engaging said can head so that 
relative longitudinal movement of Said 
member causes rotation of the cam head and 
cutter carrier, and a casing engaging trip 
mounted upon and longitudinally movable 
with said member. 

17. An expanding changeable cutter realm 
er comprising a tubular body with a cut 
ter projecting slot through its wall, a cut 
ter carrier within the body and rotatable 
with reference thereto about the longitu 
dinal axis of the body, a plurality of circum 
ferentially spaced cutters mounted on the 
carrier and adapted by carrier rotation to be 
successively moved into position registering 
with the cutter projection slot, and means to 
rotate the carrier step by step with relation 
to the body; said means including a cam 
head rotatively connected with the rotative 
carrier and a casing engaging member mov 
able longitudinally with reference to the 
body and acting upon the cam head to cause 
its rotation by virtue of the relative longi 
tudinal movement of the casing engaging 
member, and a spring urging said casing en 
gaging member longitudinally in one direc. 
tion. 

18. An expanding changeable cutter ream 
er comprising a tubular body with a cut 
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ter projecting slot through its wall, a cut 
ter carrier within the body and rotatable 
with reference thereto about the longitudi 
nal axis of the body, a plurality of circumfer 
entially spaced cutters mounted on the car 
rier and adapted by carrier rotation to be 
successively moved into position registering 
with the cutter projection slot, means to ro 
tate the carrier step by step with relation to 
the body, said means including a cam head 
mounted upon and rotatable with a carrier, 
a longitudinally movable member in the body 
and engaging said cam head so that relative 
longitudinal movement of said member causes 
rotation of the cam head and cutter carrier, a 
casing engaging trip mounted upon and lon 
gitudinally movable with said member, and 
a Spring urging said member and said casing 
engaging trip longitudinally in One direction. 

In witness that I claim the foregoing 
have hereunto subscribed my name this 8 
day of November 1928. 

STEWAIRT L. CAMPBELL. 
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