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This invention has reference to under'-_ 
reamers of thetype in which the cutter as 
semblies are moved radially to expanded p07 
sitions by the action of a vertically movable 
plunger in the reamer body, it being one put‘: 
pose of the invention to providev in a reamer 
of this character, means for moving the cut 
ters to their expanding positions, or starting 
with the cutter carriers in expanded-post. 
tions, means for expanding the cutter sup, 
porting elements, by the action of an object 
dropped within the drill pipe, such ‘means 
comprising preferably a plunger adapted to 
be moved through its cutter expanding move, 
ment by the impact of said object. In an 
other of its aspects, the invention has to do 
with the provision of means whereby the cut 
ters may be moved to contracted positions to 
enable the underreamer to be withdrawn 
through the well casing, without the necessity 
for returning the plunger to its starting po-, 
sition to accommodate inward radial move 

however that under certain conditions and 
withcertain types, of cutter assembly struc-__ 
tures ‘it may e desirable to release the 
cutters, for inward contracting move: 
ment from their expanded positions byre-i _ V V v 

shown in expanded position; turning the plun er to its correspondingpo 
"sition, for examp e by way of a suitablecon- . 
nection therewith through the'drill pipe, but‘. 
in general I prefer to e?ect the radial con-1 
tacting movement. of the cutters by mount-. 
ing them in such a-manner that such move-c. 
,ment is accomplished by reverse rotational. 
movement of the drill pipe, as will be fully 
explained hereinafter. 
The invention may 

mounted radially movable cutter assemblies 
adapted to be actuated to hold the cuttersin 
expanded positions by wedging action with 
a downwardly movable‘ plunger in the body 
‘bore, the plunger as mentioned being actu 
ated in its downward movementb an object 
dropped within the drill pipe. 11 order to 
allow movement of the cutters to contracted. 
positions without the necessity for raising the 
plunger to accommodate such movement, the 

be ‘characterized. more‘ 
particularly as comprising in its preferred 
embodiment, a tubular body in which is 

cutters {are : mounted on pivoted , {carriers 
whereby they may be swungllaterally on the 
body from expanded to contracted/positions 
while the plunger isin its cutter expanding 
position. Thus in a single operation.__o'f- ex 
pandin g and contracting the. cutters,"the lat 
ter may be .moved ,radiallygifrom;onejconé 
tracted position to expanded. position; and 
then jswung tromb expandedito' anotl,,lér"holly-'1= 
tracted position} Alsouasi willlllatel: be ‘ex; 
plained," the‘ cutters mayij?rst befadjiisted .in 
their swinging, contracted positions Tana, 
after ‘movement of-ftlieplungerm 0 Eipahd‘theE 
cutter supporting elements, the 
be expanded upon rotation‘ofYthereamen, ; 5? 
The above. features, and _1 additional,‘ ‘clifari1 

acteristics of - the. invention . llw'ill; hinder; 
stood most readily‘ and clearly. lfrgiri the ‘fol; 
lowing descriptionof a preferredv .emh‘odis", 
ment of the , invention, .referencex being , had 79 ; 
throughout. the. description toi'thefaccomy 
rallying. drawings, inwhichi k‘ _ i ‘ ' ' 

:Fig._,1 is a generalvie ill stra ill get‘ 
underreamerfsusp ended a : < 75 
usual, drill ‘pipe; .v. . . - ; 

_ 2 _ is; .an enlarged. @inedial Reaction‘. 
through. the body of the ilnderreamer and one I; 
of the. cutter assemblies, ‘the cutter 

Fig. 3 isra viewsimilarto 
the cutter infone contracted position; , . I 

Fig. 4-.is a section on line H ofjFig. ,3 ;-l ' 
Fig,_5,is a section on line 5+5 of 2; ; 
Fig. ,6 is aview similar to Figs. ‘Land 5 

showingthe cutters in, another ‘contracted: 35 
position corresponding to Fig. 9 ;. -. 

‘is a section, on line 7-5-7 ,of Fig. 8; . 
Fig.8v is a section‘ on line 87-8 ofv'Fig. 2; 

and , ' ' ' ' 

sh owing the. cutters swung with, their carriers 
to. contracted positiom _ Y 
‘The typicaliembodiment of my invention 

shown in the drawings comprises a reamer 
‘body. 10, preferably made in a single solid ;95 
piece, and having the usual tool joint connec 
tion at 11with the drill pipe 13. :The body 
is provided at its lower end with the tool joint 
box 14 within which ‘pin 15a of the drill bit 
15vis threaded to join theunderreamer and 100‘ 
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up. 

Fig. 2 sitting 80 

'Fig. 9' is a 'view similar tdFigs. ‘7 and 8,. w 
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bit for o ration in the usual manner. The 
body 10 is drilled longitudinally to provide 
the lower bore 460 and the upper and com 
paratively longer counterbore 16?). Within 
the bores is a vertically movable cutter actu 
ating plun er 17 having enlarged and re 
duced portlons 17a, 17b, and having a sub 
stantially sliding ?t within the bores 16b, 16a, 
respectively. T 1e plunger has a central bore 
18 through which circulating ?uid is de 
livered from the drill pipe 11 to ?uid passages 
19 in the drill bit 15. Downwardly tapering 
conical wedge faces 20 and 21 are formed on 
the plunger at the lower ends of sections 17a, 
176, respectively, these faces being adapted 
to coact with corresponding wedge faces on 
the cutter assembly to move the latter radial 

_ 1y outward upon downward movement of the 
' plunger, as willbe described later. 
20 Longitudinal recesses 23 are formed in the 

, sides of the body to take the cutters, the re 
cesses having 

25 

30 

referably curved sides. 23a, 
23b against which the cutters are backed in 
their two‘ respective contracted‘ positions 
shown in Figures 4 and 6. At the u per and 
lower ends of recesses 23, the bo y is cut 
away to form recesses 24 and 25 which may 
be of somewhat less depth than recesses 23, 
and shaped to rovide ?at bearing surfaces 
45 and 26 for t e sides of the cutter carrier, 
hereinafter described, when swung to the re 
spective positions shown in Figs. 8 and 9. 

' Radial slots 28 are formed in the body he 

35 
tween bore 166 and recesses 24, the slots be 
ing extended above the upper end of the re 
cesses as at 28 to provide con?nement for 
the upper end of the cutter supporting blocks 
29 an pins 300: of cutter carrier heads 30. 
Radial slots 31 are formed between recesses 
25 and the lower bore 16a, and openings 32 

_ are formed in the body below the slots to take 
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the lower ends of the cutter su porting blocks 
33 and the pin ends 34a 0 cutter carrier 
heads 34. , ‘ '. 

The swinging cutters embodied in the pres 
ent‘ type 0 reamer may be of any suitable 
form and character, and it ma_ be mentioned 
that although for purposes 0 illustration I 
show herein a reamer having three swing 
ing cutter assemblies, any other suitable num 
ber and arrangement of the cutters may be 
used. 13 the cutter assembly I refer to the 
combine cutter and cutter supporting and 
carrying parts’ generally indicated ‘at 35, and 
which in its preferred form embodies the 
roller cutter 37 mounted on the cutter car 
rier which comprises the upper and lower 
heads 30 and 34 and a radially inclined in 
terconnecting stem 37a, which also forms the 
shaft for roller 37, and the radially movable 
cutter supporting blocks 29 and 33. The up 
per supporting block 29 has an inclined coni 
cal wedge face 36 adapted to coact with 
wedge face 20 on the plunger to cause the 
supporting block and the upper cutter car~ 
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rier head 30 to move radially outward. And 
as previously mentioned, the block and car 
rier are guided in such radial movement by 
their upper ends extending within the up 
per portlon 28a of the slot. The lower sup 
porting block 33 likewise is moved radially 
outward, together with the lower carrier head 
34, by virtue of the engagement of its inner 
inclined wedge face 39 with the lower plung 
er wedge face 21, the lower block and cutter 
carrier being con?ned for radial movement 
'by their lower pin ends 33a, 34a respectively, 
extending in the body slot 32. In the con 
tracted position of the cutter assembly shown 
in Fig. 3, the upper supporting block 29 has 
bearing on its inner side against the plunger, 
the lower supporting‘ block 33 bearing 
against the body wall 100 at the inner side 
of the opening 32 and against plunger wedge 
face 21. Upon downward movement of t 1e 
plunger to the position of Fig. 2, the cutter 
assemblies are moved radially outward, pref 
erably to the point of engagement of the cut 
ter carrier head pins with the body at the 
outer ends of slot 28 and the opening 32. It 
will be readily apparent that the supporting 
block structure for each cutter assembly may 
conveniently be made in one piece should it be 
desired, for instance b forming a continuous 
slot (not shown) in the body at 50 between 
slots 28, and 31, and interconnecting blocks 
29, 33 to form a single supporting member 
for both carrier heads. 
The roller cutters together with the car 

rier heads 30 and 34 thus swing horizontally 
about the in ends 30a, 34a of the carriers, 
pin 34a being offset radially inward relative 
to pin 30a in accordance with the inclination 
of the cutter from true vertical position, in 
order to enable the cutter to remain at all 
positions of its swinging movement in a ver 
tical axial plane of the body. It may be men 
tioned that insofar as the characteristic rela‘ 
tive movements between the carrier heads and 
the supporting blocks are concerned, the‘ 
heads may be pivotally mounted on the blocks 
themselves instead of being journaled in the 
body. However, for purposes of construction 
the illustrated pivotal mountin of the cut 
ters in the body is preferred. ‘ The outer ends 
of the blocks preferably have cylindric faces 
40 ?tted to the inner cylindric ends of the 
carrier blocks and their in ends, in order to 
provide maximum sur ace engagement of 
the carriers within the supporting blocks for 
all positions of the cutters. As shown in 
Figs. 8 and 9, in the expanded positions of 
the cutter assemblies. the straight end faces 
41 of the supporting blocks are brought flush 
with the backing surfaces 26 on the body, 
thereby enabling the cutters to swing from > 
the positions of Fig. 8 to those in Fig. 9 in 
which the sides of the carriers are brought 
to bear against the surfaces 26. 
With the cutter assemblies in the contracted 
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positions of Fig. 3, the relative positions of 
the cutters within body recesses are as shown 
in Figs. 4 and 7, the cutters preferably bear 
ing against the curved sides 23a of recesses 
23, and appreciable swinging movement of 
the carrier heads being revented by their 
engagement with the si es of slots 28 and 
31. 'Upon downward movement of the 
plunger, the cutter assemblies are moved 
radially outward to the positions of Figs. 2, 
5 and 8, as previously described, and to such 
positions that the carriers are free to swing 
about their pins to move the cutters to the 
contracted positions shown in Fig. 9, and in 
which positions the cutters preferably are 
brought to bear against sides 23b of recesses 
23. [has it will be noted that the cutters 
have two contracted positions, the one (Fig. 
7) in radial alinement with the guide slots 
when the cutter assemblies are in contracted 
positions, and the other as shown in Fig. 9 
in which the carriers are swung to allowthe 
cutters to be backed into recesses 23. 
The plunger is actuated in its downward 

movement from the position of Fig. 1 to that 
of Fig. 2 by the impact of asuitable object 
shown typically herein as a tubular segment 
42 dropped within the drill pipe from the 
ground level. Preferably a washer 43 of cop 
per or other comparatively soft metal is 
placed within the upper end of the plunger 
to deaden the impact or driving force of the 
tubular segment 42 against the plunger. Al 
though the described expansive movement 
of the cutter assemblies may be effected bv 
dropping the plan er itself within the drill 
pipe, itis referre thatthe plunger be'driv 
en throng its cutter expanding movement 
in the manner described in order to prevent 
damage to the plunger which might result > 
from its being dropped through the drill 
pi e. The cutter impelling member 42 being 
tubular, circulation through the vreamer to 
the drill bit is maintained after the plunger 

‘ is driven to its lower position. > 
In carrying out operations, the reamer may - 

be lowered to the working region in the well 
below casing 44 with the plunger in raised 
position and with the cutter assemblies in 
the contracted-position shown in Fig. 7, or 
with the carrier heads in their outermost 

' radial positions and the cutters swun to the 

to 

lowered with the cutters swung to 

positions shown in Fig. 9. If the diameter 
of the well bore below the casing is sutiicient 
to permit complete expansive movement _of 
the cutters, the reamer may be lowered with 
the cutter assemblies contracted (Fig.7) and 
cutters then expanded by driving the plunger 
downward. However, in case the well bore 
is of insufficient size to permit complete exf 
pansive movement of the cutters, thereby 
preventing the plunger from being driven 
to its lowermost position, the reamer nplily 

e 

contracted positions shown in Fig. 9, expen 

sive movement of the cutters‘thereafter being 
e?'ected by rotation.‘ , . 
Assuming the reamer to be lowered below 

the casing with the cutter assemblies in the 
positions of Fig. 3, or with the plunger sup 
ported in raised position by the supporting 
blocks 29, 33, and the carrier heads and cut~ 
ters swung to the position of Fi . 9, the tu 
bular segment 42 is then droppe within the 
'drill pipe and upon impact with the upper 
end of the plunger drives the latter down~ 
ward to expand the cutter assemblies (Fig. 
2) or to move the supporting blocks outward 
to back up the carrier heads, as the case may 
be. Upon rotation of the reamer'in clock 
wise direction as viewed in Fig. 8, the car~ 
rier heads are brought to engage the sides 45 
of recess 24 to provide rotative backing for 
the cutters, the radial inward thrust of the 
cutters being taken by the supporting blocks 
and the plunger. 
cutters to enable the reamer to be withdrawn 
through the casing, the drill pipe is rotated 
in a reverse direction, counter clockwise as 
viewed in Fig. 9, whereupon the carrier 
heads by virtue of their inertia, or by the 
engagement of the cutters with the well bore 
wall, are swung to back the cutters into re- 
cesses 24. Thus by providing cutter assem 
blies adapted to be actuated by the plunger 
to move the cutters from one contracted posi 
tion to expanded position, and carrier as 
semblies having such characteristics that‘ the‘ 
cutters may be swung from their expanded > 

100 ' positions to another contracted position 
without operating the plunger, the necessity 
is obviated for having to return the plunge 
to its starting position. ' - 

I ‘claim: , " 

1. An underreamer comprising a tubular 
body connected with the lower end of a drill 
pipe, a radially movable cutter assembly 
within a slot in said body. and a cutter oper 
ating plunger within the body and having a 
pair of vertically spaced wedge faces adapt 
ed to coact with correspondingly ‘spaced 
wedge faces on said cutter assembly to ex 
pand the latter radially, said plunger being 
adapted to be actuated by an object dropped 
within the drill pipe, said cutter o 
plunger being vertically movable re ative to 
both the drill pipe and said cutter assembly. 

2. An underreamer comprising a tubular 
body connected with the lower end of a drill 
pipe, a cutter actuating plunger within said 
body, a radially movable cutter assembly 
within a slot in the body comprising, a cut 
ter supporting block having wedging en 
gagement with they plunger, and a cutter car 
rier at the outside of said supporting block; 
the plunger being adapted to be actuated by 
an' object dropped within the drill pipe to 

,3 

In order to contract the: 
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move said cutter assembly radially, said cut- . 
ter operating plunger being vertically mov 

rating 115‘ ' 

we 
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able relative to both 
cutter ‘assembly.’ " ' 

3. An underreamer comprising a tubular 
body connected with the lower end of a drill 
pipe, a‘ cutter actuating plunger within said 
body; said plun er‘being .vertically movable 
relative'to the rill pipe, :1 radially‘movable 
cutter assembly ‘comprising, a' air of sup 
porting blocks mounted in vertlcally spaced 
slots in the body, a'pair'of pivotally mounted 
cutter carriers bearing against the outside of 
said supporting blocks, a shaft interconnect 
ing said‘ carriers and a cutter mounted in 
the. shaft said cutter being capable‘. of lat 
eral‘ swinging movement relative to the bod)7 
When'said cutter assembly is'moved to its 
outermost'radial position, and the body be 
ing slotted‘ ‘longitudinally to take the cutter 

the drill pipepand said 

in itssw-inging movement from expanded to 
radially contracted‘ position. ~ ’ 

4:‘ An .7 underre'ame‘r' comprising a tubularv 
body .Jconnected‘with vthe lower end of a drill ~ 
pipe, a cutter mounted on said body, a radial 
1y movable cutter-‘supporting assembly com 
prising means‘ for 'pivota'lly mounting said 
cutter forl-ateral ‘swinging movement relative 
to-the' body, an'd'a'plu‘nger within the body for 
operating said'cutter“ assembly, said plung 
er- being vertically? movable relative to both 
said cutter assembly and the drill pipe. 

i’ :"~5-.;;:An underreamer comprising a tubular 
’ I body-"connectedwith the lower end of a drill 

pipe, :a'cutter-"mounted on ‘said body, a ra 
diallyimovableflcutter supporting assembly 
comprisin' means-"for mounting said cutter 

"for. l‘atera ‘swinging, movement relative to 
the" bod-y,":and awertically movable plunger 
withinithe‘bod" ‘adapted to be actuated by an 
object droppe within the drill pipe to move 
said cutter assembly radially. 

.6.’ An-underreamer comprising a tubular 
bodyIconnected with the lower end of a drill 
pipie,:a plunger within said body,'said plunger 
being vertically movable‘ relative to both said ' 
body ‘and-‘the drill pipe, a'radially movable 
“cutter assembly'withina slot in the body and 
adapted to be actuated by the plunger, said 
cutter assembly comprising a‘ cutter support 
ing block-having wedgin engagement with 
the -, plunger and a pivota 1y mounted cutter 

‘ carrier at the outside of'said supporting block ' 
and adapted to swing laterally on the body to 

1,889,688 

swing laterally on the bod to move the cut 
ter between expanded an contracted posi-. 
tions. 7 

8. An underreamer comprising a tubular 
body connected with the lower end of a 
drill pipe, a cutter mounted on said _body,_a 
radially movable cutter supporting assembly 
comprising means for pivotally mounting 
said cutter for lateral swinging movement 
relative to the body, means-for actuating said 
cutter assembly to move it from contracted 
to expanded position, and means con?ning the 
cutter against appreciable swinging move 
ment except at substantially the expanded po 
sition of the cutter supporting assembly. 

9. An underreamer comprising a tubular 
body connected with the lower end of a drill 
pipe, a vertically movable plunger within said 
body, a radially movable cutter assembly 
within a slot in the body and adapted to be 
actuated by the plunger, said cutter assembly 
comprising a cutter supporting block having 
wedging engagement with the plunger and a 
pivotally mounted cutter carrier at the out 
side of said supporting block and adapted to 
swing laterally on the body to move the cutter 
from‘ expanded to contracted position, said 
cutter carrier being con?ned within said slot 
against free swinging movement except at 
substantially the outermost radial position of 
the cutter assembly. 
In witness that I claim the foregoing I 

have hereunto subscribed my name this 9th 
day of August, 1929. 

EDWARD F. RAYMOND. 

move-thecutter from expanded to contracted ' 
position. ' a . - 

7 . ‘An underreamer comprising a tubular 
_ ‘body connected with the lower end of a drill — 

60 

pipe, a ‘vertically movable plunger within 
‘said body and adapted to be actuated by an 
object dropped within the drill pipe, 9. plung 
er actuated cutter assembly movable 

comprising-a cutter supporting block having 
wedging engagementwith the plunger, and 
a pivotally mounted cutterv carrier at the out 
side of said supporting block and adapted to 

p _ , radially _, 

within a slot in the body; said cutter assembly 
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