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2,992,477 
BIT PULLER 

John Y. Duncan, Boulder, Colo, and Florentin J. Pearne 
and Frank S. Pearne, Los Angeles, Calif., assignors to 
K. O. Duncan Company, Boulder, Colo., a partnership 

Filed Oct. 7, 1957, Ser. No. 688,504 
8 Claims. (C. 29-243) 

This invention relates to apparatus known as a "bit 
puller' for forcibly removing rock bits and the like from 
the "drill steel' on which such bits are mounted with a 
wedging fit in normal use. More particularly, the inven 
tion relates to hydraulically operated bit pullers of com 
pact design which may be readily carried from point to 
point in the field for use where needed. 
The principal objects of the invention are to provide a 

bit puller of the general character described which is 
sufficiently compact and light in weight to be easily trans 
ported manually; which is adapted for quick and con 
venient operation; which will not gouge the drill steel 
while gripping it for pulling off the bit; which is suffi 
ciently rugged to withstand the high forces imposed upon 
it; and which is positive and reliable in its operation. 

Various expedients have been used heretofore to remove 
rock bits from the drill steel on which they are mounted 
in normal use. In some instances, heavy pieces of steel 
adapted to slide over the drill steel have been employed 
much in the manner of a hammer to drive the bit off from 
the drill steel by impact. However, the use of tools of 
this character is dangerous and has not been satisfactory. 
Pneumatically operated machines have been employed to 
force the bit off from the drill steel, but most of these 
machines have been heavy and bulky so that it was neces 
sary to bring the drill steel and bit to the location of the 
bit puller rather than transport the bit puller for use in 
any location where it is needed. In addition, pneumat 
ically operated machines of this character have required 
connection to a compressed air line for receiving the 
power required to operate them. Various mechanically, 
operated bit pullers have also been designed which rely 
upon other mechanical force supplying mechanisms to 
assert the required force on the bit while holding the 
drill steel. However, insofar as we are aware, none of 
such prior devices has satisfactorily met the need for a 
device having the above recited features and advantages 
provided by the present invention. 
The present invention is characterized by a cylindrical 

relatively short housing and a cylindrical relatively short 
internal member which are axially movable relative to 
one another and define, between them, both an annular 
fluid reservoir and an annular pressure chamber of small 
dimensions. A manually operated pump is built into the 
housing member and communicates with the fluid reser 
voir and the pressure chamber for forcing fluid from the 
former into the latter; and the fluid reservoir and the 
pressure chamber are so arranged and dimensioned that 
each changes in volume by substantially the same amount 
as hydraulic fluid flows from one to the other in the force 
applying stroke of the device or in the opposite retracting 
operation thereof. The invention is further characterized 
by a manually operable pump handle construction which 
serves as a handle for transporting the bit puller as well 
as for activating the pump; and is further characterized 
by a separable drill steel clamp which is removable from 
the device for preliminary positioning on the drill steel 
before the drill steel is inserted in the device and engaged 
by a bit hook. 
The foregoing objects, advantages and characteristic 

features of the invention, and others which will appear 
hereinafter will be more fully understood and appreciated 
from the following detailed description of an illustrative 
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embodiment of the invention as shown in the accompany 
ing drawings, in which: 
FIGURE 1 is a longitudinal sectional view of a bit 

puller constructed in accordance with the invention with 
a drill steel and bit mounted in the device for separation 
thereby, the angularly disposed radial planes of the sec 
tion being indicated by the lines 1-1 in FIG. 3. 

FIG. 2 is a side view of the device in FIG. 1 with the 
pump and pump handle removed for clarity of illustration, 
the view being taken as indicated by the lines 2-2 in 
FIG. 1. 
FIG. 3 is a fragmentary end or plan view, looking 

downwardly at the device of FIG. 1 as shown therein, 
the pump and pump handle again being removed for 
clarity and a drill steel support being shown in section 
and the upper portion in phantom outline. 
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FIG. 4 is a plan view, of a bit hook-plate constituting 
a part of the device of FIG. 1. 

FIGS. 5 and 6 are additional longitudinal sectional 
views respectively taken along the lines 5-5 and 6-6 
of FIG. 3. 

Referring to the drawings, a device embodying the 
present invention may include three separable parts or 
assemblies, namely, a hydraulic force applying mech 
anism. 1, a removable split collar type of clamp 2 for 
gripping a drill steel, and a U-shaped bit hook-plate 3 for 
transmitting force to a bit. A drill steel 10 with a bit 11 
jammed thereon with a wedging fit is mounted in the 
device for removal of the bit from the drill steel by first 
withdrawing the clamp 2 from the force applying mech 
anism. 1, then separating the two halves 2a and 2b of the 
clamp against the resilience of a surrounding spring 4, 
and sliding the drill steel through a central aperture de 
fined by the two halves of the clamp until these parts are 
associated with each other as shown. This subassembly 
is then inserted axially into the hydraulic force applying 
mechanism (downwardly as viewed in FIG. 1) to seat 
the clamp in the force applying mechanism while the 
clamp grips and restrains the drill steel against downward 
movement. Thereupon the bit hook-plate 3 is slid over 
the bit 11 about the drill steel 10 for engaging the bit and 
applying a downward force thereto, as the hydraulic force 
applying mechanism is operated, to separate the bit from 
the drill steel. 
With the foregoing preliminary description, the various 

parts and mode of operation of the device shown in the 
drawings will now be described in more detail. 

Referring to FIGS. 1 and 2, the hydraulic force apply 
ing mechanism 1 may comprise an inner, generally tubu 
lar sleeve 12 concentrically disposed within an outer cas 
ing or sleeve 13 for relative axial sliding movement of 
the inner sleeve within the outer sleeve. Such relative 
movement is effected hydraulically, the inner sleeve 12 
serving a function analogous to that of a piston movable 
within the outer sleeve which serves a function analogous 
to that of a cylinder in a simple hydraulic piston and 
cylinder mechanism. The concentric, inner and outer 
sleeves 12 and 13 are shaped along their adjacent sur 
faces to provide a reservoir 14 and a pressure chamber 
15 therebetween. The reservoir 14 and pressure cham 
ber 15 are axially spaced and separated by an annular 
flange 16 encircling and integrally formed on the inner 
sleeve. The flange 16 is provided with a circumferential 
groove receiving a suitable resilient sealing ring 17, which 
may include a backup ring, as shown, for preventing leak 
age of high pressure hydraulic fluid thereby between the 
pressure chamber 15 and the reservoir 14. 
At the opposite end of the reservoir 14 the outer sleeve 

13 is provided with an annular closure ring 18 having an 
inner circumferential groove 19 therein for receiving a 
resilient O-ring 21. The O-ring 21 serves to seal this 
end of the reservoir 14 against leakage of hydraulic 
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fluid and is subjected to little or no fluid pressure. The 
groove 19 in which the O-ring 21 is seated is of substan 
tially greater width than the diameter of the O-ring in 
order that the O-ring may move axially of the device with 
a rolling action as required to vary the effective volume 
of the reservoir 14 for the purpose hereinafter described. 
The closure ring 18 may be removably seated in an inter 
nally enlarged end portion of the outer sleeve 13 for con 
Venient removal and replacement in the course of initial 
ly assembling the mechanism 1 or subsequently disassem 
bling it for repair. The closure ring 18 may be remov 
ably retained in its seated position by a suitable snap 
ring 22 engageable in an internal annular groove of the 
outer sleeve 13 as shown. 
At the opposite end of the mechanism 1, the pressure 

chamber 15 is closed by a circumferential flange 23 on 
the inner sleeve 12 of relatively small radial depth. This 
flange 23 is provided with a circumferential groove re 
ceiving a suitable sealing ring structure for preventing 
leakage of hydraulic fluid from the pressure chamber. 
As shown in FIG. 1, this sealing ring structure may com 
prise an elastic O-ring 24 held under radial compression 
in the groove with the aid of a leather back-up ring 25. 
The mechanism 1 is provided at any convenient loca 

tion with an opening and a removable closure plug 26 for 
charging the mechanism with a suitable hydraulic fluid 
through a passageway 28 drilled in the outer sleeve 13 
and into the reservoir 14 until the hydraulic system (de 
scribed below) is full of fluid. 
An arrangement of passageways and a cooperating 

manually operated pump (hereinafter described) are pro 
vided for pumping hydraulic fluid under pressure from 
the reservoir 4 into the pressure chamber 15. It is de 
sired that both the reservoir. 14 and pressure chamber 15 
be at all times completely full of hydraulic fluid. To 
ward this end, an internal shoulder 27 is provided in the 
outer sleeve 13 with a radial dimension equal to the 
radial width of the reservoir 14 whereby, upon axial move 
ment of the inner sleeve 12 away from the shoulder 27 of 
the outer sleeve 13, the volume of the pressure cham 
ber 15 increases at exactly the same rate that the volume 
of the reservoir 14 decreases. In order that the reser 
voir 15 will have an appreciable minimum volume when 
the inner and outer sleeves are in the positions shown in 
FIG. 1 (hereinafter called the retracted condition of the 
mechanism ), the inner sleeve 12 has a somewhat small 
er external diameter in the region of the pressure cham 
ber 15 than in the region of the reservoir 14. 
When fluid is pumped from the reservoir into the pres 

Sure chamber under pressure, the pressure is applied 
against the surface of the annular flange 16 which defines 
one end of the pressure chamber so as to force the inner 
sleeve 12 upwardly relative to the outer sleeve 13, as 
viewed in FIG. 1 (to what is hereinafter called the ex 
tended condition of the mechanism 1). Since the volume 
of the reservoir 14 decreases in exactly the same amount 
as the volume of the pressure chamber 15 increases, while 
fluid is being pumped from the former into the latter, the 
fluid in the reservoir 14 exerts little or no back pressure 
on the annular flange 6 in opposition to such relative 
movement of the inner and outer sleeves 12 and 13. 

Return of the mechanism to its retracted position is ef 
fected by manually telescoping the inner and outer sleeves 
12 and 13 after opening a relief valve (hereinafter de 
Scribed) to permit return flow of fluid from the pressure 
chamber 15 into the reservoir 14. 

In order to provide for the pumping of hydraulic fluid 
from the reservoir 14 under pressure into the pressure 
chamber 15 for extending the mechanism , and for re 
turn flow of fluid back into the reservoir 14 to permit 
retraction of the mechanism, an axially extending passage 
way 30 is formed in the outer sleeve 13 with a radially 
inwardly extending opening 31 communicating with the 
reservoir 14. Near its lower end, the passageway 30 is 
enlarged to provide a check valve chamber and seat for 
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the ball of a ball type check valve 32, the ball being yield 
ably held against a seat by a spring 33 and a cooperating 
plug 35 threaded into the lower end of the passageway 
30 for also closing the same as shown in FIGS. 2 and 5. 
Communicating with the passageway 30 below the check 
valve 32 is a transversely extending passageway 34 (FIGS. 
2, 3, and 5) leading to a radially extending passage 
way 36 (FIGS. 1, 2, and 3). The transverse passage 
way 34 may be formed by milling or otherwise forming a 
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notch 37 in the outer side of the outer sleeve 13, drilling 
the passageway 34 into one face of the notch 37, and 
closing the passageway 34 at the notch 37 by means of a 
threaded plug 38. The radial passageway 36 is in axial 
alignment and communicates with the barrel of a manual 
ly operated pump described hereinafter. 

This pump draws fluid from the reservoir 14 through 
the opening 31 and passageway 30, past the check valve 
32, and through the transverse and radial passageways 
34 and 36. The fluid thus trapped by the valve 32 
against reverse flow into the reservoir 14 is then forced 
by the pump through an axially extending passageway 
40 (FIGS. 1, 2, and 3) in which the ball of a second ball 
type check valve 41 is yieldably held against a seat by a 
spring 42 for preventing reverse flow of the fluid into 
the barrel of the pump while it is drawing more fluid from 
the reservoir 14. The axial passageway 40 may be 
formed by drilling from the lower end of the outer sleeve 
13 and closing the lower end of the passageway by 
means of a threaded plug 43. The plug 43 also serves 
to compress the spring 42 for holding the ball of the 
valve 41 against its seat in the passageway 40. 
Communication between the axial passageway 40 and 

the pressure chamber 15 may be completed by drilling 
another axial passageway 45 (FIGS. 2, 3, and 6), clos 
ing its open end with a threaded plug 46, and drilling a 
cavity 47 (FIGS. 2 and 3) radially inwardly so as to 
cut into the side walls of the axial passageways 40 and 45 
and provide communication therebetween. The cavity 
47 is closed by another threaded plug 48. 

Fluid flowing under pressure from the pump through 
the radial passageway 36, through the axial passageway 
40 past the check valve 4f therein, and through the 
cavity 47 and the axial passageway 45, then flows into 
the pressure chamber 15 through a radially extending 
passageway 49 (FIGS. 2, 3, and 6). The fluid under 
pressure is thus introduced into the pressure chamber 15, 
forcing the inner sleeve upwardly relative to the outer 
sleeve as viewed in FIG. 1. 

Return flow of fluid from the pressure chamber 15 to 
the reservoir 14 is effected by means of a radial passage 
way 50 (FIGS. 3 and 5) leading into the axial fluid sup 
ply passageway 30 (FIGS. 2, 3, and 5) at a point adja 
cent the upper end of the pressure chamber. The radial 
passageway 50 is normally closed by a manually rotata 
ble, threaded, valve stem 5 holding a valve ball 52 so as 
to block the radial passageway 50. As shown in FIG. 5, 
the valve ball 52 is disposed in an enlarged valve chamber 
53 interposed in the path of the passageway 30 so that 
fluid may normally flow around the seated valve ball 52 
while it is being drawn from the reservoir 14 through 
the supply passageway 30 by the pump or while initially 
filling the hydraulic system with fluid. The valve stem 
51 may be manually retracted by turning a valve handle 
54 so as to release the valve ball 52 from its seat when 
return flow of fluid from the pressure chamber 15 is ini 
tiated by manually telescoping the inner and outer sleeves 
12 and 13 and when fluid is being initially charged into 
the system. 
The pump by which fluid flow is effected from the 

reservoir 14 into the pressure chamber 15, as described 
above, may comprise a barrel or cylinder 55 communicat 
ing and axially aligned with the radial passageway 36. A 
pump plunger 56 is mounted for reciprocation in the 
barrel 55 by means of a handle 57. For this purpose, 
the plunger 56 is provided with an outer end portion hav 
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ing opposed flat sides that are freely fitted between the 
side Walls of a slot 58 milled into the adjacent end por 
tion of the handle 57. A pivotal connection between this 
end of the plunger 56 and the handle 57 is made by a pin 
59. The handle 57 is pivotally mounted on the outer 
sleeve 13 by means of an integrally formed yoke 61 on 
the side Wall of the sleeve and a link 62 pivotally con 
nected at its opposite ends between spaced arms of the 
yoke 61 and between the side walls of the slot 58 in the 
handle 57. 

Limited pivotal movement of the handle 57 is thus 
permitted for reciprocating the plunger 56 in the barrel 
55 of the pump, and thereby drawing fluid from the res 
ervoir 14 and forcing it into the pressure chamber 15. 
The handle 57 also serves as a carrying handle for man 
ually transporting the mechanism 1 from place to place 
where it is to be used. In order to prevent withdrawal 
of the plunger 56 from the barrel 55 while actuating the 
pump or while carrying the mechanism by the handle 
57, a space 63 between the bottom of the milled slot 58 
and the adjacent end of the plunger is provided which 
is only sufficiently great to permit the required ampli 
tude of reciprocation of the plunger. Further outward 
movement of the plunger beyond the desired limit by 
Swinging the handle 47 in the direction of the arrow 64 
in FIG. 1, is positively stopped by engagement of an edge 
66 of the outer end of the plunger with the bottom of the 
milled slot 58 in the handle. 
With the drill steel 10 and associated bit 11 held by the 

split collar 2 in the hydraulic mechanism 1, as described 
above, and with the hook-plate 3 slid into place so as to 
straddle the drill steel, with a flange 67 of the hook-plate 
disposed between the bit and the adjacent end of the hy 
draulic mechanism 1, the pump is actuated to force fluid 
from the reservoir 14 into the pressure chamber 15. This 
drives the inner sleeve 12 upwardly relative to the outer 
sleeve 13, as viewed in FIG. 1, and effects corresponding 
movement of the drill steel, the bit, and the hook-plate 
until the hook-plate engages the lower end of the outer 
sleeve 13. Further upward movement of the bit is thus 
prevented by the hook-plate 3 as the inner sleeve 12, split 
collar 2, and drill steel 10 gripped by the collar are fur 
ther raised relative to the outer sleeve 13. This forcibly 
withdraws the bit from the end of the drill steel. 
As explained above, it is desired that both the reservoir 

14 and pressure chamber 15 be full of hydraulic fluid at 
all times, and that the total volume of these two fluid 
containing chambers remain constant. However, by 
reason of the displacement of the pump plunger 56, the 
volume of the various interconnecting fluid passageways 
and chambers, which should also be full of fluid at all 
times, varies over a range equal to this displacement. 
This change in volume is compensated by the ability of 
the O-ring 21 to move axially with a rolling action in the 
groove 19 so as to vary the effective volume of the reser 
voir. 14 oppositely, but in an amount corresponding to 
the variation in the total volume of the various fluid pas 
sageways and chambers connecting the reservoir 14 and 
pressure chamber 15. This will be understood from the 
fact that the effective volume of the reservoir 14 includes 
the variable volume of fluid present between the actual 
upper end of the reservoir and the axially movable O-ring 
seal 21 defining the effective upper end of the reservoir. 
The principal advantage of this automatic compensa 

tion for the displacement of the pump plunger is that 
the device, in use, may be disposed at practically any an 
gle without an air bubble being introduced into the high 
pressure side of the hydraulic system and disrupting the 
positive application of force that is obtainable in such 
a system, as distinguished from a pneumatic system. 
Also, to whatever small degree hydraulic fluid may escape 
from the system past the high pressure seal 24, 25 while 
the device is in use, compensation for this loss of total 
fluid volume is automatically made by similar axial ad 
justment of the position of the low pressure O-ring seal 
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6 
21 along the groove 19. Any slight leakage of fluid 
from the pressure chamber 15 past the O-ring seal 17 
into the reservoir 14 cannot normally approach the 
pumping rate of the pump and, therefore, does not pre 
sent a problem, the fluid lost from the pressure chamber 
in this way being returned to the reservoir. 14. 
As shown in FIG. 1, the split collar 2 is provided with 

a frusto-conical lower end portion that is removably 
seated in a frusto-conical opening in the lower end of 
the inner sleeve 12 having the same angle of divergence. 
The split collar clamp is also provided with an upper 
peripheral flange 68 which serves as a stop to prevent 
Wedging of the clamp in the frusto-conical opening of 
the inner sleeve 12. The clamp is also provided with 
a frusto-conical internal bore having an apex angle 
preferably the same as the apex angle of the tapered end 
of the drill steel 10. By appropriately selecting the 
minimum diameter of the bore of the clamp 2 so that it 
is substantially smaller than the maximum diameter of 
the drill steel 10, the clamp is capable of applying the 
desired clamping force on the drill steel at the base of 
its tapered end without gouging the surface of the ta 
pered end of the drill steel. Although the drill steel is 
generally wedged in the clamp 2 as the bit is forced off 
from its tapered end, the flange 68 of the clamp prevents 
Wedging of the clamp in the frusto-conical opening of 
the inner sleeve 12. Thus, when the bit has been re 
moved from the drill steel, the drill steel and clamp may 
be freely withdrawn axially, in an upward direction, as 
viewed in FIG. 1, and the clamp then removed from the 
drill steel. 
From the above description of the manner in which 

the clamp 2 is preassembled on the drill steel 10, it will 
be recognized that the two halves 2a and 2b of the clamp 
should be accurately aligned with each other. In order 
to maintain this alignment while permitting separation 

- of the two halves of the clamp for inserting and subse 
quently removing the drill steel, the two halves of the 
clamp may be drilled to provide a pair of holes 5 in 
the clamp portion 2a and a pair of aligned holes 6 of 
slightly larger diameter in the clamp portion 2b. A 
pair of dowels 7 may be press-fitted in the smaller di 
ameter holes 5 and project with a close, but free sliding 
fit in the larger diameter holes 6. 

It will also be recognized that accurate axial align 
ment of the drill steel 10 with the clamp 2 is important 
for insuring that the pull on the bit is truly along the 
axis of the drill steel. In order to maintain this align 
ment while positioning the drill steel in the clamp, the 
clamp portion 2b may have one end of an axially di 
rected arm 8 of angle iron stock or the like welded or 
otherwise rigidly secured thereto. A plate 9 having a 
U-shaped slot 9a therein is similarly rigidly secured to 
the opposite end of the arm 8 so that, when the drill 
steel is seated in the slot 9a, against the bottom thereof 
as shown in FIG. 1 and in phantom outline in FIG. 3, 
the desired axial alignment will be maintained. 

During preassembly of the drill steel and the clamp 
as previously described, the dowels 7 serve to maintain 
the two halves of the clamp in alignment with each 
other during contraction of the clamp about the drill 
steel. The plate 9 serves as a guide against which the 
drill steel is manually held both while positioning the 
clamp on the drill steel and while seating the clamp and 
drill steel in the inner sleeve 12. 
From the foregoing detailed description of the illus 

trated example of a bit puller constructed in accordance 
with the present invention, it will be apparent that a 
simple, rugged, easily portable and operable device has 
been provided having all of the advantages sought in ac 
cordance with the objects of the invention described 
above. While the invention has been described herein 
with detailed reference to a specific illustrative embodi 
ment thereof, it will be understood that the invention is 
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not limited to such details except as required by the 
terms of the appended claims. 

Having described our invention, we claim: 
1. A force applying mechanism comprising an outer 

sleeve having a generally cylindrical bore and having 
a force applying end adapted to bear against a tool grip 
ping member, a concentric inner sleeve slidable axially 
in said bore, said inner sleeve having an internal annu 
lar flange at one end thereof defining a frusto-conical 
opening concentric with said bore and tapering toward 
an apex located outwardly beyond said flange adjacent 
the force applying end of said outer sleeve, a split col 
lar for gripping a shaft against which an axial force is 
to be applied while the outer sleeve bears against said 
gripping member, said collar comprising at least two 
Separable segments normally engaged one with another, 
said segments, when so engaged, defining a frusto-con 
ical outer surface seated in surface-to-surface contact 
with the frusto-conical surface of the opening in said 
inner sleeve and also defining a frusto-conical bore con 
centric with said first frusto-conical opening and con 
verging in the same direction, whereby a tapered end of 
a shaft may be extended in the same direction into said 
frusto-conical bore and wedged therein against further 
movement in said direction relative thereto, and said 
collar may in turn be held in the frusto-conical opening 
in said inner sleeve against movement in said direction 
relative to said inner sleeve, and means mounted on 
one of Said sleeves and actuatable to exert a force be 
tween the two sleeves for effecting axial movement of 
said inner sleeve in the reverse direction relative to said 
outer sleeve to forcibly effect corresponding movement 
of said shaft relative to said outer sleeve. 

2. A force applying mechanism according to claim 1, 
including external circumferential flanges on the seg 
ments of said split collar, said flanges being located to 
move axially into engagement with the internal flange 
on said inner sleeve when said collar moves axially to 
seat the outwardly frusto-conical surface thereof in said 
frusto-conical opening. 

3. A force applying mechanism according to claim 1, 
including external circumferential flanges on the seg 
ments of said split collar, said flanges being located to 
move axially into engagement with the internal flange 
on said inner sleeve when said collar moves axially to 
seat the outwardly frusto-conical surface thereof in said 
frusto-conical opening, and means associated with said 
split collar for resiliently resisting radial separation of 
said segments thereof. 

4. In a force applying device including an outer sleeve 
and a coaxial inner sleeve slidable therein along the 
common axis of the sleeves, spaced opposed surface por 
tions of said inner and outer sleeves defining therebe 
tween an annular fluid reservoir and an annular fluid 
pressure chamber axially spaced from said reservoir, 
means operable to force hydraulic fluid from said reser 
voir into said pressure chamber under pressure for caus 
ing relative axial movement of said sleeves in one di 
rection, and means independently operable to permit 
return flow of hydraulic fluid from said pressure cham 
ber into said reservoir to permit reverse relative move 
ment of said sleeves; the improvement comprising ra 
dial offsets in opposed cylindrical surfaces of said sleeves 
defining the opposite end wall areas of both said reser 
lvoir and said pressure chamber, said radial offsets in 
cluding opposed end wall offsets respectively disposed 
on said inner and outer sleeves in association with said 
Teservoir for movement toward each other to reduce the 
volume of the reservoir when the sleeves are moved in 
said one direction, and opposed end wall offsets respec 
tively disposed on said inner and outer sleeves in asso 
ciation with said pressure chamber for movement away 
from each other to increase the volume of said pressure 
chamber when the sleeves are moved in said one direc 
tion, the areas of said offsets being proportioned so that, 
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8 
upon relative axial movement of said sleeves, the reser 
voir and pressure chamber undergo equal and opposite 
changes in volume. 

5. In a force applying device according to claim 4, 
a hydraulic fluid seal disposed axially beyond the end of 
said reservoir remote from said pressure chamber, said 
seal comprising an annular groove in one of said sleeves 
opening toward the other sleeve, and an elastic O-ring 
'disposed in said groove and surrounding the inner sleeve, 
said O-ring being under radial compression between the 
bottom of said groove and said other sleeve, and said 
groove being of substantially greater axial width than 
the axial dimension of said O-ring in the assembly, 
whereby said O-ring may move axially along the bottom 
of said groove to vary the effective volume of the reser 
voir between it and the O-ring. 

6. In a force applying device according to claim 4, 
a hydraulic fluid seal disposed axially beyond the end of 
said reservoir remote from said pressure chamber, said 
seal comprising an annular groove in one of said sleeves 
opening toward the other sleeve, and an elastic O-ring 
disposed in said groove and Surrounding the inner sleeve, 
said O-ring being under radial compression between the 
bottom of said groove and said other sleeve, and said 
groove being of substantially greater axial width than 
the axial dimension of said O-ring in the assembly, 
whereby said O-ring may move axially along the bottom 
of said groove to vary the effective volume of the reser 
voir between it and the O-ring, said means operable to 
force hydraulic fluid from said reservoir into said pres 
sure chamber comprising a displacement pump and as 
Sociated passageways, and the displacement of said pump 
being less than the change in the effective volume of 
said reservoir resulting from movement of said O-ring 
between the extremes determined by the axial width of 
said groove. 

7. A bit puller comprising an outer sleeve and a co 
axial inner sleeve slidable therein along their common 
axis between a telescoped retracted relationship in which 
they are approximately coterminal at one end and an 
extended relationship in which said one end of said outer 
sleeve projects beyond said one end of said inner sleeve, 
imeans on said inner and outer sleeves defining therebe 
tween an annular fluid pressure chamber for causing rel 
ative axial movement of said sleeves from their retracted 
to their extended relationship in response to fluid pres 
Sure in said pressure chamber, means mounted on said 
outer sleeve and connected to said pressure chamber 
to selectively force a hydraulic fluid into said pressure 
ohamber under pressure and to permit exhaustion of 
fluid therefrom, a drill steel clamp for gripping the ta 
pered end portion of a drill steel with the bit carrying 
tip thereof. Spaced beyond an outer end of the clamp, 
means adjacent said one end of said inner sleeve for re 
ceiving said clamp when moved into and through the in 
ner sleeve toward said one end thereof and for limiting 
further movement of the clamp in the same direction 
when said outer end thereof is approximately aligned 
with said one end of said outer sleeve, and a U-shaped 
hook-plate insertable in straddling relationship to the 
projecting tapered end portion of a drill steel so gripped 
by the clamp between said leading end of the clamp and 
a bit on the tip of the drill steel, said hook-plate extend 
ing transversely into the path of the outer sleeve at di 
ametrically opposite points thereon for forcible engage 
ment thereby when said sleeves are moved toward their 
extended relationship. 

8. A bit puller comprising an outer sleeve and a co 
axial inner sleeve slidable therein along their common 
axis between a telescoped retracted relationship in which 
they are approximately coterminal at one end and an 
extended relationship in which said one end of said outer 
sleeve projects beyond said one end of said inner sleeve, 
means mounted on one of said sleeves for causing rela 
tive axial movement thereof from their retracted to their 
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extended relationship, a drill steel clamp for gripping the 
tapered end portion of a drill steel with the bit carrying 
tip thereof spaced therebeyond, means on said inner 
sleeve adjacent said one end thereof for receiving said 
clamp when moved into and through the inner sleeve 
toward said end thereof and for limiting further move 
ment of the clamp in the same direction when an outer 
end thereof is approximately aligned with said one end 
of said outer sleeve, and a U-shaped hook-plate insert 
able in straddling relationship to the projecting tapered 
end portion of a drill steel so gripped by the clamp be 
tween said leading end of the clamp and a bit on the 
tip of the drill steel, said hook-plate extending trans 
versely into the path of the outer sleeve at diametrically 
opposite points thereon for forcible engagement thereby 
when said sleeves are moved toward their extended re 
lationship. 

O 
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