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Patented Apr. 27, 1954 2,676,464 

UNITED STATES PATENT OFFICE 
2,676,464 

HYDRAULC MPACT PULSATOR TRANS 
MISSION SYSTEM 

Charles F. Warren, Milwaukee, Wis., assignor, by 
mesne assignments, to Charles F. Warren, Jr. 
Application April 12, 1946, Serial No. 661,542 

(CI. 60-54.5) 13 Claims. 
1. 

The invention relates generally to hydraulic 
impact transmission systems and more, particu 
larly to a system adapted to transmit impacts 
by means of a reciprocating column of fluid. It 
is the general object of the invention to provide 
a new and improved system of this character. 
Another object is to provide a hydraulic in 

pact transmission system for use with portable 
impact tools; and particularly one having a con 
duit between an impact producing unit and an 
impact tool unit, means in the impact unit for 
filling the conduit with a fluid (as for example, 
oil or other suitable liquid), and for maintain 
ing a column of fluid in the conduit under Static 
pressure, means for imparting rapid reciprocat 
ing movement to the rigid column so formed, and 
means at the impact tool unit end of the con 
duit forming a restricted return outlet for ex 
cess fluid supplied to the conduit. A further ob 
ject is to provide such a system with manually 
operable means at the impact tool unit for en 
larging the return outlet for the fluid so as to 
relieve the pressure on the column and stop 
the operation of the tool. 
Another object is to provide an impact trans- : 

mission system with an impact producing unit, 
an impact tool unit and pressure fluid Supply 
and return conduits connecting the impact unit 
with the impact tool unit, together with control 
means carried on the tool unit for starting and 
stopping the operation of the tool when the in 
pact unit is in operation. 
Another object is to provide a new and im 

proved impact tool unit for transmission SyS 
tem. 
A further object is to provide a new and in 

proved hydraulic impact transmission system em 
bodying a reciprocable rigid column of fluid, 
means for reciprocating the column, means con 
nected to one end of the column for supplying 
fluid thereto at a rate: in excess of the leakage 
therefron, and means at the other end of the col 
umn for controlling the discharge of excess fluid 
therefrom. 
Other objects and advantages will become 

readily apparent from the following detailed de 
scription taken in connection with the accom 
panying drawings in which: 

Fig. 1 is a perspective view of a preferred form 
of the invention. Fig. 1a is a perspective view 
thereof on a reduced scale with two impact tool 
units. Fig. 2 is a vertical section approximately 
along the line 2-2 of Fig. 3 of the pumping unit 
thereof. Fig. 3 is a plan, section along the line 
3-3, of Fig. 2. Fig. 4 is a vertical Section. On 
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a reduced scale along the line 4-4 of Fig. 2... Fig. 
5 is a vertical central section through the im 
pact tool unit. Fig. 5a is an enlarged fragmen 
tary view of a portion of Fig. 5. Fig. 6 is a frag 
mentary section along the line S-6 of Fig. 5. 
Fig. 7 is a similar fragmentary section with the 
control valve in an alternative position. 
While my invention is susceptible of embodi 

ment in many different forms, I have shown in 
the drawings and will herein describe in detail 
one such embodiment, with the understanding 
that the present disclosure is to be considered as 
an exemplification of the principles of the in 
vention and is not intended to limit the inven 
tion to the embodiment illustrated. The Scope 
of the invention will be pointed out in the ap 
pended claims. 

In the form selected for purposes of disclo 
sure this invention is embodied in a hydraulical 
ly actuated impact tool system comprising gen 
erally a pumping or impact producing unit A 
(Fig. 1), an impact tool B, a supply conduit C 
connecting the pumping unit to the impact tool 
for conducting a fluid (such as oil) under pres 
sure to operate the impact tool and a return 
conduit ID for returning the operating fluid to 
the pumping unit. As shown in Fig. 1d, a pair 
of impact tool units B are connected to an im 
pact producing unit. A, the unit A and a drive 
motor E therefor being mounted. On a common 
frame F. As shown, a belt Gruns from a pulley 
on the motor to a pulley H on the drive shaft 
of the unit A. -- 

Impact tools of the character to which this in 
vention relates are in the nature of hammers, 
drills and tampers, which are similar in function 
to corresponding pneumatically driven tools. 
However, such tools... of the pneumatic type 
require the provision of an air compressor 
unit - accompanied by an internal combustion 
motor or other prime ... mover of substan 
tial power, whereas the combination of an 
impact unit or pump and an impact tool 
directly connected to the pump by means of a 

5 flexible conduit which confines a continuous and 
rigid column of fluid under pressure extending 
from the pump to the tool, constitutes a much 
more efficient mechanism and employs only a 
fraction of the power of the pneumatic system. 
for driving the pump and operating the tool. 
The present invention is an improvement in hy 
draulic impact transmitting systems of the type 
embodying a rigid reciprocable column of oil 
(or other... liquid) and constitutes an improve 
ment in the system of Patent No. Re.22,122, is 
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sued to Charles F. Warren and William R. Smith, 
dated June 6, 1942. 

In the form illustrated the pumping unit is 
adapted to operate two impact tool units. The 
Operating elements of the pumping unit are 
mounted in a housing which serves also as a res 
ervoir for the hydraulic fiuid, and as seen in 
Fig. 1 is of substantially rectangular form ex 
cept that the top wall 2 and One end wall 3 are 
Connected by a curved portion 4 substantially 
Concentric With the axis of a drive shaft 5. This 
Shaft extends through a hollow boss 6 in one side 
wall of the housing, and the boss 6 provides 
a pocket O recess Sa which Seats the roller bear 
ing 7 for the shaft together with a packing element 
8. A circular opening 9 in the opposite side wall 
of the housing is large enough to permit inser 
tion or withdrawal of the shaft 5 with its driv 
ing eccentrics C, O together with the bearing 
aSSembly; and this opening 9 is closed by a cover 
plate , which includes an inwardly open pocket 
or receSS a to Support a roller bearing 2 for 
the inner end of the shaft 5. Each of the eccene 
trics O carries a ring 3 confined between a 
flange 0 and a retainer ring 0 with inter 
posed bearing rollers 4, so that the eccentric 
may turn freely Within the ring 3. Thus in the 
process of assembly, the shaft 5, with its bearings 
T and 2 in place and with its eccentrics 3 fitted 
with their rings 4, may be inserted as a unit 
through the opening 9, and its mounting in the 
housing Will be completed by application of the 
cover plate and securement, thereof by means 
of fastening ScreWS 5. It may be understood 
that the projecting end of the shaft 5 Will be 
fitted with any Suitable pulley or gear for oper 
ative connection with a prime mover such as an 
electric motor or internal combustion engine. 
The pumping device proper is contained in a 

cylinder block or casting f6 having a circular 
inner end portion which fits Snugly into a cir 
cular opening 8 in a diaphragm or partition 
Wall 9 extending across the housing , as seen 
in Figs. 2 and 3. This provides support for the 
inner end of the casting 6 and locates the closed 
eads of the pistons 20, 20 in Operative relation 
to the rings i3 on the driving eccentrics O, O. 
At its Outer end the Casting 6 is formed With a 
fiange 2 having a circular shoulder 22 which 
fits into a circular opening 23 in the end Wall 24 
of the housing . The pumping device is Secured 
in place by screws 25 extending through Said 
flange 2 and into the end Wall 24, adjacent its 
opening 23. Thus the insertion of the unit 6, 
with the pistons 20 and other operative parts 
already assembled in it, Completes the assembly 
of the pumping device. 
Each of the pistons 20 is hollow and Open at 

one end to accommodate a spring 26 which reacts 
against the end wall of a chamber 27 formed 
in the casting 6; and each piston includes a 
larger portion 20 and a slightly smaller. portion 
29, the casting 6 being formed with corresponds 
ing bores 68 and 6b in which these portions of 
the piston reciprocate respectively. The bore 
6b communicates directly with the chamber 27, 
and said chamber terminates in a threaded 
opening into which the terminal 28 of the flexible 
conduit or hose C is secured, as seen in Fig. 2. 
Thus, when the hollow piston 20 and chamber 2 
and conduit C are filled with hydraulic fluid un 
der pressure, the reciprocatory movements of the 
piston are transmitted longitudinally by the rigid 
column of fluid to the impact tool B, as hereini 
after more fully described. 
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4. 
The lower portion of the housing serves as a 

reservoir for the fluid which will be maintained 
always at a level considerably above the lower 
end of the supply pipe 30 which depends from the 
pump casting 6 and is secured therein by a gland 
3 which also supports the valve seat 32 for a 
ball check valve 33 normally seated by its Spring 
34. The check valve 33 controls access to an an 
nular passage 35 formed in the casting 6 at the 
junction of the bores 68 and 6b. The shoulder 
200 of the piston 20 which defines the outer end 
of the larger portion 20 operates as a secondary 
piston head as said larger portion 20 of the pis 
ton reciprocates in the bore 6. As the piston 
moves toward the axis of the shaft 5, the suction 
or partial vacuum operating in the annular paS 
sage 35 lifts the check valve 33 from its Seat and 
tends to draw fluid through the supply pipe 30 
into the passage 35 and into the bore 6 adja 
cent the shoulder 20 of the piston. Then, upon 
the return stroke of the piston, the shoulder 20 
forces the fluid past a second check Valve 36 and 
through a passage 37 which leads into the chan 
ber 2. 
In the construction herein illustrated, with the 

two eccentrics O, O set 180° apart on the shaft 
5, the mechanism is in the nature of a duplex 
pump with the two pistons 20, 20 operating alter 
nately and thus transmitting separate impulses 
through two conduits C which are connected re 
spectively to the two chambers 27. 

In operation it is most convenient to use oil for 
the impact transmitting medium and to employ 
the same oil for lubrication of the mechanism; 
accordingly, the Web or partition 9 is formed 
with an opening in its lower portion which af 
fords communication between the Space in the 
housing directly under the drive shaft 5 and the 
space extending below the pump cylinder casting 
6. Preferably this opening is covered by a 

screen. A connection device 5 for the return 
conduit D is removable from the top Wall above 
the shaft 5 for adding oil as required. The fluid 
returned through the conduit D is discharged On 
to the operating parts to lubricate them. Al 
though the feed tubes 30 and check valve aSSemi 
blies 3, 32, 33, 34 can be originally attached to 
the cylinder casting 6 and entered With it 
through the opening 23, it may be desirable to 
remove these parts occasionally Without With 
drawing the cylinder units and to facilitate this 
the bottom wall of the housing is formed with 
threaded openings directly below the tubes 30, 
these openings being normally closed by Screw 
plugs 53, as shown in Fig. 2. 
As illustrated in the drawings, the impact tool 

B (Figs. and 5 to 7) comprises a tubular barrel 
50 having a cylinder 5 formed in the upper por 
tion thereof, a bore 52 in the middle portion there 
of, and a slightly larger bore 53 in the lower end 
thereof. Ahead member 54 is screw threaded to 
the upper end of the barrel and has handle por 
tions 55 and 56 adapted to facilitate use of the 
tool. At its lower end, a bushing 5T is pressed 
into the bore 53 and has a hexagonal opening 58 
therethrough in which the shank. 59 of a tool 60 
is slidably guided. A tool retainer. is shown as 
comprising a collar 6 screw threaded on to the 
barrel at 62 and a cup-shaped retaining member 
63. The cup-shaped member has an opening 64 
through which the tool extends and is formed 
at its upper end 65 to interengage a beveled por 
tion 66. On the collar 6. 

For striking or imparting impacts to the tool 
60 a plunger or impact member 70 is reciprocably 



5 
mounted in the bore 52 of the barrel and is formed 
with a longitudinally extending bore 7. Fluid 
Supplied to the impact tool unit B through the 
conduit C passes through a connection 2 to a 
bore 73 in the head member 54 and thence through 
a horizontal bore 74 to a vertical bore 75 posi 
tioned in the head member axially of the barrel 
50. A tube 76 communicates at its upper end 
With the bore 5 in the head member and at its 
lower end with the bore 7 in the impact member 
70 so that fluid supplied to the tool unit acts upon 
the end surface 77 of the bore 7 to move the 
impact member 70 downwardly through a stroke 
and to cause said member to strike the upper end. 
of the tool shank 59. The flow of fluid to the im 
pact member 0 is controlled by a valve 80 here 
inafter more fully described. 
Although the tube 76 may be secured rigidly, to 

the head member 64 and have a sliding and seal 
ing fit in the bore , in the for n shown a flexible 
ball and socket joint 8 is provided between the 
upper end of the tube 76 and the head member 54 
and a ball and socket joint 82 is provided between 
the upper end of the impact member 70 and the 
lower portion of the tube 76. The upper joint 8 
comprises a ball member 83 sealed tightly on a 
reduced portion 84 of the tube 76, a socket formed 
partly on the head member 54 and partly on a 

10 

20 

collar 85 which is screw threaded at 86 into a 
recess in the head member, and an annular seal 
ing ring 87 of resilient material such as rubber 
or Synthetic rubber positioned in an annular re 
cess 88 formed by the head member and collar 85. 
The lower joint 82 comprises a ball member 90 
having a sliding fit on the tube 76, a socket formed 
partly in the piston member 70 and partly in the 
collar member 9 screw threaded at 92 into a re 
cess in the piston member, and a sealing ring 93 
positioned in a receSS 94 in the piston member. 
As shown more clearly in Fig. 5a, the sealing ring 
is positioned in the upper portion of the recess 
94 and is slightly compressed between the right 
hand surface of the recess and the surface of the 
ball member 90. The surface 96 against which 
the collar member 9 seats is preferably in the 
same plane as the center of the ball member 90. 
If the fluid under pressure in the tube 6 has a 
tendency to pass between said tube and the bore 
7 of the impact member 70 and leak across the 
lower spherical surface of the ball member 90, 
any fluid reaching the recess 94 and creating 
a pressure therein serves to distort or flatten the 
sealing ring 93 and increase the sealing contact 
thereof with the hall member and the surface of 
the recess 94. The joint between the bottom of 
the collar 9 and the surface 98' is therefore on 
the low pressure side of the sealing ring and the 
sealing ring serves to seal that joint as well as 
the Spherical joint between the lower portion of , 
the ball, and the socket. The upper ball and 
socket joint 8 is similarly arranged so that the 
joint between the collar 85 and the head member 
54 is on the low pressure side of the sealing ring 
87. These ball and Socket joints are more fully 
disclosed and claimed in my co-pending applica 
tion Serial No. 595,016, filed May 21, 1945, on 
Flexible Pipe Joints, now Patent No. 2,564,938, 
dated August 2, 1951. 
By providing flexible joints intermediate the 

tube 76 and the parts 5 and 70, it is possible to , 
obtain smooth and efficient operation even though 
the bores 75 and f are not in alinement. 

. . . The impact member 20 may be returned up 
Wardly through the return stroke of its movement 
by resilient means acting upwardly thereon. As 
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shown herein, this means comprises an air cushion 
created in a chamber Of in the bore 5 of the bar 
rel below a piston 96 which is formed integrally 
with the upper end of the impact member 70 and 
slides in the bore 5. The barrel is provided 
with a series of horizontally extending ports 97, 
98, 99, 190, in the side wall thereof and which 
communicate with the bore 5 to admit air there 
through during the upward stroke of the piston 
96. During the downward stroke of the piston, 
a quantity of air is trapped in the chamber 0 
and is compressed during the final downward 
movement of the impact member 0 to form the 
air cushion. An impact tool of this type is more 
fully disclosed and claimed in my co-pending ap 
plication Serial No. 576,767, filed February 8, 1945, 
entitled Hydraulic Impact Tool, now Patent No. 
2,624,177, dated January 6, 1953. 

In the preferred form disclosed herein, my in 
vention differs in part from the hydraulic in 
pact tool system of U. S. Letters Patent, Re. 
22,122 of June 16, 1942, and that of the co-pend 
ing application of Charles F. Warren and Karl F. 
Kuehn, Serial No. 442,730, filed May 13, 1942, now 

5 Patent No. 2,397,174, dated March 26, 1946, by 
providing in the head member 54 of the impact 
tool unit, a control for the output fluid pressure 
of the pumping unit A. As illustrated herein, this 
control comprises the rotary valve 80 located in 
the bore 74 and provided with an operating han 
dle 05 projecting downwardly from the handle 
55 through a slot 06 therein. Preferably, seal 
ringS 97 are provided in the rotary valve mem 
ber to prevent leakage through the slot C6, and 

5 a port 8 extends longitudinally through the 
valve member to equalize the pressure on both 
ends thereof. A plug 09 closes the left hand end 
(Fig. 5) of the bore 74. The right hand end of 
the valve member 80 has a bore Otherein and 
a recess cut in the side wall thereof so that 
an edge f2 of the recess controls a fluid return 
port 3 in the head member. The port. 3 
communicates with a fitting f 4 (Fig. 1) to which 
the adjacent end of the fluid return conduit D 
is connected. The other end of the return con 
duit is connected to the fitting 5 secured in a 
threaded bore 6 (Fig. 2) in the upper wall of 
the housing of the pumping unit, so that oil 
returned to the pumping unit from the tool is 
discharged on to the projecting ends of the pis 
tons 20, the eccentric devices on the drive shaft 
5 and the shaft bearings. In this way, the op 
erating parts are continuously lubricated. 

in operating the form of the invention illus 
trated in the drawings, it is contemplated that 
the drive shaft 5 of the pumping unit will be 
driven from a suitable prime mover such as an 
electric motor E by means of a belt G operating 
on a pulley H on the shaft 5 and which may be 
started when the system is to be used and stopped 
when the System is to be shut down completely 
for an extended period of time. As shown in 
Fig. 1d the motor and pumping unit are mounted 
on a support F which is generally portable. Upon 
starting such prime mover and driving the shaft 
5, the pistons 2G are reciprocated in their cyl 
inders, the power strokes being produced by the 
eccentric devices on the shaft and the return 
strokes by the coiled springs 26 (Fig.2). During 
Such reciprocation of the pistons, the secondary 
pistons 29 function as makeup pumps to draw 
oil from the reservoir in the bottom of the hous 
ing chamber, through the tubes 30 and past the 
check valves 33 and to force such fluid past the 
check valves 36 and through the passages 37 into 



it: Lila attulip Julii - - - - - secondary 
pistons 20 operate continuously to supply fluid 
to the hydraulic columns formed between the 
pistons 20 and the tool impact members 79. This 
fluid is pumped at a rate in excess of leakage 
from the system. In a system utilizing a conduit 
of three-quarters inch internal diameter, a rate 
of eleven gallons per hour has resulted in suc cessful operation, although the quantity may 
readily be varied. " ' " " ' " ' 

Referring now to one system, with the hy 
draulic column formed in the conduit C between 
a piston of the pumping and one impact tool unit 
B, the control for the operation of that impact 
tool unit is in the valve 80. When this valve is in its open position as shown in Figs. 5 and 6, the 
iteturn port ?3 is wide open and permits a quan 
tity of fluid, equal to that pumped by the make 
up pump, to return freely to the conduit D. 
Under such conditions the fluid in the hydraulic 
column between the pistons 20 and 10, is not 
under sufficient pressure to actuate the impact 
member 70. The impact tool B is therefore idle. Upon shifting the valve 80 from the position 
of Figs. 5 and 6 to that illustrated in Fig. 7, the 
return port 3 is almost closed with the result 
lat the pressure in the hydraulic column builds 

ip to a maximum value effective to actuate the tool impact member 70 through its impact pro 
ducing strokes, the member 70 and the hydraulic 
column being moved through a return stroke by 
he operation of the air cushion in chamber fol, 
v3 v. -- in functioning as a resilient backing 

for the impact member. Under these conditions, the impact member 70 reciprocates at a high rate 
pf speed and in unison with the regiprocations of 
the pump piston'20, the hydraulic column of 
fluid between the pump piston and the tool in 
pact member then being under such high pres 
sure (preferably 400 or more pounds per square 
inch) that it is in effect, a rigid reciprocable col 
inn. This column imparts to the impact tool 
60 substantially the full force exerted by the 
prime mover on the pistons 20. 
The force of the blows produced by the tool 

impact member 70 on the tool 60 may be con 
trolled by the valve 89 by moving the valve to 
various positions intermediate the wide open 
and clo r : in the 
cQnduit. 3 thus forms a con trollable orifice through which the makeup fluid 5. 
(in quantities in excess of leakage) must pass 
before reaching the return conduit D. The fluid 
passing through the orifice is at a substantially 

"As the pressure in the column increases from 
the idle condition (in which the valve 80 is wide 
open) to the normal operating condition (in 
which the valve 80 is in the position of Fig. 7), 
the strokes of the impact member are first short 
and confined to the lower portion of the bore 
52 (Fig. 5) and the column is relatively long. 
As the pressure and therefore the rigidity of the 
column increases, the column shortens slightly 
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pump piston and the relative cri 
areas of the pump piston and the 
ber. . . . . . . * * * * *- : * '' 

y locating a pressure control valve in the 
handle of the impact tool, advantages accrue in 
addition to the convenient control for ano 
tor. Since an impact tool is generally in use 
about 50% of the time the pumping unit is in 
operation, the continued circulation of fluid 
through the supply and return conduits when 
the tool is not in operation functions to cool the 
fluid and thereby keep the temperature of the 
conduits and other parts which confine the hy 
draulic column at a minimum. If during to 
tion of the tool unit the conduit should have 
vibrational movements due to the reciprocatign 
of the rigid hydraulic column, such movements 
of the conduit stops when the tool unit is iridpi. 
erative, thus saving wear and tear on the con 
duit. The rigidity of the column is built up (g 
destroyed) under the control of the valve 80 a 

unit is in operation. 
"When a single impact tool unit is used with an 
impact producing unit of the type hereindis 
closed (having two pump pistons 20) mea 
preferably provided to bypass the flui 
system which is not in use. As shown in Fig. 
Such a bypass means comprises a port 120 leading 
from chamber 27 to a valve port 2 f whic 
charges through a passage 22 into the reservc 
in the housing . A valve 23 controls the po 
42 and is adjustable from exteriorly of the 
ing by means of a hand device (24. This 
is closed (as shown) when the system is in and is opened to bypass fluid from the cha. 
2. . . . . . “. . . . . . . . ... - - - - - - - - : 

I claim: 
1. A hydraulic impact transmitting system 

comprising, in combination a "flexible conduit 
adapted to contain a column of fluid, an in 
pact producing unit connected to orie end of the conduit and comprising means for imparting for 
ward strokes to a reciprocable rigid column of 
fluid therein, an impact tool unit connected to 
the other end of said conduit and comprising 

return conduit for conducting such excess make 
up fluid back to the make-up fluid supply means. 2. A hydraulic impact transmitting systen 
comprising in combination, a flexible conduit, a column of fluid therein, an impact producing 

nnected to one end of the conduit and 
mprising means for imparting for strokes 
iaid column of fluid, an impact tool unit con 

nected to the other end of said conduit and con 
prising means including an impact ; : 
driven in the other end of said conduit bysa. 
column of fluid, means for imparting return 
strokes to said column, means for supplying fluid 
to said conduit in a quantity substantially in 
excess of the leakage therefrom, and a valve at 
the impact tool unit end of the conduit operable 
to control an orifice through which the excess 

unit co 

fluid escapes from the conduit. 3. A hydraulic impact transmitting system   
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to contain a column of fluid, a first closure recip 
rocably mounted on one end of the conduit and 
sealing that end of the fluid column, an impact 
producing unit connected to said end of the con 
duit and comprising means for actuating Said 
closure to impart strokes thereto, an impact tool 
unit connected to the other end of said conduit 
and including an impact member reciprocable in 
the other end of said conduit and sealing the. 
other end of the fluid column, means for supply 
ing make-up fluid to said conduit at a rate in 
excess of the leakage therefrom to form a rigid 
column of fluid between said closures, valve con 
trolled means at the impact tool unit end of the 
conduit operable to control the size of an Orifice 
through which the excess make-up fluid escapes 
from the conduit, and a return conduit for con 
ducting such excess make-up fluid back to the 
make-up fluid Supply means. 

4. A hydraulic impact transmitting System 
comprising, in combination, a conduit, a first 
closure reciprocably mounted in one end of the 
conduit, a relatively stationary impact produc 
ing unit connected to said end of the conduit and 
comprising means for actuating Said closure to 
impart strokes thereto, means for driving Said 
actuating means, a portable impact tool unit con 
nected to the other end of said conduit and in 
cluding an impact member forming a closure 
reciprocable in the other end of Said conduit, 
means in said impact producing unit for Supply 
ing fluid to said conduit at a rate in excess of the 
leakage therefrom to fill the conduit and form a 
rigid column of fluid between said closures, valve 
controlled means at the impact tool unit end of 
the conduit operable to control an orifice through 
which the excess fluid escapes from the conduit, 
and a return conduit for conducting Such excess 
make-up fluid back to the fluid Supply means. 

5. A hydraulic impact transmitting System 
comprising, in combination, a conduit, a first 
closure in one end of the conduit and reciproca 
ble between spaced positions, a second closure in 
the other end of the conduit, means for Supply 
ing fluid to said conduit at One end thereof in a 
quantity in excess of the leakage therefrom when 
the system is in operation, means for reciprocat 
ing said closures and the column of fluid there 
between as an integral unit, a second conduit ex 
tending from said first conduit at a point ad 
jacent said second closure to said fluid supply 
means for returning excess fluid to the Supply 
means, and valve means located adjacent the 
junction of said conduits for controlling the past 
sage of fluid from the first conduit to the Second 
conduit. 

6. A hydraulic impact transmitting System 
comprising, in combination, a flexible conduit, a 
first closure reciprocable in one end of the con 
duit, an impact member reciprocable in the other 
end of the conduit, a rigid reciprocable fluid col 
umn occupying said conduit and having its ends 
in direct contact with said closure and impact 
member and operable to transmit motion there 
between, means for imparting strokes in one di 
rection to said column comprising an actuating 
device for said closure, means for imparting re 
turn strokes to said column operable on said im 
pact member, means connected to the closure end 
of said conduit operable to supply make-up 
fluid to the conduit in quantities in excess of leak 
age therefrom, an orifice in Said conduit adja 
cent said impact member and operable when open 
to discharge the excess make-up fluid and re 
lieve the pressure of the fluid in said column and 
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10. 
operable when partially closed to permit the 
pressure of the fluid in the column to build up to 
an operating value, and a return conduit for Con 
ducting excess fluid from the orifice to the make 
up fluid supply means. 

7. A hydraulic impact transmitting system 
comprising, in combination, a conduit, a first 
closure reciprocable in one end of the conduit, 
an impact member reciprocable in the other end 
of the conduit, a rigid reciprocable Couinn. Of 
liquid occupying said conduit and having its ends 
in direct contact with said closure and impact 
member and operable to transmit motion there 
between, means for imparting strokes in one di 
rection to said column comprising an actuating 
device for said closure, means for imparting re 
turn strokes to said column operable on Said 
impact member, means operable to supply liquid 
to the conduit in quantities in excess of leakage 
therefrom, an orifice in said conduit adjacent 
said impact member operable when open to ex 
haust the excess liquid and relieve the pressure 
of the liquid in said column and operable when 
partially closed to permit the pressure of the 

5 liquid in the column to build up to an operating 
value and means for controlling said orifice. 

8. A power transmission system comprising, in 
combination, a conduit, a column of liquid there 
in, closures reciprocably mounted at the ends of 
the conduit and forming the ends of the column, 
means for imparting strokes in one direction to 
the closure at one end of the column, means at 
said one end operable to supply liquid continu 
ously to the conduit to maintain the column of 
liquid therein, means backing the closure at the 
other end of the column operable to impart re 
turn strokes to the closures and column, a return 
conduit leading from an outlet orifice in said 
other end of the column to return liquid to said 
Supply means, and means at said other end of the 
Column operable to control the pressure of the 
liquid in the first mentioned conduit by con 
trolling the outlet orifice through which liquid 
passes therefrom to the return conduit. 

9. A power transmission system comprising, in 
Combination, a conduit, a column of liquid there 
in, closures reciprocably mounted at the ends of 
the Conduit and forming the ends of the column, 
means for imparting strokes in one direction to 
the closure at one end of the Column, means at 
said one end operable to supply liquid continu 
ously to the conduit in a quantity in excess of 
that necessary to maintain the column of liquid 
therein, resilient means backing the closure at 
the other end of the column operable to impart 
return strokes to the closures and column, and 
means at said other end of the column operable 
to control the pressure of the liquid in Said Con 
duit by varying an outlet orifice for liquid there 
from. 

10. In a hydraulic System comprising a hy 
draulic column, a power actuator at one end of 
the column, a sump associated with said actuator, 
and a constantly operating makeup pump having 
connections for delivering hydraulic fluid from 
said sump into said column; a tool comprising a 
cylinder with which such column communicates, 
a plunger reciprocable in the cylinder subject to 
motion transmitted thereto by Said column from 
said actuator, a return passage in Said tool in 
communication with said Sump for the return 
of excess makeup fluid to said Sump, and a valve 
for which said tool provides a seat and which 
is operatively disposed in said passage for the 
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control of return fluid, whereby to regulate the 
pressure in said Column. 

11. In a device of the character described, a 
tool having a hydraulic cylinder, piston, and hy 
draulic operating connection for use with an ac 
tuator which includes a makeup pump for sup 
plying hydraulic fluid to said connection, and an 
impactor for transmitting hydraulic shock 
through such fiuid when the fluid is under con 
pression, said tool being provided with a fluid 
relief port and a valve controlling the discharge 
of fluid therethrough, said valve regulating the 
pressure of the hydraulic fluid and the effect of 
said impactor on the tool. 

12. In a System comprising a hydraulic Con 
duit and an impact mechanism including liquid 
storage means, a nakeup pump for delivering 
liquid from Said storage means into said conduit 
and an impactor for delivering successive shocks 
to a column of liquid under pressure in said Con 
duit; a tool operated by shocks thus delivered 
and comprising a piston, a cylinder with which 
said conduit communicates and in which said 
piston operates, and means for controlling hy 
draulic pressure in said conduit, said means com 
prising a relief Walve at said tool capable When 
open. Of discharging liquid at least approximately 
as fast as Such liquid is Supplied to the conduit. 

13. A hydraulic impact transmitting systern 
comprising, in combination, a Sump for hydraulic 
liquid, conduits including an outgoing section 
and a return section connected to each other and 
to said Sump to comprise a circulatory system 
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for the hydraulic liquid, a pump for delivering 
liquid from said sump under pressure into the 
outgoing section, an impact transmitter compris 
ing a reciprocable face exposed to the liquid in 
One of said Sections, an impact receiver compris 
ing a reciprocable face exposed to the liquid in 
one of said sections, and a restrictor controlling 
flow of liquid from the returning section to the 
Sump and disposed beyond the point in said sys 
ten where impacts delivered to the liquid there 
in are communicated to said inpact receiver, 
whereby to maintain between the impact trans 
mitter and the impact receiver pressure on such 
liquid adequate for the transmission of impact, 
while permitting liquid circulation through said 
System for the cooling thereof and the relief of 
excess pressure developed by said pump. 
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