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. 13 Claims.
o - 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 im-
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 im-
pact unit is in operation.

Ancther object is to provide a new and im-
proved impact tool unit for transmlssmn 5ys-
tem.

A further object is to provide a new and im-
proved hydraulic impact transmission system em-
bodying & reciprocable rigid column of fluid,
means for reciprocating:the column, means con-
nected to one end of the column for supplying
fluid thereto at g rate 'in excess of the leakage
therefrom, and means at the other end of the col-
umn for controliing the dlscharge of excess ﬂuld
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. la is a perspective view o

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. Flg.
5 is a vertical central section through the im-
pact tool unit. Fig. 5a is an enlarged fragmen-
tary view of & portion of Fig. 5. Fig. 6 is a frag-
mentary section along the line §—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
ohe 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 impaet tool and a return
conduit D for returning the operating fluid to
the pumping unit. As shown in Fig. 1la¢ 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 G runs from a pulley
on the motor to a pulley H on the drive shaft
of the unit A.

Impact tools of the cha,racter 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  fools. 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
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 16, 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 fluid, 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 or recess 62 which seats the roller bear-
ing T for the shaft together with a packing element
8. A circular opening § in the opposite side wall
of the housing is large enough to permit inser-
tion or withdrawal of the shaft § with its driv-
ing eccentrics 0, 8 together with the-bearing
assembly; and this opening 9 is closed by a cover
plate {'i, which includes an inwardly open pocket
or recess {12 to support a roller bearing {2 for
the inner end of the shaft 5. Each of the eccen-
trics 10 carries a ring {3 confined bhetween a
flange 102 and a refainer ring {0° with inter-
posed bearing rollers {4, so that the eccentric
may turn freely within the ring i3. Thus in the
process of assembly, the shaft 5, with its bearings
T and 12 in place and with its eccentrics 13 fitted

with their rings 14, 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 LI and securement thereof by means
of fastening screws 5. It may be understood
that the projecting end of the shaft § 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 (6 having a circular
inner end portion 17 which fits snugly into a cir-
cular opening 18 in a diaphragm or partition
wall 19 extending across the housing [, as seen
in Figs. 2 and 3. This provides support for the

inner end of the casting 16 and locates the closed .

ends of the pistons 20, 20 in operative relation
to the rings i3 on the driving eccentrics 10, 10
Af its outer end the casting 16-is formed with a
flange 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 21 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 21 formed

in the casting 16; and each piston includes &
larger portion 20» and. g slightly smaller. portion
205, the casting {6 being formed with correspond-
ing bores {62 and i6P in which these portions of
the piston reciprocate respectively.. The bore
18> communicates directly with the chamber 21,
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 27
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 herem-
after more fully described.
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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 16 and is secured therein by a gland
31 which also supports the valve seat 32 for a
ball check valve 33 normally seated by its spring
34. The check valve 38 controls access to an an-
nular passage 35 formed in the casting 16 at the
junction of the bores 162 and 16b. The shoulder
20c 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 i62. 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 16> 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 31 which leads into the cham-
ber 27.

In the construction herein illustrated, with the
two eccentrics 10, 10 set 180° apart on the shaft
§, the mechanism is in the nature of a duplex
pump with the two pistons 20, 206 operating alter-
nately and thus transmitting separate impulses
through two conduits C which are connected re-
spectively to the two chambers 21.

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 § and the
space extending below the pump eylinder casting
16. Preferably this opening is covered by -a
screen. A connection device (15 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 assem-
blies 31, 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

4 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 heing normally closed by screw
plugs 153, as shown in Fig. 2.

As illustrated in the drawings, the impact tool
B (Figs. 1 and 5 to 7) comprises a tubular barrel
50 having a cylinder 51 formed in the upper por-
tionthereof, a bore 52 in the middle portion there-
of, and a slightly larger bore 53 in the lower end
thereof. A head 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 57 is pressed
into the bore 53 and has a hexagonal opening 58
therethrough in which the shank 5§ of a tool 60
is slidably guided. A tool retainer is shown as
comprising a collar 61 screw threaded on to the
barrel.at 62 and a cup-shaped retaining member
63. The cup-shaped member has an opening §4
through which the tool extends and is formed
at its upper end 65 to interengage a heveled por-
tion 66.on the collar 61.

For-striking or imparting impacts to the. tool
&0 & plunger or impact member: 10 is reciprocably
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mounted in the bore 52 of the barrel and is formed
with a longitudinally extending bore 7i. Fluid

supplied to the impact tool unit B through the :

conduit C passes through a connection 72 to a
bore 713 in the head member 54 and thence through

a horizontal bore 14 to a verbical bore 15 posi- -

tioned in the head member axially of the barrel
50. A tube 76 cominunicates at its upper end
with the bore 75 in the head member and at its
lower end with the bore 71 in the impact member
10 so that fluid supplied to the tool unit acts upon

the end surface 17 of the bore 7{ to move the

impact member 160 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 79 is controlled by a valve &0 here-
inafter more fully described.

- Although the tube 76 may be secured rigidly. to

the head member 64 and hayve a sliding and seal-

ing fit in the bore Ti, in the form 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 ig provided between

10

20

the upper end of the impact member 10 and the .

lower portion of the tube 16. The upper joint 81
comprises a ball member 83 sealed tightly on a
reduced portion 84 of the tube 16, a socket formed
partly on the head member 54 and partly on a

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 83 formed by the head member and collar.85.
The lower joint 82 comprises a ball member. 38
‘having a sliding fit on the tube 78, a socket formed
Jpartly in the piston member 78 and partly in the
collar member 81 screw threaded at 82 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. 5¢, the sealing ring
is positioned in the upper portion of the recess
84 and is slightly compressed between the right
Jhand surface of the recess and the surface of the
‘ball member 90.
the collar member 91 seats is preferably in the
-same plane as the center of the ball member 90.
If the fluid under pressure in the tube 76 has a
tendency to pass between said tube and the bore

‘T1 of the impact member 10 and leak across the .

lower spherical surface of the ball member 98,
any fluid reaching the recess $4 and creating
,2 pressure therein serves to distort or flatten the
‘sealing ring 83 and increase the. sealing contact
thereof with the hall member and the surface of
the recess 34. The joint between the bottom of
the collar 9i 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. po_rtion of .

‘the ball and the socket. The upper ball and
.socket joint 84 is similarly arranged so that the
jomt 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 Wo. 595,018, filed May 21, 1945,.on
“Flexible Pipe Joints, now Patent No. 2564 938,
dated August 21, 1951,

By providing flexible joints intermediate the

tube 16 and the parts 54 and 78, it is possible to %

-obtain smocth and efficient operation even though
the bores 15 and Ti are not in alinement.

. ' The impaet member 76 may be returned up-
-wardly through the return stroke of its movement
by resilient means acting upwardly thereon.  As

The surface 95’ against which
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'S and the shaft bearings.
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shown herein, this means comprises an air cushion
created in a chamber 101 in the bore 51 of the bar-
rel below a piston 96 which is formed integrally
with the upper end of the impact member 10 and
slides in the bore 51. The barrel is provided
with a series of horizontally extending ports 91,
98, 99, 100, 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 101
and is compressed during the final downward
movement of the impact member 78 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.
2,624,1'17, dated January 8, 1953.

In the preferred form disclosed herein, my in-
vention differs in part from the hydraulic im-
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
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 fAuid 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 165 projecting downwardly from the handle
86 through a slot 106 therein. Preferably, seal
rings 107 are provided in the rotary valve mem-
ber to prevent leakage through the slot 185, and
a port {08 extends longitudinally through the

valve member to equalize the pressure on both

ends thereof. A plug 109 closes the left hand end
(Fig. ) of the bore 74. The right hand end of
the valve member 80 has a bore 110 therein and
a recess 11 cut in the side wall thereof so that
an edge 112 of the recess controls a fluid return
The port (13
communicates with a fitting 114 (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 115 secured in a
threaded bore 118 (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
In this way, the.op-

In operating the form of the invention. illus-

irated 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 § 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. 1a the motor and pumping unit are mounted
on a support ¥ which is generally portable. Upon

= starting such prime mover and driving the shaft

§,. the pistons 2§ 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 sécondary

pistons 28c function as makeup pumps to draw

.0il 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
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the chambers 21. Thf

bem started

pact tools B Once the condui filled” w1th
011 the makeup pumps formed'by it - secondary 2
plstons 20¢ operate contmuously to supply ﬁuld
to, the hydraulic columns formed between ‘the
plstons 29 and the tool nnpact members 10.'This
flid is pumped at a “rate in excess of leakage
fro the system Ing system utilizing a condu1t
of 'three quarters 1nch 1nterna1 drameter, a rate
of eleven gallons pe1 “hour has resulted in’ suc-
cessful operatlon, altho gh the quantlty may
read1ly be varied.” )

Referrmg row to one system, with the hy-
drauhc colu‘nn formed in the condu1t C between
a plston of the' pumpmg and one 1mpact to! 1 unit
B, 'the control for the operatlon of ‘that 1mpact
tool unit is in the valve 80." 'When this valve is
1n 1ts open’ posmon a§ shown in Figs. 5 and 6, the
return y NERH] Wide open ‘and per m1ts 3 qua. f
tj,ty of fluid, eql 1 to that’ pumped by the make-
up pump, “to return freely to the- conduit .
Under such condxtlons the fluid in the hydrauhc
cqumn between the’ pistons™ 20" and 10, 1§ not
under “sufficient pressure to actuate the 1mpact
me ber 70. The impact tool B is therefore idle.

Upon shntrng the valve &n from the pos1t10n
of I‘1gs 5 and 6 to that 111ust1 ated in Fig. 7, thé
1eturn port” ll3 is almost closed with the result
that the pressure m the hyarauhc column builds

10

15

B

30

tool impact member 70 thxouf“h its impact pro-
ducmg str okes, the member 70 and the hydraulic

column'belng moved through a return stroke by 35

i ‘nng'
for the 1mpact' member Un let’ these condltlons

; resilient backmg

1nch) that 1t isin effect a r1g1d reuprocable col- 45
umn Th1s column 1mparts to ‘the’ 1mpact tool
60 substantlally the ol force exerted by the
prlme mover on the plstons 20,

""The force of the blows produced by. the tool
impact n1embe1 70 on the tool GG may be con- :
trolled by the valve 89 by moying the valve 1o
varlous pos1t10n‘s‘ mtermedlate the ’w1de open
and’ closed ¥ in-
condult T

(1n quantrtles in excess of leat{age) must pass
bef01e reaching the return conduit D. The fluid
pa ing through the ‘orifice is ay ) substant1ally
constant volume but Varyifig pressure. Valve 80,
by openlng or 1estricting ‘the feturn port Fi3

60
thus controls the effectlve pressure of the ﬁuld '

open) to the normal operatlng condltlon (in
whlch the valve 80 is in the’ pos1t1on of Fig. N,
the strokes of the imba¢t member are first short
_and confined to the’ ‘lower portlon of the bore
52 (Flg o) and the column is relat1vely long.
As the pressu1e and therefore the r1g1d1ty of the
¢! mn‘ increases, the ‘column shortens “slightly
> ‘stroke lengthens untll the stroxe reaches

70

pump piston and the relatlve Cross. sectio al
4réas of the pump plston d _im et
be, > R I T A 155
‘Ey locatlng a pressure control valye in the
handle of ‘the’ impact; fool, advantages accrue iy
addition to the convenient control ‘for an ope
tor Since an 1mpact tool is generally m o
about 50% of the t1me the pumping un1t is m
operatmn the continued ~circulation of” ﬁuxd
through the supply " and return’ condults when
the tool 1s not in ope1at10n functlons to cool the

drauhc coltmn at a m1n1mum If durlng op
tron of the tool unit the condu1t should

e1at1ve thus savmg wear and tear on the COn-
dmt The r1g1d1ty of ‘the column 1s bullt up (or

un1t 1s in operatlon ' I
When a smgle 1mpact tool unit is used w1th an

preferably prowded to bypass the fluid i h
system which i§ not in use ‘As shown in Fig."2
such & bypass means comprises a p01t 120 leadmg
from ‘chamber 27 to a Valve port 121 whic 4o
charges through a passage’ 122 1nto ‘the 1
in the housing . A valve l23 controls th I
12 and is adjustable from exter1orly of the i
ing by means of & hand’ device l24 Th
is closed (as shown) when ‘the system is 1r
and is opened to bypass ﬁuld from the chav
2.! #

I claim:

1. A hydrauhc impact transmlttmg system
compnslng, in combmatlon a “flexible co dmt
adapted ‘to contain a cdlumn’ of ﬂuld
pact ploducmfr unit connected to’ one end of the
condult and comprising means for 1mparting fo1—
ward strokes t0a reclprocable rigid column of
fliid therein, an impact tool unit conneot d to
the ‘other end of said ‘conduit’ and" comp
means including an 1mpact member recxpr

an1

of flu1d means fcr supplymg make up fiu1d to
sa1d condult 1n a quantlty substantlally 1n es(‘ ss

make-up “fluid escapes “from the condult and‘a
retum conduit for conductxng such excess make~
up fluid back to the make-up fuid’ supply me {

2./ A hydlaul lmpact transmlttlng ’ §
comprlsmg in combmatlon, a flexible conduit, . a
column of fluid therein,” an nnpact producmg
umt connected to one end of the condult and

pr1s1ng means mcludmg an 1mpact
driven in thé other end of said conduit’l
column’ of fluid, means for” imparting T tuin
strokes to said column, means for supplylng fluid
to said conduit in a quantity’ uubstantlally in
excess of the Teakagé therefrom, and a valve at
the impact tool unit ‘end of the conduit op
to control an’ orifice through wlnch the

ﬁuld escapes from the condult '
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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 cther 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 o 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 eon-
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 impaect 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 g return conduit for conducting such excess
make-up fluid back to the fluid supply means.

5. A hydraulic impact fransmitting 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, 2 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 pas-
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-
hetween, means for imparting strokes in one di-
reetion 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 fo supply make-up
fluid to the conduit in quantities in execess 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 rermit 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 conduil, a firsi
closure reciprocable in one end of the conduit,
an impact member reciprocable in the other end
of the conduit, a rigid reciprocable column 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 sazid
impact member, means operable to supply liquid
tc 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

2 liguid 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 cclumn 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 refurn
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 liguid
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 liguid
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 refurn 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



2,076,464

11
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 whieh includes a makeup pump for sup-
plying hydraulic fluid to said connection, and an
impactor for transmitting hydraulic shoek
through such fiuid when the fluid is under com-
pression, said tool being provided with a fluid
relief port and g 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 g system comprising a hydraulic con-
duit and an impact mechanism including liquid
storage means, a makeup 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 valve 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 system
comprising, in combination, a sump for hydraulic
liquid, conduits including an outgoing section
and @ return section connected to each other and
to said sump to comprise a circulatory system
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for the hydraulic Hguid, a pump for delivering
liquig 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 g reciprocable face exposed to the liguid 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-
tem where impacts delivered to the liquid there-
in are communicated to said impact recetver,
whereby to maintain between the impact trans-
mitter and the impact receiver pressure on such
liquid adequate for the transmission of impact,
while permitting liguid -circulation through said
system for the cooling thereof and the relief of
excess pressure developed by said pump.
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