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This invention concerns a machine tool and
as specifically shown an upright drill al-
though many of the objects and means dis-
closed herein are not limited to the specific
"ype of machine tool shown.

In metal working machines various means
have been developed for rotating the spin-
dle carrying the working tool and for mov-
ing the tool into engagement with the stock
10 to be machined and for moving the tool

through its working stroke.. Purely me-
chanical means for advancing the tool
through its working stroke were subject. to
certain defects which it was sought to over-
15 come. For example a positive feed such as a

" worm-and nut engaging therewith would

-often result in broken parts in the event that

too much resistance was met with.

With the development of fluid pressure

b

20 means it was discovered that such means could

be applied to machine tools for translating
certain members in a very advantageous
manner, thereby overcoming many of the ob-

jectionable features of a rigid, positive, pure- .
15 1y mechanical means for transmitting power

to the element to be moved. .
A piston actuated by a hydraulic’ fluid
- could be connected up to translate a mov-
able working element to give it a smooth
0 steady travel and one which was as strong

as desired but yet yielding to.unusual resist--

ance or a positive stop.

One of the many defects in the in’echafnical-

drives was the presence of back lash or play

5 between the parts especially after the parts
became worn. This was practically elimi-
nated by the fluid pressure means and espe-
cially so by the use of differential pistons
wherein a fluid acted continuously on.the
0 piston of smaller area tending to move-it in
~one direction, and thereby taking up the play
orbacklash. By intermittently and selective-
ly applying flad to the opposite side of the
piston 1t was caused to move against the op-

3 posing lesser pressure and to perform its ma-

chining operation. Both elastic fluids such

-as air and inelastic fluids such as oil have

been used.. Each of these have defects in
certain cases. The oil may Frove too rigid
and positive while the air often proved too

50
flexible resulting in uneven movement due

-~

to compression of the gas. ,

In the general utilization of fluid pressure
in connection with a cylinder and piston for
operating various devices such as the ma-
chine tool herein disclosed an objectionable
feature also developed which was the loss
of fluid through the piston rod packing.
With the increasingly high pressures which
are being used going up to 1,000 lbs. and
even much higher, this defect has become
more noticeable and is the source of much
annoyance, loss of pressure and of fluid, and
necessitating the expenditure of considerable
time, labor and money. Even when low pres-
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sure is used the constant wear on packing
soon results in leakage and requires fre-

quent replacement or attention to the pack-
ing.

%ne of the ma'n objeets of this invention 7 .
consists of a novel arrangement whereby this
leakage is practically eliminated or if any
leakage takes place the fluid passes directly
into the system without any attention from
the operator. This novel feature is arrived .75
at by providing two pistons of unequal
area arranged at opposite ends of the piston

rod ‘each piston being arranged in its cor-

responding cylinder with an intervening wall
through which the rod passes. Reciproca-.
tion is obtained by admitting an hydraulic
fluid to the chambers on opposite sides of the
wall whereby any leakage from one cylin-
der mecessarily passes into the other. cylin-
der. The whole results in a very much sim- s
plified cylinder construction and one inex-
pensive t6 manufacture. '

Another object of the present invention is
to apply, in a-machine tool such as the drill
shown, a_combination of twa fluids, one elag- o
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tic and the other inelastic for causing the
translation of the working spindle. - On the

working stroke. the piston means disclosed

for applying the power is actuated by an

hydraulic fluid, the.opposing fluid. which

‘acts constantly on the opposite piston face
is more elastic and is made especially so by
‘the insertion in the fluid line of a reservoir
~-to provide. for to-and-fro movement of the

fluid. -

-~ The present invention has an advantage in

that by the use of two fluids the pressures.of
the two fluids need not be the same and can
be adapted to the requirements and to what
would be best under the operating conditions.

.. A further object and advantage lies in the

- means relative to the working spindle. Here-:
tofore the cylinder and piston ‘means have

20

arrangement of the fluid pressure operating

been: principally .connected directly to the

movable spindle. 'In an upright drill in.
which a rotatable spindle has a vertical trans- -

_lation the cylinder and piston were attached

. suspended part of the drill and the weight
- of the hydraulic fluid-at times resting on the-
piston interfering with manual operation of -

in a vertical manner directly to the upper

"end-of the spindle, thereby placing a large

amount of weight and strain on a somewhat

the spindle. Also with varying amounts of

- liquid resting  on the piston at different

- points:in the stroke the force exerted was not.
-always the same. With the present device the

cylinder and piston.means are arranged hori-
zontally with suitable connections therefrom

~ for vertically moving the spindle. Thus

40

many of the variations in force applied are

eeliminated and-manual adjustment of the

spindle is made easier. -

. The particular coinbination of manual

means for translating the spindle with the
fluid pressure means forms another object of

- this invention. Such combinations are broad-

" 50

ly old but heretofore various means such as
by-pass valves have been found necessary for
rendering the fluid pressure entirely inoper-

ative while manual movement was being un- -
~dergone as e. g. quickly bringing the tool
-into engagement with the stock.  With the

fluid pressure means herein disclosed the
fluid pressure acts constantly in one direc-

" tion but is of such 4 flexible nature as to al-

55
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* .able thus resulting as'a whole in a fluid pres- -

65

low of manual movement in opposition there-

to. , S
- A still further object of the invention lies
in the application of a particular type of

- - -slide valve which gives a more accurate and

reliable control of the fluid. .
- The means for operating the control valve
have been simplified and made more depend-

sure operated machine tool which is more flex-

“ible yet, accurate, strong and reliable in its

operation, : :
. Other -objects and advantages willbe in

1,816,829

part indicated in the folloWing_deécription'

and in part rendered apparent therefrom in
connection with the annexed drawings.

To enable others skilled in the art so fully
to apprehend the underlying features hereof
that they may embody the same in the vari-
ous - ways -contemplated by this invention,
drawings depicting a preferred typical con-
struction have been annexed as a part of this
disclosure and, in such drawings, like char-
acters of reference denots corresponding
parts throughout all the views, of which :—

"~ Figure 1 1s an elevational view .of the up-

per portion of a vertical drill showing the
fluid pressure operating means connected

_thereto. Fig. 2 1s also-an elevational view
- of the same drill looking from the front. Fig. -

3 is a plan view thereof.- Fig. 4 is a diagram-

‘matic view showing the fluid pressure means
“and Fig. 5 is a view similar to Fig. 1 but
_showing a different type of fluid pressure cyl-

inder for operating the drill.

"~ The main features of the machine 'shownb
eomprise a head 10 of a vertical drill having
‘mounted therein the spindle 11 designed to

receive a vertical motion from the fluid pres-

-sure means 12 and also from the hand wheel
13 both gearéd to the horizontally arranged

shaft 14. The lower end of the spindle 15 is
designed to accommodaté a tool such as the

drill 2 and receives a rotary motion from °
the gearing shown in dotted lines in Fig. 1. -

Such gearing comprises a spur-gear 16 fixed
on the shaft 17 for driving through the gear

- 18 the gear 19 splined on the spindle portion
15, The means for giving the spindle a ro-
.tary motion is somewhat conventional and
‘forms no part of this invention and any type

of driving means desired could be used in
place thereof. - - ' ‘
Referring more particularly to the fluid

pressure means for translating the spindle in -

a vertical direction, such means comprises a
cylinder 20 arranged in tandem with the cyl-
inder 21 with the pistons arranged in the
respective cylinders and connected together
by the piston rod 22 passing through the
common wall or cylinder head 23 to be later
deseribed in more detail. Connected to the
larger piston is.the rack 24 engaging with
the rack gear 25 mounted on and rigid with
the shaft 14. o

" The shaft 14 has also mounted thereon at
one end thereof the large wheel 18 for manual
rotation of the shaft whereby the drill spindle

‘may receive its vertical movement either

manually
shown. ,

" The novel arrangement of the fluid pres-
sure cylinders with respect to the remaining
structure particularly the drill spindle is one

or by the fluid pressure means

of the ma... objects of this invention. By the

arrangement shown the cylinders are inde-
pendent from the spindle and in fact may
be detached therefrom. The arrangement

({4
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shown has the‘adva'ntagé of rélieVing the

‘spindle of the weight of the pistons and the

fluid in contact therewith. The weight of

‘the fluid in the construction shown has no

influence on the spindle such as would be the
casé if the. cylinders were arranged in a ver-

tical manner over the spindle with the pistons

directly attached to the spindle. It may be

seen that in the latter case the weight of

fluid on the pistons would vary for different
points in the stroke and the force required to

overcome such weight through the wheel 18, -

for example, might at certain points of the
stroke be considerable. .

Referring to Fig. 4 a description of the
fluid pressure system will be given. A tank
26 is shown as containing a liquid partially
filling the tank to the level 27 and having in
the upper portion of the tank an elastic fluid
which is admitted through the pipe 28 having
therein the valve 29. The reservoir is de-
signed-to be under constant pressure whereby
the liquid therein acts through the pipe. 80
on the piston 81 in cylinder 21.- Such con-
stant pressure may be maintained by the ad-

© mission of an elastic fluid through the pipe 28

20

35

40
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and would ordinarily.comprise a connection
to the air pressure line found in practically
all plants.  However, the fluid admitted may
be steam or any other elastic fluid found con-
venient. If the valve 29 is left open the pres-
sure in the reservoir will at all times remain
practicilly constant. However, if such
means is not available at all times the valve
29 may be closed and the fluctuations of the
hydraulic fluid through the pipe 80 caused
by the reciprocation of the piston 31 may be
taken care of by the alternate compression
and expansion of the elastic fluid in the upper
portion of the reservoir. Means are provided
for intermittently admitting hydraulic fluid
to the larger cylinder to act against the piston
81* therein in opposition to the pressure con-
stantly maintained on the piston 81. This
latter means comprises a sump 32 containing
a suitable hydraulic fluid from which fluid is
drawn by the pump 33 and forced through
the line 34 through the valve 35 and pipe 36
to the cylinder 20. Or if the valve occupies a
position to the left of that shown the fluid
will exhaust from the cylinder 20 back

~through the pipe 36, connection 37 , through
“the groove 38 in the valve and pipe 39 back

[
ot

to the sump 82. - A relief and

by-pass in pro-
vided for the pump 33 by a 4 5

pipe 40. The

. rate of the flow of the liquid from the. pump

60

65

and thereby the speed of the larger piston
may be regulated and very accurately. con-
trolled by means of the valve 41 having an
adjustable opening placed at a convenient
point in the line 34. '

The position of the valve 85 is controlled
by various means comprising a projecting
handle 42 extending through one end of the
valve casing and adapted to be grasped manu-

ally to move the valve to the right as shown
in Fig, 1 against the tension of the spring 43
until the latch 44 engages in the notch 45 on
the rod 46 extending from the left end of the
valve. The valve is thus held in a position
as shown in Fig. 4 until the latch 44 is re-
leased by the automatic means now to be de-

‘scribed.

Such means comprises a laterally project-
ing arm 47 rigid with the upper end of the
spindle, the outer end of which arm is pro-
vided with an eye for receiving the rod 48
which rod is mounted in suitable bearings on
the frame and is-adpated to receive a longi-
tudinal movement. The rod 48 is normally
maintained in its upper position by means of
a spring 49 acting at the lower end thereof.
The rod 48 has thereon an adjustable stop
49 adapted to be fastened in.any desired posi-
tion by means of the set screw 50.

The latch 44 is rigidly connected to a rotat-
able shaft 51 upon which shaft the lever 52
is also rigidly mounted. The spindle 11 in
its downward movement causes the arm 48 to
engage with the stop 49 which moves the lever
52 and therewith the latch 44 releasing the
valve which under the tension of the spring
43 moves to the position shown in Fig. 1
whereby exhaust takes place from the cylin-
der 20 and the pressure in cylinder 21 acting

- upon the piston 31 causes the piston to move

to the left retracting the spindle to its high-
est position.

In Fig. 5 is shown an arrangement similar
to Fig. 1. In this form, however, the cylin-
ders 20" and 21” have their outer ends closed
by cylinder heads 53 and 54 respectively and
the pressure fluids are admitted to act on the

outer faces of the pistons. In this modifica-

tion the operation is practically the same
with the difference that the power stroke
causes the pistons to move to the.left where-
as in the form shown in Fig. 1 the applica-
tion of the fluid to the larger piston causes
the pistons to move to the right. Hence in
Fig. 5 the rack 24 is mounted underneath the
main shaft 14 while in Fig. 1 it is mounted
to engage with the opposite side thereof,
The construction showninFig.1hasadvan-
tages which are one of themostimportantfea-
tures of this invention. In hydraulic trans-
missions of this type it has been a constant
source of difficulty to prevent leakage around
the piston rods; such leakage resulting in in-
convenience and loss of the hydraulic fluid
as well as many other annoyances which
would accompany the leakage of fluid around
2 production machine of this type. Since

the hydraulic fluid used in transmissions of

this type -often reaches a very high pressure,

~such as 1,000 lbs. or even more, it can be

understood that the packing around a piston
rod in the ordinary construction must be
extremely good and require frequent replace-
ment and considerable attention.
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. The construction shown in Fig. 1 obviates
many of these objections. The fluids it may
be seen are applied on the opposite sides of
the cylinder head 23. The fluid acts con-

tantly in the cylinder 21." Therefore when
liquid is admitted into the cylinder 20, since
the pressures on the opposite side of the wall
23 are balanced or nearly so very little leak-

. age, if any, will occur through the packing

10

15

TS
pressure is relieved from the cylinder 20 if
any leakage occurs from the cylinder 21

1900

around the piston rod. Then when the

around the piston rod 22 such liquid will pass
into the main cylinder and through the pipe

36 into the pump system and be collected

therein. Ordinarily the fluid admitted to

the larger cylinder 20 would. probably be of .

a higher pressure than that in cylinder 21,

- hence any leakage during the power stroke

20

would tend to replenish the supply of hy-
draulic fluid in the upper reservoir. .

‘'Thus. with the construction shown the

. packing around the piston rod 22 need not be

25

so’'strong nor require the attention such as
would be the case if the piston rod passed

- out exteriorly of the cylinder.

-"The construetion of the cylindérs shown

- in ‘Fig. 1 and. the means of assembling is

- lindrical members having the flanged ends:

‘very much-simplified and inexpensive to

manufacéure and comprises merely two. cy-

- 55 and 56 adapted to be bolted together to

35

form the common cylinder head 23 having
the packing 282 therein. The outer ends of
the cylinders are provided with cover-plates

" 57 and 58 to keep out dust.

40

45

‘with ~the work.

- A brief deseription of thevopera;tion ig as
follows: o

- Assuming the spindle to be in its upper
position with the valve in the position shown"
m Fig. 1 the ‘operator grasps the wheel 13
- rotating it to bring the tool into engagement”
This rotation must take

place against the pressure in the cylinder 21
acting on the smaller piston therein. How-

ever, since this piston is relatively small and’

the fluid acting thereagainst can be of any

_desired pressure the force required to bring

50,

this spindle down need -be only small. The

means shown has the advantage that any

. timethat the wheel 13 is released the spindle

" may continue if he desires to force the tool
_on through.its working stroke. However,

" 60

‘willautomatically return to its upper posi-
-tion out of the way of the operator. -
~ After the tool has been brought into en-

gagement with the work the operator then

ordinarily. the operator now throws in the
hydraulic feed which is accomplished /by

.grasping the handle 42 and moving the valve .

" to the position shown in Fig. 4. The spindle

- the working stroke when the arm 48 engages

receives the positive feed until the end of

- the stop 49 tripping the latch mechanism 44

@5’

and allowing the valve to assume the posi-

1,816,829

tion shown in Fig. 1 whereby the fluid ex- -

hausts from the large cylinder 20 and the"
‘pressure acting against the smaller piston

31 causes the spindle to move to its upper-

most position, -

It may be seen that the 'ar"faﬁgément de-.

scribed provides a very efficient and a novel

10

combination of hydraulic and manual means - -
for translating the drill spindle. - The reser- .

voir 26. with -its fluid -connections to the
smaller piston provides a very flexible and

“reliable means for automatically returning

the spindle to its upper. position but one
which can be easily overcome when desired-
by the application of manual power to the
wheel 13. " :

75

80

The automatic control means comprises: -
but few parts and is necessarily accurate and

.reliable in its operation. The slide valve

shown provides an exceedingly .dependable

"85

valve means for controlling ‘the fluid and -

one which is relatively free from léaks. -
‘Without furthep analysis, the' foregoing

-will so fully reveal the gist of this invention

that others can, by applying current knowl:
edge, readily adapt it for various utilizations

“by retaining one or more of the features that, -
- from: the standpoint of the prior art, fairly
constitute essential characteristics of either .

the generic or specific aspects.of this inven-
tion and, therefor, such adaptations should
be, and are intended to be, comprehended
within the meaning and range of-equivalency

-of the following claims:—

Having thus revealed -this °-‘ihve1"1tioﬂ, I

claim as new and desire to secure the follow-

ing combinations and elements, or equiva-
lents thereof; by Letters Patent of the United

‘States :— - .

“1.-In. a machine tool, 2 :'i'dtatablé spindle;

piston means for translating said spindle;

pressure fluid means  connected to act con-

stantly ‘on said piston means to urge it in.

one direetion; a second fluid pressure means
for moving said piston means in the oppo-
site direction; and control means for the
latter comprising a slide valve, a projection
from one end thereof for moving said valve
manually whereby the second fluid pressure
means moves said piston means against the
pressure of said first fluid pressure means,
elastic means for resisting the manual move-

"ment of said valve, a projection extending
from the opposite end of said valve, latch

mechanism for engaging said projection to
lock it in the manually moved position; and
means operated by the spindle for releasing
said latch mechanism whereby the valve. is

‘moved to-allow the exhaust of the second
fluid pressuré means thereby permitting the

first fluid pressure means to operate said
piston means. :

*2. Fluid- pressure operating means com-
prising ‘two’ pistons of -differential area; a
cylinder for each piston, said cylinders being
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ai.'ranged in tandem; a wall th__erebetween;'a
piston rod connecting said pistons extending
through said wall; means for applying a

‘hydraulic fluid under constant pressure to

the space between said wall and the small
piston to move said piston in one direction;
a system for furnishing hydraulic fluid under
pressure; means for alternately “admitting
fluid therefrom into the space between said
wall and the larger piston to move said pis-
tons in an opposite direction and said last
named being alternatively operative to open
it to exhaust to said system whereby move-
ment in the first direction is permitted and
whereby losses of hydraulic fluid from leak-
age through said wall are substantially elimi-
nated.

3. A fluid pressure operating means com-
prising a cylinder; a larger cylinder in tan-
dem therewith; a wall between said cylin-
ders; a piston in each cylinder; a piston rod
extending through said wall connecting said
pistons; means connected to one of said pis-
tons for taking off power; means for admit-
ting a pressure fluid to act constantly in
the space between said smaller piston and
said wall; and means for alternately admit-
ting hydraulic fluid from a pressure system
to the space between said larger piston and
the wall*and exhansting said fluid back into
said system whereby the pistons are operated
In one direction by admission of fluid from
said system and in the opposite direction by
the first named pressure fluid when said €x-
haust back into said system is open and
fluid leakage through said wall around the
piston rod is led to. and retained in the system.

4. Hydraulic operating means for machine
tools comprising two pistons of differential
area; a cylinder for each piston arranged

in tandem, and having a common cylinder.

head; a piston rod connecting said pistons
and extending through s2id cylinder head; a
reservoir for hydraulic fluid; fluid connec-
tions therefrom in constant communication

. with the space between said cylinder head and

the piston of smaller area; means for placing
the reservoir in constarit communication with

_ an elastic fluid under pressure; a closed sys-

50

.. '6b

tem for intermittently furnishing hydraulic
fluid to the space between said cylinder head
and the piston .of larger area whereby the
pistons are operated in one direction by
admission of hydraulic fluid from said sys-
tem and in the opposite direction by fluid
from said reservoir when fluid is permitted to

- exhaust to. said system and whereby losses

g0

A

from leakage through said wall around the
piston rod are eliminated. .

5. In a machine tool, a rotary spindle; and
hydraulic means for translating said spindle
comprising two pistons of unequal area, ‘a
cylinder for each piston said cylinders being

~arranged in tandem and having a common
cylinder head, a piston rod connecting said

5
pistons and extending through said cylinder
head, means operatively connecting one of
said pistons to said spindle, a source of hy-
draulic fluid under pressure in constant com-
munication with the space between said cyl-
inder head and the smaller piston, a closed
hydraulic system adapted to alternately ad-
mit and exhaust hydraulic fluid from the
space between said cylinder head and the
larger piston whereby the pistons are caused
to move in one direction when hydraulic
fluid is admitted from said closed hydraulic
system and to move in the opposite direction
under pressure of fluid from said constantly
communicating source when the exhaust to
said closed hydraulic system is open, and
whereby losses of hydraulic fluid from leak-
age around said piston through said wall
are eliminated. :

6. Fluid pressure operating means com-
prising a first cylinder and a second cylinder
arranged in tandem having a common end
wall; pistons in each of said cylinders con-
nected by a piston rod passing through said
wall; a first source of fluid pressure in con-
stant communication with the space in said
first cylinder between its piston and said wall;
a second source of fluid pressure having

-means for alternately admitting and exhaust-

ing hydraulic fluid to the space 1n said second
cylinder between its piston and said wall,
said hydraulic fluid being under greater
pressure than the fluid from said first source
whereby said admission of hydraulic fluid
causes movement of the pistons in one direc-
tion and said exhaust permits the fluid from
said first source acting in said first named
space to move the pistons in the opposite di-
rection, and the arrangement also serving
thereby to eliminate any losses of fluid
_thgough said wall around said piston rod.
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drillingmachinecombining a frame;a

drill spindle arranged for vertical translation
thereon; power cylinder and piston means

horizontally arranged on said frame and op-

eratively connected to said spindle for trans-
lating it; means connecting a source of fluid
under pressure to said piston means constant-
ly tending to move sai(s) piston means in a di-
rection to retract said spindle; manually op-
erative means to feed said spindle against the
force of said fluid pressure means; and means
for intermittently admitting a hydraulic fluid
to act on said piston means to feed said ‘spin-
dle downward in opposition to said first men-
tioned fluid means, said first mentioned fluid
means being operative to retract said spindle
and retain 1t in such retracted position when
said hydraulic fluid for feeding is open to ex-
haust. , : _

8. A machine tool combining a frame; a
spindle ‘mounted for  vertical translation
thereon; cylinder and differential piston
means on said frame arranged with their axis
substantially horizontal; connections there-
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from to said spindle for translating the lat-
ter; fluid pressure. means connected to-act
constantly on the piston of smaller area
tending to raise said spindle ; manually oper-
able means for lowering said spindle against
§ the force of said fluid pressure means; and
~ hydraulic means for electively supplying
‘hydraulic fluid to act on the piston of larger
area in a direction to intermittently feed said
spindle against the force of said fluid pres-

12 ‘sure means tending to retract said spindle.
In witness whereof, T have hereunto sub-
scribed my name." ‘

~ADOLPH L. DE LEEUW.
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