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“and causing drill breakage.
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27 Claims.

This invention relates to a hydraulic step drill-
ing unit, and has to do particularly with con-
trolied hydraulic drilling by predetermined steps.

Heretofore, numerous attempts have been
made to automatically drill holes in metal which
have a relatively great depth as compared with
their diameter. Most of these attempts at deep
drilling have embodied cams having certain por-
tions for controlling the rapid traverse of the
grill. Some of these attempts have also included
the combination of feed control by mechanical
cam and hydraulic or pneumatic means for rapid
traverse.
sible to drill very deep or secure a great many
steps mechanically, due especially to limitations
of cam diameters, and angles, in addition to
the mechanical nature of the f¥ed. Other at-
tempts have been made to withdraw the drill
when the same exceeds a predefermined amount
of thrust but on small drills such attempfs have
been unsuccessful due to the fact that when the
flutes of the drill become filled with chips the
drill often breaks from friction of the chips in
the flutes even if the feed is stopped, and on
large drills the machine will keep on pulling
out if the feed is not accurately and minutely
adjusted.

One of the main features of the preseni in-
vention is the provision of s simple and com-
pact unit for drilling holes in predetermined
steps by controlled hydraulic step drilling means;
this feature also includes an adjustable control
to permit hydraulic step drilling to any depth
and in increments of any desired amount at
any desired feed rate.

Another important feature has to do with

“means for controlling the progressive starting

and stopping of the feed period. Still another
feature relates to the ‘provision of means for
changing the rapid traverse movement into a

positive feed movement at 2 predetermined point -

relative to the termination point of the last feed-
ing step of the drill on the preceding stroke;
the direct result being to prevent the drill or
tool point from striking the work at high speed
This means may
or may not be adjustable, but in the preferred
form it is made adjustable to prevent any back
lash in the linkage from allowing the drills to
strike the work at high speed. Another feature
resides in the provision of means in combination
with a plurality of hydraulic controls for re-
setting all controls automatically at the com-
pletion of the desired drilling depth. Other fea-
tures . embodying details of construction in the

However, in using cams, it is not pos-

(CL 7732}

arrangement and combinsation, including means
for obtaining varying lengths of steps, means
for withdrawing the drills automatically relative
to a predetermined amount of torque, manual
means for withdrawing the drill at any time
without resetting stops, and means for auto-
matically reducing the feed rate at the start
and finish of the drilling operation will be more
clearly set forth in the specification and claims.
. .In the drawings:

Fig. 1 is a side elevation of our hydraulic step
building unit as particularly designed fo be used
as an attachment for a drilling unit.

Fig. 2 is a front view of the structure shown
in Fig, 1.

Figs. 3, 4, 5, 6 a.nd 7 are diagrammstic fow
sheets showing the respective positions and pres-
sure existing between and in the various con-
nected elements of the complete unit; Fig. 3
illustrating the parts in rapid traverse down po-
sition; Fig. 4 representing the parts in feed
position; Fig. 5 illustrating the manner,of re-
versing  hydraulically at the end of the feed;
Fig. 6 illustrating the step of reversing manually
when in feed; and Fig. 7 illustrating the step
of reversing manually when in rapid traverse
down.
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Tig. 8 is a sectional view taken on line 8—8 -

of Fig. 1 and illustrating in particular the means
for controlling the rate of feed.

Fig, 9 is a sectional view taken on line §—8
of Fig. 1 and illustrating particularly the means
for controlling the length of feed. ’

Fig.:10 is a sectional view taken on line 18—{@
of Fig. 2.

Fig. 11 is a sectional view taken on line {i—{1
of Fig. 2.

Fig. 12 is g sectional view taken on line 12—02

of Fig. 2.

Fig. 13 is a perspective view of the unit and
illustrating the preferred general arrangement
of the parts going to make up the entire com-—
bination.

Fig. 14 is a diagrammatic view 1Ilustra,tmg the
use of a valve controlied by movement of the
drill for draining or by-passing the feed control
liguid.

Fig. 15 is a diagrammatic view of means con-
nected - to the speed control unit and actuated
by the drill movement for decreasing the feed
rate when entering and leaving the work.

Fig. 16 is a fragmentary detail view of a crank-
shaft having an angular hole adapted to be drilled
in the manner set forth in Fig. 15.

The general purpose of our hydraulic step

65
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drilling unit is not so much to eliminate manual
step drilling but to provide hydraulic means for
step drilling which will far surpass resuits ob-
tained by manual operation by the most skilled
machinist.
plant, hydraulic step drilling units constructed
in accordance with the present invention are
used to drill holes ’’ in diameter and 51%’’
deep, the drilling time being two minutes fioor
to floor and the material .35 carbon alloy steel.
In this plant one man operates three machines,
and the drills are resharpened every thirty-five
holes, while the previous rate was eight to ten
holes per resharpening. Drill breakage has been
almost entirely eliminated.

A better understanding of the entire unit will
be had by here describing the operation, which,
in genersl, is to automatically approach the
work with a drill or drills at a rapid traverse
rate, next reduce the speed to a feed rate just

. before contacting with the work, controlling the
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feed rate for a predetermined distance and then
withdrawing the drill or drills at a rapid traverse
rate to the starting position. - The drill is imme-
diately returned at a rapid traverse rate to a
new position which allows a safe clearance above
the point, at which the previous feed rate ter-
minated, when the feed rate is again continued
for the same predetermined distance as that
used in the first drilling step.. This cycle is
continued automatically until a predetermined
total depth is reached, at which point the drill
or drills are withdrawn, again at the rapid trav-
erse rate, and stopped at the original starting
position.” : :

In the general combination we preferably make
use of s constant pressure maintained on the
upper side of the piston in the machine operat-
ing cylinder, and the metering of the liquid re-
turning from the lower side of this piston to
control the feed rate, rapid traverse being ob-
tained by simply bypassing the feed rate control
valve, Furthermore, in the preferred combina-
tion the measurement of the individual feed rate
steps is accomplished by measuring the amount
of liquid allowed to escape from the lower side
of the operating piston through a feed rate con-
trolled valve, the filling of the measuring cham-
ber causing the actuation of a four way revers-
ing valve, which in turn controls withdrawal of
the tools at.the end of each drilling step.

In the diagrammailc flow sheets illustrated in
Figs. 3 to 7 the power cylinder is shown as at 2
and a drill 3 connected directly to the lower end
of a piston rod #, although it will be understood
that the drill mechanism msay be connected to
the hydraulically actuated member 4 in many
different ways. Complete reciprocating control

of the drill 8 is obtained through the hydraulic -

operation of the piston 5. A cross head 6 con-
nects the operating rod 4 to a movable stop con-
trol rod 1, said stop control rod moving in unison
with piston 5. In illustrating the operation of
the various conduits and the position of parts
as shown in Fig. 3, the tank return lines are in-
dicated as at T, the inoperative conduits are
indicated by plain Mnes marked X, the conduits
operating under continuous pressure are indi-
cated as at P with long thin dashes, the work-
ing pressure lines are indicated by the heavy
dashes as at W, and the conduits which are
open to the tank or tank return lines are indi-
cated by the dot and dash lines as at O, -

In the circuit shown in Fig. 3, the handle 8 of
the main valve 9 has been moved from the in-

For instance, in a large automobile -

2,079,840

operative dottéd lne position to the-solid line
position with the result that the circuit has been
put in operation such as will give a rapid trav-
erse down movement of the drill; In this posi-
tion of the valve, pressure from: the meain line
10 flows though the conduit 11 and the valve
12 to the conduit 13 through the valve 14 and
the conduit 16, and thus entering the top of the
shifting valve 16. The application of pressure
in the chamber (7 will shift the piston of the

valve i6 to the position shown, thus allowing oil '

under pressure from the main line {0 to flow
into the cylinder 2 above the piston B and causing
such piston to be driven downwardly. The oil

in the lower side of the cylinder 2 escapes

through the conduit 18, valve 19, conduit 20,
valve {6 and conduit 2!, to the tank or reservoir.
It will be understood here that the valves 2
and 18 are connected to the same valve operat-
ing shaft as shown at {2—1§ in Fig. 11,

Movement of the cross head & continues in a
downward direction and as rapidly as oil is avail-
able until the stop 22 engages lever 2§ .of the
valve 12. Inasmuch as the valve 12 is connected
to valve 18 these two valves will now rotate in
unison, The rotation of the valve 8 places this
circuit in operating condition as per the fiow
sheet shown in Fig. 4. Referring to Fig. 4 the
valve 9 remains in the position shown for direct-
ing oil under pressure to the right hand end
of the valve 14 and directing the oll from the
left hand end of the valve {4 through the conduit
26 valve § and conduit 27 to the tank return
line T.

In the fiow sheet shown in Fig. 4 pressure still
remains on the upper, side of the piston 8.
Escapement of oil from the lower side of the
biston § can no longer pass through valve (8
and conduit 28, but is diverted through conduit
28 to the feed control, or speed control, assembly
unit 28. The structure and operation of this
speed control unit 2% is fully described and
claimed in application No. 543,908, Oil is pre-
vented from escaping through the line {8a by the
check valve 36. The valve {2 no longer supplies
pressure through the line {8 as movement of this
valve has diverted the pressure from conduit {4
to conduit 3f, which conduilt applies pressure
against the check valves 32 and 83, and also

creates pressure in chamber 8§ which surrounds 3

the metering cylinder piston 5. Oil escaping
from the lower side of the piston 2 through the
feed control valve 28 enters the chamber 37
by way of the conduit 38 thus moving the pis-
ton 85 as the chamber 87 fills. A very important
poirit of the present invention is the fact that
the capacity of the chamber 87 may be varied
by an adjusting screw 3%, as adjustment of this
screw obviously will limit the stroke of the piston
35. The piston 5 continues to travel down-
wardly at a feed rate until the port of the meter-
ing cylinder or, in other words, until the cham-
ber 34 is opened to the conduit 40, or stiil in
other words, until the pressure in the chamber
84 is connected to the inoperative conduit 40.

Cil will then flow through the conduit 40 to
the chamber in the bottom of the cylinder 16
which will shift the valve to its uppermost posi-
tion or that position shown in Fig. 5. This shift-
ing of the valve in cylinder {6 will remove pres-
sure from the upper side of the piston & and will
in turn apply pressure from the line 10 to the
conduit 20a and conduit 18a, lfting the check
valve 30. Return oil from the cylinder 2 passes

through the conduit 4, cylinder 6 and out the.
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conduit 42 to the tank retum line T, thus allow-
mg rapid traverse upwardly.

. During the time that the feed rate is in prog-
ress. as shown In Pig. 4, stop 22, which is slidably
attached to the stop rod 7, by requiring consider-

‘able friction to move it on the rod. has come in

contact with the permanently located stop 43,
after having shifted valves {2 and (9 through

contact of the stop 22 with the lever arm 25 of |

the valves (2 and (9. Continued advancement of
the piston 4 and hence the rod 1 will slide the
stop 22 upon the rod 7 thus increasing the dis-
tance between the permanently located stop. &4
and : the slidable stop 22. When return rapid
traverse occurs, due to the conditions previously
described, such rapid traverse continues upwardly

until the stop 84 contacts lever 25, and shifts the

valves (2 and (8 to the position shown in Fig. 3.
This cycle repeats itself during one drilling oper-
ation exactly as'described in Fig. 3-except that
the distance between the stops 22 and 44, now
being greater, a longer rapid traverse approach
will occur which is equivalent to the distance
drilled during the first step. This cycle will con-

5 tinue, each traverse being longer by the amount

drilled during the preceding step, until the pre-
determined total depth is reached. - The rapid
traverse up and the lines under flow are shown
in Fig. 5 and described in the next above para-
graph.

Referring now to Fig. 6, the various positions

of parts and conditions of pressure are shown’

which occur when the final depth of the hole has
been reached, and the final rapid traverse return
At this point of the cycle, on the
last down stroke, a stop 45 permanently connect-
ed to the upper end of the rod 71 contacts with
the projecting end 46 of the lever 8, shifting the
valves 9 and 4T which are connected to the same

operating shaft and hence move together. Coin- |

cident with this operation, pressure is removed
from the chamber 48 of the valve I4, through
conduit 49, valve 8 and conduits 27 and 56. The
shifting. of the valve 8 will also apply pressure
to the chamber 51 through line 26, thus moving
the piston in valve 14 to the right and causing

. the projection 52 to intercept the upward path

e

&t
o

£y

of movement of the stop 22 and thus causing the
rod 7 to be frictionally pushed through the stop
22 during the rapid stroke upward, such rapid
stroke upward having been caused by the valve
§ supplying pressure through the conduit §3,
check valve 54 and into the line 40, and also the
chamber 55 of the valve 6, the upper chamber
in the valve {6 being connected to the tank re-
turn by means of the conduit 15 and conduit 59.
Thus the conduit {3 is disconnected from the
conduit §5 due to the movement of the valve 14
from the position shown in Fig. 3 to the position
shown in Fig. 6. The closing of the valve 47 will

prevent the escape of pressure from the conduit )

. 49 and through check valve 32,

As shown in Fig. 7, the closing of the valve 47,

and conduit 13 by the valve 14, renders the valve
{2 inoperative so that the shifting of the lever 25
at the upper end of the return stroke has no
effect upon valve 16 with the result that the
piston § remains at rest at the upper end of the
last return stroke, pressure being - maintained
against the lower side of the piston until such
time as lever 8 is again moved to pldace the valves
and commumcatmg condmts in the pos1tion
shown in Fig. 3.

It will be obvious from a study of Figs. 3 to 7
that it is possible for the operator to reverse the

machine at-any time'by operating tixe lever l \

manually, the result being the same whether the
valves 8 and 47 are shifted manually or mechani-

cally. Fig. 6 illustrates the condition of the cir- -

cuit and valves if the lever 8 is shifted manually

when the drill press is in feed. Pig. 7 also illus-

‘trates the various circuits and valve positions if
the drill is reversed when in rapid traverse down.

As previously . described, reversal occéurs auto-
matically due to the filling of the chamber 37,
allowing the pressure in chamber 34 to escapeé
through the conduit 40 and shift the four way
valve 16. Referring to Fig. 3 it will be noted that
during rapid traverse down the valve 12 will have
supplied liquid under pressure to chamber §6,
pushing the piston 35 against the adjusting tool
39 and exhausting chamber 371 through the check
valve 83, conduit 3(, and through the valve 12 to
the tank return conduit T, thus placing the me-
‘tering chamber 37 in operable position for the
feed cycle which immediately follows, It will be
understood that reversing of the piston 35 at the
beginning of a stroke can be accomplished at a
different period, such as during the rapid trav-

erse up, but we prefer to reverse the piston 35 :

during the rapid traverse down or, in other words,
just before the feed period.

The important feature of the circuit is the
fact that the clearance between the finish of the
rapid stroke downward (or the start of the feed

10
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50

period) and the contact of the drill with the -

bottom of the hole, can be regulated by making
the position of the stop 43 adjustable so that
the sliding stop 22 may have varying positions
between the point where the valve {9 is cut off
and the point where the stationary stop 43 con-
tacts the sliding stop 22. Thus the stop 43 will,
of course, be adjusted at the beginning of the
drilling operation to suit the partficular work
being drilled, and may also be adjusted any time
during the drilling operation -if the operator
thinks that the clearance is too small or too great.

In Fig. 8 we have shown a detail of the feed
control assembly 29. This feed control assembly
is. more fully described in ccpending applica-
tion No. 543,908, filed June 12, 1931. In the
operation of this unit for controlling the speed of
the liquid actuated element, in this case the feed
of the drill, the liguid under pressure from the
exhaust side of the cylinder 5 enters through the
conduit 28 and into the valve chamber 6f. The
spring 62 normally acts upon a piston 63 to hold
valve 64 whereby liquid entering through the con-
duit 28 will fill the chambers 6f and §9, enter
the passageway 65 and fill the chamber 66 thus
creating pressure under the piston 63 tending to
move it towards valve closing position. If this
pressure should be sufficiently high it will com-
pletely overcome the spring 62 to effect closing
of the valve 64. Upon moving of the orifice valve
67 by the handle 68 to a predetermined point, the
liquid will flow past the orifice of this valve to
the conduit 38 and then to the displacement
chamber 37, and then later through the valve
12 to the return tank, as previously described.

30

60

When the valvé 67 is opened, a pressure drop .

occurs which will result in the spring §2 opening
the valve 64 and admitting additional liquid in

the chamber 69 whereby to instantly build up.
pressure in chambers 63 and 66 to move the j

piston. 63 towards valve closing position. Inas-
much as the orifice control valve 67 will have been

© set at a certain feed rate, the outlet of liquid

from the chamber 69 will be continuous and
therefore the inlet of liquid past-the valve 64 will
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also have to be continuous ‘to maintain a pres-
sure in the chamber 69. The piston 63 will be
automatically positioned so that just sufficient
liquid is admitted past the valve 64 to the cham-
bers 68 and 66 to maintain pressure sufficient to
partially overcome the spring 62, Pressure in
the chamber 69 will be maintained constant, for
any given spring, regardless of the opening of the
orifice provided in the valve 87. Any tendency
to increase the pressure in the conduit and in the
chamber 81 will be immediately reflected in the
chamber 66 to raise the piston and valve 84
towards closing position. Likewise any pressure
drop in the chamber 69 will be immediately re-
flected in the chamber 66, the spring 62 will
immediately open or enlarge the opening  past
the valve 64 and admit more liquid to the cham-
ber 69 to maintain.pressure therein. Thus uni-
form pressure is maintained in the chambers §9
and 66 regardless of the pressure in the chamber
6! and since uniform pressure is maintained in
the chamber 69, the flow past the orifice valve
67 must always be at the same rate for any given
position, it being understood of course, that any
change in oil viscosity due to & change in tem-
perature will be negligible.

The valve 84 preferably has a threaded fit with
the piston 68 to permit replacement of different
valves and valve stems. Normally the diameter
of the valve 84 is of the same diameter as the
enlarged portion of the valve stem within the
chamber 64 or adjacent the piston 63 so that the
pressure in the chamber 61 will not impart either
a downward or upward force on the piston §3.

-With this construction, end with the valve 87

set in a certain place, a constant speed or feed
rate is maintained irrespective of any change in
load. However, in many instances it may be
desirable to change the feed rate, for instance,
if desired to increase the rate of feed as the load
increases, the effective diameter of the valve stem
adjacent the piston 83 may be made larger then
the effective diameter of the valve §6 whereby
any drop in pressure in the line 28 due to a
sudden increase. in load will cause an increase
in pressure in the chamber 88, thus maintaining
increased speed during the effective period of said
increase in load. In other words, by proportion-
ing the relative areas of the valve 64 and valve

_stem adjacent the piston 63, any decrease in

pressure due to load can be made to increase or
decrease pressure in the chamber 89 thus in-
creasing or decreasing the feed rate. The space
10 on the other side of the piston $3 is in com-
muniesation, by means of s conduit 1, with the
outlet 3§ in the valve 28 to compensate for any
back pressure under any oberating conditions
as, for instance, the resistance created by a
relatively long pipe connected to the outlet 38.
Adjustment of stop 48, of the valve stem 68 and
the stop 38 provides step drilling of any desired
depth in increments of any desired amount and
at any desired feed rate, all accomplished hy-
draulically and through the same control means
namely, the cylinder 2 and piston 5.

Fig. 9, which is a sectional view taken on line
9—9 of Fig. 1, illustrates the compact, practical
design of our control valve 16 and hydraulic dis-
placement unit including the piston 35 and the
adjusting screw 39. A pump 13 is diagrammati-
cally shown as being connected into the conduit
16. This pump is preferably of the continuously
operating constant  displacement type. While
the various conduits and control elements con-
necting and embodied in the control valve 8

be depressed and thus
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and displacement unit are dlagrammatically il

" lustrated in Pigs. 3 and 4, Fig. 9 illustrates the

arrangement and location of these various con-
necting conduits and connections in one simple,
compact unit.

Fig. 10 is a sectional vlew taken on line §0—10
of Fig. 2. This cross sectional view illustrates
the practical design of the control piston and
cylinder {4, the piston being shown in its in-
nermost position corresponding to Figs. 3, 4 and
5, the spring backed plunger stop 652 also, of
course, being in retracted position, and the cen-

ter piston member being positioned between the

ports communicating with the conduits 15 and
271, If the valve (4 should be shifted when there
1s any interference with stop 52, the spring will
prevent breakage of any
of the parts. Normal contact is at right angles
to the stop B2. .

Fig. 11 is an enlarged sectional detail view
taken on line fi—If of Fig. 2 and illustrating
particularly the manner of mounting valves 12
and 9 on the same shaft so as to be controlled
by the lever 26. The compactness of this struc-
ture as compared to the diagrammatic arrange-
ment in Fig, 3 Is well illustrated when reference
is made to the valves 2 and | 9, conduit 66 and
check valve 326, :

Fig. 12 is a sectional view taken on line i2—{2
of Fig. 2 and illustrates the detalled structure
of the check valve unit 26a shown in its correct
position of operation in Fig. 3. 1Itis obvious that
this check valve is operative when used to coop-
erate with the valve 18 and set up back pres-
sure agali:st the piston § in its downward move-
ment. . i

Means for withdrawing drill at any time with-
out resetting stops is shown disgra-nmatically
in Fig. 4 and consists of a meanually operated
pilot valve 15 which serves as & by-pass direct
from the pressure line to line 46 for the purposs
of shifting the 4-way valve, and causing return
of the unit at any time without resetting the
stops. ‘The operation of this is as follows: Sup-
bose we are drilling with a %'’ drill and pro-
gressing by %'’ steps, normally these steps are
short enough so no clogging of chips in the drill
will cccur. Nevertheless, this clogging will hap-
ben occaslonally. The operator is made aware
of the chips clogging by noise or chatter of the
drill, and he simply moves the emergency re-
turn lever of valve 75 admitting ofl under pres-

sure into line 48, which causes the drill to pulr

out, thus clearing itself but not in any other way
disturbing its cycle. Immediately after the
rapid pull out of the drill, it will return to work
at the point where it was disturbed, and continue
to drill the hole in %'’ steps. If control lever
8 were used for this purpose all stops would be
reset, and the time which it would take to feed
back to the point of interruption would be lost.

Fig. 14 illustrates more or less diagrammaiti-
cally a method for securing varying lengths of
steps. For example, when drilling with a ="'
drill it may be desirable and possible to drill one
inch in depth before it is necessary to start drill-
ing in steps. It is also possible that after drill-
ing one inch, the next step might be one-half
inch, and then the last ones #&'’. The method
of accomplishing this result is to provide a small
valve 16 operated by recesses and projections 77
on rod 7 and connecting line 38 or the chamber
37 to the tank return. The valve 76 is opened
by contacting with a depression 17 which, when
open, provides a leak from chamber 37, and pre-
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vents this chamber filling due to ofl being nor- .

aally supplied to it through line 38. Feed will
then be continuous until one of the projections
on rod 7 closes the valve, which will cause cham-
ber 37 to fill, thus pulling out to clear the drill,

Any number or combination of drilling steps may,

be provided by this method. ‘ :
Fig. 15 diagrammatically illustrates a method
for decreasing the feed rate when entering or

finishing the drilling of a hole 18 in a crankshaft’

as shown in Fig. 16. This change in feed rate
is accomplished by controlling the movement

" of the speed control lever €8 with a rod 19 pro-

vided with a rigidly attached contact member 80
and s pivoted return cam 81, and by having stop
45, which limits the final reversal point of the
drill, contact projection 80 attached to rod 19,
sliding it downwardly and rotating feed valve
lever 68 so as to decrease.the feed rate while
breaking through the work. The drill rod unit

1 returns to the top end of the stroke after com-

pleting the hole, due to stop 45 finally contact-
ing lever 46 and causing the normal reversal as
heretofore explained.  In the meentime lever €8
remains in the decreased feed position. A new
plece is placed in the fixture of the nfachine
ready for drilling, and the operator starts the
cycle in the normal manner. Lever 8f is lo-
cated in the proper vertical position relative to

stop #4 so that it contacts with 44 after the hole -

is started. This shifts rod 19 in the proper di-

‘rection to increase the feed rate by moving le-
‘ver 68 in the opposite direction. The Increased

feed rate is maintained until the drill is ready
to finish the hole, at which time stop 4% will
again contact member 80 thus repeating the
cycle. ‘

In the case of torgue reversal, this may be ob-
tained by using a hydraulic motor 82 such as
shown disgrammatically in Fig. 3 for driving the
drill and then making use of the power on the
pressure side of the hydraulic motor so that when
this pressure exceeds a predetermined amount it
automatically controls the shifting of the 4¢-way
valve 16 to reverse the drill. As we have shown
diagrammatically in Fig. 3, this hydraulic motor
82 may be connected into the power line it of
the hydraulic system by means.of & conduit 83
and the return side of the hydraulic motor will
be connected through the conduit 84 to the tank
return line T. The inlet conduit 83 may.be con-

nected through s suitable relief valve 86 to &

conduit 87 and connected into the lower end of
the valve (6. When the torque between the drill
and the work Increases to a predetermined
amount, the pressure in the intake line 83 will
cause actuation of the rellef valve bypassing the
pressure line so as to operate the valve 16 and
reverse the drill, much the same as accom-
plished by the hand opeyated valve 15 shown
in Pig. 4, and without resetfing any of the stops
whereby drilling will be resumed again at the
same point of the cycle it was interrupted.

In referring to “accumulating stop means” in
the specification and claims, it will be under-
stood that we are referring to the stop 22 which
is moved progressively at each stroke to different
points along the rod to control the relative suc-
cessive positions at which the drill moves from

‘rapid traverse into feed. Thus the stop 22 is

accumulating in the sense that it adds up by
‘progressive steps the distance along the control
rod 1. 87 controls the distance of each individual

feed of 22 but 22 controls the position at which

37 starts to move.

5

What we claim is:’

1. A step drilling machine comprising in com-
bination a cylinder, a piston, a piston rod con-
nected to a drill or drills, & hydraulic circuit for
delivering fluid to and from fhe opposite ends
of sald eylinder, a pump for continuously cir-
culating liquid .through the circuit, hydraulic
means for moving the piston and the drill to and
from the work.at rapid traverse, automatically
acting stop means for changing the rapid traverse
into o feed rate and for controlling the position
of feeding said drill into the work at progressive-
ly incercasing depths, hydraulic means for control-
ling the length of each feed depth by measured
valume displacement, hydraulic means for con-
trolling the rate of movement during the feed-
ing step, and independently  adjustable means
for regulating the clearance between the finish
of the rapid traverse and the contact of the
drill with the work. :

2. In a step drilling machine, the combination
of a cylinder, a piston, a piston rod connected
therewith, a tool member connected to and mov-

_able by sald piston rod, & hydraulic circuit in-

cluding means for delivering fluid to and re-
celving fluid from the opposite ends of said cyl-
inder to cause reciprocation of the tool relative
to the work, means movable in unison with said
piston rod and cooperating with s plurality of
valve units for moving said piston and said tool

in a series of progressively advancing recipro--

cating strokes in cycles, each cycle comprising
a rapid traverse movement towards the work,
8 relatively slow feed rate movement through a
portion of the work and a rapid traverse move-
ment from the work, accumulating stop means
responsive to the feed movement in each cycle
for progressively increasing the depth of rapid
traverse in the succeeding cycle thereby advanc-
ing the feed range, and adjustable volumetric
displacement means coordinated with the oper-
ation of said valves and connected hydraulically
in series with at least one of said valves for
controlling the length of each feed stroke.

3. In a step drilling machine, the combination
of a cylinder, a piston, a piston rod connected
therewith, a tool member connected to and mov-
able by said piston rod, a hydraulic circuit in-
cluding means for delivering liquid to and re-
ceiving liquid from the opposite ends of said
cylinder to cause reciprocation of the tool rela-
tive to the work, means movable in unison with
said piston rod and cooperating with a plurality
of valve units for modifying the flow of liquid
to and from sald cylinder for moving said
piston and said tool in a series of progressive-
1y advancing reciprocating strokes in cycles, each
cycle comprising a rapid traverse movement to-
wards the work, a relatively slow feed rate move-
ment through a portion of the work and a rapid
traverse movement from the work, adjustable
volumetric displacement means coordinated with
the operation of sald valves and connected hy-
draulically in series with at least one .of said
valves for controlling the duration of each feed
stroke, automatically shiftable stop means co-
operating with said second named means for hy-

~draulically controlling the application of pres-

sure for progressively advancing the feed posi-
tion of the tool, and adjustable means cooperat-
ing with sald second named means and last
named means for regulating the clearance be-
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the contact between the tool and the work.

4. A step drilling machine comprising  in
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combination a drill driving member, a cylinder
and a piston therein, a piston rod connecting
said piston to said drill, control means movable
in unison with said piston rod, a hydraulic circuit
for feeding liquid to and from opposite sides of
said piston to cause reciprocation of the drill
relative to the work, a plurality of valve means
cooperating through a single operating member
with said control means, and a second set of plu-
rality of valves cooperating through a single mem-
ber with sald control means, and hydraulic means
including a volumetric displacement member hy-
draulically controlled by said valve means for
moving the piston and drill in a series of pro-
gressively advancing reciprocating strokes in
cycles, each cycle comprising a rapid traverse
movement towards and from the work and at a
predetermined relatively slow rate through the
work, means for reversing the drill at the end
of each feed stroke, and means for varying the
feed path with each drilling step to progressively
increase the depth of the drill.

5. A step drilling machine comprising in combi-
nation & drill or drills, cylinder and piston struc-
ture connected to and controlling the movement
of said drill, g hydraulic circuit for delivering lig-
uld to and from opposite ends of -sald cylinder,
valve structure for controlling the hydraulic
movement of said piston and said drill or drills
in a series of progressively advancing reciprocat-

ing strokes in cycles, each cycle comprising rapid
" traverse, feed and return rapid traverse strokes,
‘accumulating stop means responsive to the move-

ment of said drill through one feed stroke to de-
termine the position of the next feed stroke for
controlling the operation of said valves for hy-
draulically controlling the feeding of liquid to and
from said cylinder to feed said drill or drills into
the work to progressively increasing depths and
adjustable means for controlling the length of
each feed depth by measured volume displace-
ment.

6. A step drilling machme comprising in com-
bination & drill or drills, eylinder and piston struc-
ture connected to and controlling the movement
of said drill, a hydraulic circuit for delivering
liquid to and from opposite ends of said cylinder,
valve structure for controlling the hydraulic
movement of said piston and said drill or drills
in a series of progressively advancing reciprocat-
ing strokes in cycles, each cycle comprising rapid
traverse feed and return rapid traverse strokes,
accumulating stop means responsive to the move-
ment of said drill through one feed stroke to de-
termine the position of the next feed stroke for

controlling the feeding of said drili into the .

work to progressively increasing depths, and hy-

draulic means for controiling the length of each -

feed depth by measured volume displacement.

7. A step drilling machine comprising in com-
bination a drill or drills, cylinder and piston struc-
ture connected to and controlling the movement
of said drill, a hydraulic circuit for delivering liq-
uld” to and from opposite ends of said cylinder,
valve structure for controlling the hydraulic
movement of said piston and said dril’ sr drills in
a series of progressively advancing reciprocating
strokes in cycles, each cycle comprising rapid
traverse feed and return rapid traverse strokes,
accumulating stop means responsive to the move-
ment of said drill through one feed stroke to de-
termine the position of the next feed stroke for
controlling the feeding of said drill into the work
to progressively increasing depths, and a single
volumetric displacement unit for controlling the
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duration of each feed stroke and the initlation
of the rapid traverse return stroke of the drill.
8. In an attachment of the character described
for drill presses, the combination of a hydraulic
unit for ready attachment to a drill press frame,
and a piston rod carried by sald attachment and
connected to and controlling the movement of
said drill, control means movable in unison with
said piston rod, a hydraulic circuit for feeding
liquid to and from opposite sides of said piston to
cause reciprocation of the drill relative to the
work and a plurality of valve means positioned
relative to said control means so as to be operated
thereby, and hydraulic means responsive to the
operation of said valves and connected through
& shifting valve with sald piston for moving said
drill in a series of progressively advancing re-
ciprocating strokes in cycles, each cycle compris-
ing movements towards the work in rapid trav-
erse, into the work at a predtermined feed rate,

“and from the work at rapid traverse, said shifting

valve being actuated by positive pressure from
sald plurality of valves and said last named
means including means for automatically re-
setting the feed path in each cycle.

9. In an attachment of the character described
for drill presses, the combination of a hydraulic
unit for ready attachment to a drill press frame,
and g piston rod carried by said attachment and

connected to and controlling the movement of 3

said drill, control means movable in unison with
said piston rod, a hydraulic circuit for feeding
liquid to and from opposite sides of said piston

- and a plurality of valve means positioned relative
to said control means so as to be operated there-

by, hydraulic means responsive to the operation
of said valves for successively moving said drill
in g series of progressively advancing reciprocat-
ing strokes in cycles, each cycle comprising move-
ments towards the work in rapid traverse, into
the work at a predetermined feed rate and from
the work at rapid traverse, accumulating stop
means responsive to the feed movement in each
cycle for progressively increasing the depth of
rapid traverse in the succeeding cycle and there-
by advancing the feed range, and a single manu-
ally operated valve member cooperating with said
accumulafing stop means for resetting all parts
and return the drill to the starting point at any

time, and means operable for reversing the drill !

at any time independently of and without reset-
ting any stops or control means whereby the drill
will return to its work at the point where it was
reversed when progressive step drilling is re-
sumed.

10. A step drilling machine comprising in com-
bination a drill or drills, cylinder and piston strue-
ture connected to and controlling the moveme
of said drill, a hydraulic circuit for delivering fluid
to and from opposite ends of said cylinder, valve
structure for hydraulically moving said piston
and said drill or drills in a series of progressively
advancing reciprocating strokes in cycles, each
cycle comprising rapid traverse, feed and return
rapid traverse strokes, accumulating stop means
responsive to the feed moveinent in each cycle for
progressively increasing the depth of said trav-
erse in the succeeding cycle and thereby ad-
vancing the feed range, hydraulic means for con-
trolling the length of each feed depth by measured
volume displacement, and means operable for re-~
versing the drill at any time independently of and
without resetting said stop means or hydraulic
means.

11, In @ step drilling machine, the combina-
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tion of a cylinder, a piston; a piston rod con-
nected therewith, a tool member connected to
and movable by said piston rod, a hydraulic cir-
cuit including means for delivering fluid to and
receiving fluid from the opposite ends of said
cylinder to cause reciprocation of the tool rela-
tive to the work, means movable in unison with
said piston rod and cooperating with & plurality
of valve units for moving said piston and said
tool in a series of progressively advancing recip-
rocating strokes in cycles, each cycle comprising
a rapid traverse movement towards the work,
a relatively slow feed rate movement through
a portion of the work and a rapid traverse move-
ment from the work, adjustable means coordi-
nated with the operation of said valves for con-
trolling the length of each feed stroke by meas-
ured volume displacement, and means operable
in combination with said second named means
for changing the normal feeding of said last
nanmed means. )

12. A step drilling unit comprising in combina-
tion & cylinder and piston, a drill operatively
connected to and movable by the piston rod of
said piston, means for rotating the drill, control
means connected to and movable in unison with
said piston rod, a hydraulic circuit, power means
for delivering a driving liguid to said circuit un-
der pressure, hydraulic means for moving said
piston and said drill to and from said step drill-
ing operation at rapid traverse, means auto-
matically actuated by said control means for
feeding the drill into the work to progressively
increasing depths, the length of each feed step
heing normally controlled by hydraulic meas-
ured volume displacement, and means for vary-
ing the length of any normal predetermined feed
step operable in combination with said second
named means to temporarily render sald meas-
ured volume displacement ineffective. :

13. In s step drilling machine, the combina-
tion of a cylinder, a piston, & piston rod con-
nected therewith, a tool member connected to
and movable by said piston rod, a hydraulic
eircuit including means for delivering finid to
and receiving fluid from the opposite ends of said
cylinder to cause reciprocation of the tool rela-
tive te the work, means movable in unison with

said piston rod and cooperating with'a plurality

of valve units for moving said piston and said
tool in a series of progressively advancing recip-
rocating strokes in cycles, each cycle comprising
2 rapid traverse movement towards the work,
a relatively slow feed rate movement through
a portion of the work and a rapid traverse move-
ment from the work, adjustable means coordi-
nated with the operation of said valves for con-
trolling the length of each feed stroke, and
means operating in combination with said second
named means for slowing down the feed rate
at the beginning and towards the end of the
complete drilling operation.

14. A step drilling machine comprising in com-~
bination a drill or drills, cylinder and piston
structure connected-to and controlling the move-
ment of said drill, a hydraulic circuit for deliver-

ing fluid to and from opposite ends of said

eylinder, valve structure for hydraulically mov-
ing said piston and said drill or drills in a series
of progresively advancing reciprocating strokes
in cycles, each cycle comprising rapid traverse,
feed and return rapid traverse strokes, accum-

ulating stop means responsive to the movement

of said drill through one feed stroke to determine
the position of the next feed stroke for controi-

7

ling the feeding of said drill into the work to
progressively increasing. depths, and means re-
sponsive to the complete path of movement of
the drill and independently of said accumutlating
stop means for slowing down the feed rate of the
drill at the beginning and towards the end of the
actual drilling operation.

15. A step drilling unit comprising in comblna-
tion a cylinder and piston, a drill operatively
connected to and movable by the pistoh rod of
said piston, control means movable in unison
with said piston rod, -a hydraulic circuit for
feeding liquid to and froim opposite sides of said
piston to cause reciprocation of the drill relative
to the work, a plurality of valve means positioned
relative to said control meens so as to be oper-
ated thereby, hydraulic power means for rotat-
ing said drill, hydraulic means responsive to the
operation of said valves for moving said drill
in a series of progressively advancing recipro-
cating strokes in cycles, each cycle comprising
movement toward the work in rapid traverse,
into the work at a predetermined feed rate and
from the work at rapid traverse, accumulating

stop means carried by said control means and  2:

responsive to the feed movement in each cycle

o

—

0

20

for advancing the range in each feed stroke

to progressively increase the depth of the drill,
and means responsive to a predetermined torque
between the drill and the work for reversing the
drill.

-18. A step drilling unit comprlsing in combi-

‘nation a cylinder and piston, a drill operatively
" connected to and movable by the piston rod of

said piston, control means movable in unison
with said piston rod, a hydraulic circuit for feed-
ing liquid to and from opposite sides of said piston
to cause reciprocation of the drill relative to the
work, a plurality of valve means positioned rela-
tive to said control means so as to be operated
thereby, hydraulic power means for rotating said
drill, hydraulic means responsive to the opera-
tion of said valves for moving said drill in a series
of progressively advancing reciprocating strekes
in cycles, each cycle comprising movement toward

the work in rapid traverse, into the work at a

predetermined feed rate and from the work at
rapid traverse, accumulating stop means carried
by said control means and responsive to the feed

movement in each cycle for advancing the range 5

in each feed stroke to progressively increase the
depth of the drill, and means including both
manual means and means responsive to a pre-

‘determined torque between the drill and the
work for reversing the drill at any time inde- :

pendently of and without resetting accumulating
stops.

17. A step drilling unit comprising in com-
bination a cylinder and piston, a drill operatively

connected to and movable by the piston rod of
'said piston, control means movable in unison

with said piston rod, a hydraulic circuit for feed-
ing liquid to and from opposite sides of said
piston to cause reciprocation of the drill rela-
tive to the work, a plurality of valve means posi-
tioned relative to said control means so as to be
operated thereby, hydraulic power means for ro-
tating said drill, hydraulic means responsive to
the operation of said valves for moving said drill

‘in a series of progressively advancing reciprocat-
ing strokes in cycles, each ecycle compr.sing

movement toward the work in rapid traverse,
into the work at a predetermined feed rate and
from the work at rapid traverse, accumulating

stop means- carried by sald control means and

30

a5

40

60

65




i'esponsive to the feed movement in each eycle
for advancing the range in each feed stroke to

" progressively increase the depth of the drill,
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‘means responsive to a predetermined torque be-

tween the drill and the work for reversing the
drill, and means responsive to the final drilling
step for automatically resetting all stops and
controls at the finish of the drilling operation,
18. A step drilling unit comprising in com-
bination s cylinder and piston, a drill operatively
connected to and movable by the piston rod of
said piston, control means movable in unison
with said piston rod, s hydraulic circuit for feed-
ing liquid to and from opposite sides of said
piston to cause reciprocation of the drill rela-
tive to the work, a plurality of valve means posi-
tioned relative to said control means so as to be
operated thereby, hydraulic power means for ro-
tating said drill, hydraulic means responsive to
the operation of said valves for moving said drill
in a series of progressively advancing reciprocat-
ing strokes in cycles, each cycle comprising
movement toward the work in rapid traverse,
into the work at a predetermined feed rate and
from the work at rapid traverse, accumulating
stop means carried by said contrcl means and
responsive to the feed movement in each cycle
for advancing the range in each feed stroke to

progressively increase the depth of the drill,

means including both manual means and means
responsive to a predetermined torque between
the drill and the work for reversing the drill
at any time independently of and without reset-
ting accumulating stops, and means responsive
to the final driiling step for asutomatically re-
setting all stops and contrcls at vhe finish of the
drilling operation.

19. In a step drilling machine, the combina-
tion of a cylinder, a piston, & piston rod con-
nected therewith, s drill member connected to
and movable by said p!ston rod, & hydraulic cir-
cuit including means for delivering fluid to and
recelving fluid from the opposite ends of sald
cylinder to cause reciprocation of the tool rela-
tive to the work, hydraulic means for rotating
sa!d drill, 1neans movable in unison with sald
piston rod and cooperating with a plurality of
valve .units for moving said piston and said tool

in a series of progressively advancing recipro- .
“U cating strokes in cycles, each cycle comprising

a rapid traverse movement towards the work,
a relatively slow feed rate movement through a
portion of the work and a rapid traverse move-
ment from the work, means coordinated with the
operation of said valves for controlling the length
cf each feed stroke, and means responsive to a
predetermined torque between the drill and the
work for reversing the drill at any time inde-
pendently of and without resetting any valves or

-control means whereby the drill will return to

its work at the point of reversal.

20. In a step drilling machine, the combina-
tion of a cylinder, a piston, & piston rod con-
nected therewith, a drill member connected to
and movable by said piston rod, & hydraulic cir-
cuit including means for delivering fluid to and

_receiving fluid from the opposite ends of said

cylinder to cause reciprocation of the tool rela-
tive to the work, hydraulic means for rotating

‘said drill, means movable in unison with said

piston rod and cooperating with a plurality of

. valve units for moving said piston and said tool

%

in a series of progressively advancing recipro-

. cating strokes in cycles, each cycle comprising
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a rapld traverse. movement towards the work,
& relatively slow feed rate movement through a
portion of the work and a rapid traverse move-

ment from the work, means coordinated with the’

operation of said valves for controlling the length
of each feed stroke, means responsive to a pre-
determined torque between the drill and the work
for reversing the drill at any time independ-
ently of and without resetting any valves or con-
trol means whereby the drill will return to its
work gt the point of reversal, and means respon-
sive to the final drilling step for automatically

10

resetting all stops and controls at the finish of -

the drilling operation.

21. In a machine tool having a tool holder,
hydraulic means for advancing and retracting
said holder, a hydraulic circuit for delivering
fiuid to and from said means, a pump for con-

156

tinuously circulating liquid through the circuit, .

hydraulic control means for effecting advancing
and retracting of the tool holder at rapid trav-
erse, automatically acting stop means for cheng-
ing the rapid traverse of the tool holder into a
feed rate and for controlling the progressive po-
sitioning of the.tool holder relative to the work
at each successive stroke, hydraulic means for
controlling the amount of movement during the
operation of each progressive feed rate by meas-
ured volume displacement, and hydraulic means
connected in series with said last named means
for controlling the rate of movement during the
feeding step.

22. In a machine tool having a tool holder, hy-
draulic means for advancing and retracting said
holder, a hydraulic circuit for delivering fiuid to
and from said means, a pump for continuously
circulating liquid through the circuit, hydraulic
control means for effecting advancing and re-
tracting of the tool holder at rapid traverse, auto-
matically acting stop means for changing the
rapid traverse of the tool holder into a feed rate
and for controlling the progressive positioning of
the tool holder relative ta the work at each suc-
cessive stroke, hydraulic means for controlling the
amount of movement of each progressive feed into
the work by measured volume displacement, hy-
draulic means for controlling the rate of move-
ment during the feeding step, and independently
adjustable means for regulating the clearance be-

tween the finish of the rapid traverse and the ;

contact of the tool with the work.

23. In a machine tool having a tool holder, hy-
draulic means for advancing and retracting said
holder, a hydraulic circuit for delivering fluid to
and from said means, a pump for continuously
circulating liguid through the circuit, hydraulic
control means for efiecting advancing and re-
tracting of the tool holder at rapid traverse, auto-
matically acting stop means for changing the
rapid traverse of the tool holder into a feed rate
and for controlling the progressive positioning
of the tool holder relative to the work at each suc-
cessive stroke, hydraulic displacement means con-
nected with a shift valve for controlling the
amount of movement of each progressive feed into
the work and time of return, and hydraulic means
for controlling the rate of movement during the
feeding step.

24. In a machine tool having a tool holder, cyl-

inder and piston structure connected to and con-

trolling the movement of said tool holder, a hy-

draulic circuit for delivering liquid to and from .

opposite ends of said cylinder, valve structure
for controlling the hydraulic movement of said

_piston and said tool holder in a series of pro-

20

25

30

40

i5

60

65

%



2,079,640

gressively advancing reciprocating strokes in
cycles, each cycle comprising feed and return
rapid traverse strokes, and a single volumetric
displacement unit for controlling the amount of
each progressive advance into the work and the
initiation of the rapid return stroke.

- 25. Tn a machine tool having a tool holder, cyl-
inder and piston structure connected to and con-
trolling the movement of said tool holder, a hy-

10 draulic circuit for delivering liquid to and from

opposite ends of said cylinder, valve structure for
controlling the hydraulic movement of said pis-
ton and said tool holder in a series of progressively
advancing reciprocating strokes in cycles, each
5 cycle comprising feed and return rapid traverse
strokes, and an adjustable hydraulic displacement
unit adapted to be connected in series with liquid
exhausted from said cylinder at the start of each
feed stroke for controlling the amount of each

20 progressive advance.

- 96. In a machine tool having a tool holder, hy-
draulic means including piston and cylinder for
advancing and retracting said holder, reversing
and speed control means for said holder, and a
hydraulic circuit hydraulically connected to said
reversing and speed control means for delivering
fluid to and from the opposite ends of said cylin-

: 9

der, the combination therewith of hydraulic dis-
placement means connected into said circuit and
adapted to be connected in series with liquid ex-
hausted from said cylinder at the start of each
feed stroke and operable by measured volume dis-
placement to progressively advance the. working
position of the tool holder a predetermined dis-
tance at each stroke. -

27. In a machine tool having a tool holder, hy-

draulic means including piston and cylinder for
advancing and retracting said holder, reversing
and speed control means for said holder, and &
hydraulic circuit hydraulically connected to said
reversing and speed control means for deliver-
ing fluid to and from the opposite ends of ‘said
cylinder, the combination therewith of hydraulic
displacement means connected into sald circuit
and adapted to be connected in series with liq-

uid exhausted from said cylinder at the start of

each feed stroke and operable by measured vol-
ume displacement to progressively advance the
working position of the tool holder a predeter-
mined distance at each stroke, and means for
varying said measured volume displacement to
control the amount of said advancement.
HARRY F. VICKERS.
KENNETH R. HERMAN.
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