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Leland-Gifford Company, Worcester, Mass., a 
corporation of Massachusetts 
Application July 30, 1940, Seria No. 348,383 

49 Caims. (C. i-32) 
This invention relates to a hydraulic drilling 

machine having provision for automatic, as Well 
as manual, control of the rate and direction of 
relative movement between the drill and the WOrk. 

In the present machine, herein shown as a ; 
multiple spindle drill, it is more convenient to 
move the work Supporting table relatively to the 
drills, rather than the drills to the Work. 
One of the objects of the present invention is 

the provision of a hydraulically operated drill 
having a hydraulic motor, as a cylinder and pis 
ton, for moving the work toward and away from 
the drill, and control mechanism So arranged that 
the work supporting table can be caused to oper 
ate automatically in different Ways or cycles, in 
cluding complete manual Control of the Speed, 
direction of movement and position, as deter 
mined by the setting of Suitable cycle selecting 
Valve mechanism. 
The hydraulically operated drilling machine of 3 

the present invention is so arranged that it can 
be operated like an entirely nechanical hand op 
erated Sensitive drilling machine, where the di 
rection and rate of movement of the Work Sup 
porting table and the pressure of the drill on the 
work is controlled by a suitable hand lever, the 
work following the movement of the hand lever 
at a proportional speed and exerting pressure On 
the drill in proportion to the manual pressure 
on the hand lever. 
The machine is also arranged to operate On SeV 

eral cycles as follows: 
A. A fast approach from a neutral or retracted 

position to a stop position close to the drill in re 
sponse to the depression of a foot pedal, and then 3 
a Slow feed against the drill upon release of the 
pedal and an automatic retraction from the drill 
after the full depth of hole has been drilled. De 
pression of the pedal during any advanced posi 
tion of the Work effects the automatic retraction 3 
of the work to the neutral or retracted position. 

B. An automatic cycle consisting of a fast ap 
proach to the drill, a slow feed against the drill 
without any Stop at the end of the fast approach 
stroke, and a rapid retraction to the neutral f: 
position, the cycle being initiated by the depres 
sion of the foot pedal and the movement being 
reversed at any intern ediate advanced position 
of the Work by a Subsequent depresgion of the 
pedal. 

C. A continuous repetition of the automatic 
cycle consisting of a rapid advance to the drill, 
a slow feed against the drill, a rapid traverse to a 
position clearing the drill, and a repetition of 
the aforesaid initiated by depressing the pedal 

O 
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and continued by holding the pedal depressed, 
emergency return being effected by the release, 
the depression and Subsequent release of the 
pedal. 

D. Purely hand feed. 
The Warious cycles are Selected and are caused 

to be rendered operative by appropriate cycle se 
lecting Valve mechanism. A machine thus ar 
ranged constitutes a further object of the present 
invention. 
Another object of the invention is generally 

to improve the operation of hydraulic drilling 
machines. 
This application is a continuation in part of 

ny application Serial No. 237,510, filed October 
28, 1938, wherein is shown and claimed a hy 
draulic drilling machine arranged for purely 
manual Control of the Speed and direction of 
movement of the drill and pressure of the drill 
On the Work. 

Fig. 1 is a side elevation of a hydraulic drill 
ing machine and hydraulic fluid supply unit en 
bodying the present invention. 

Fig. 2 is a plan view of several of the drilling 
5 machine units of Fig. 1, arranged in line, and 
taking hydraulic fluid from a common supply. 

Fig. 3 is a side elevation of the table recipro 
cating hydraulic cylinder and piston and control 
mechanism of Fig. , part of the movable Work 
Supporting table being broken away. 

Fig. 4 is a front elevation of the mechanism of 
Fig. 3. 

Fig. 5 is a plan WieW of the mechanism of Fig. 
3 taken along line 5-5 of Fig. 4. 

Fig. 6 is a side elevation of the hydraulic cylin 
der. 

Fig. 7 is a plan view of the cylinder. 
Fig. 8 is a sectional detail taken along line 

8-8 of Fig. 7, and illustrating particularly the 
arrangement of oil passages. 

Fig. 9 is an enlarged sectional detail of the 
manual control valve and its associated mecha 
nism, taken along lines 9-9 of Figs. 4 and 10. 

Fig. 10 is a section taken along line f-f O of 
Fig. 9. 

Fig. 11 is an enlarged sectional detail of the 
iOWer end part of the manual control valve taken 
at right angles to the section of Fig. 9. 

Fig. 12 is a Sectional detail taken along line 
(2-2 of Fig. 11. 

Fig. 13 is a Section taken along line 3-3 of 
Fig. 9, and illustrating particularly the hydrau 
lically-operated valve holding and setting plung 
e.S. 

Fig. 14 is a section through the feed-rate con 



2 
trolling valve, taken along line 4-4 of Fig. 4, 
the valve being illustrated in an Open position 
thereof. 

Fig. 14a is a sectional detail of the manual 
valve setting lever of Fig. 14, taken along line 
4a- 4a of Fig. 4. 
Fig. 14b is a detail illustrating the arrange 

ment of the exhaust oil port of the feed-rate 
valve, viewed from the left hand end of the feed 
trate Valve block of Fig. 14. 

Fig. 15 is a sectional view taken along line 
5- - 5 of Fig. 4, and illustrating particularly the 

governing valve for securing an unvarying rate 
of movement of the table regardleSS of preSSure 
variations between the Work and the drill. 

Fig. 16 is a plan view of the valve block as 
sembly of Figs. 3 and 4, containing the cycle 
Selecting valves, the selector controlled Switch 
ing valves and the work-position-controlled re 
versing valve. 

Fig. 17 is an end view of the Valve block as 
Sembly of Fig. 16. 

Fig. 18 is a Sectional detail taken along line 
8-8 of Fig. 16, and illustrating the Switching 

Valves. 
Fig. 19 is a sectional view taken along line 
9-9 of Fig. 16, and illustrating the reversing 

Valve. 
Fig. 20 is a section through the cycle selector 

valve block taken along line 20-20 of Fig. 16. 
Fig. 21 is a section taken along line 2-2 of 

Fig. 16. 
Fig. 22 is a section taken along line 22-22 of 

Fig. 16. 
Fig. 23 is a side elevation of the cycle selecting 

Valve. 
FigS. 24, 25 and 26 are sections taken along 

lines 24-24, 25-25, and 26-26, respectively, of 
Fig. 23, and corresponding with Figs. 20, 21 and 
22, respectively, which sections are hereinafter 
termed the X, Y and Z sections of the selector 
valve. 

Fig. 27 is a side elevation of the Selector valve 
with the valve in a partially rotated position 
With respect to the position illustrated in Fig. 23 
to show an internal port-interconnecting passage. 

Fig. 27a is a plan lay-out of the passages of 
the cycle Selector Valve of Fig. 23. 

Fig. 28 is a side elevation of the hydraulic 
cylinder, table, valve mechanism and supporting 
column with the side web of the table broken 
away to illustrate the valve mechanism and the 
cam mechanism carried by the column for con 
trolling the reversing valve to control the begin 
ning of the slow feed advance and the amount 
of feed advance and retraction of the table. 

Fig. 29 is an end view of the cam operated 
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reversing valve controlling mechanism of the cyl 
inder and table, looking up in Fig. 28. 

Fig. 30 is a plan view of the cam operated 
reversing valve controlling mechanism, looking 
to the left in Fig. 28. 

Fig. 31 is a diagram of the hydraulic circuits 
of the apparatus, with the selector valve set for 
the performance of cycle A. 

Figs. 31a, 31b and 31c are respectively fast, 
advance, feed and retraction positions of the 
reversing valve of Fig. 31. 

FigS. 32, 33 and 34 represent successive posi 
tions assumed by the X, Y and Z. sections of the 
cycle selector valve for cycles B, C and D. 
The hydraulic drilling machines embodying the 

present invention includes a vertical column 40 
rising from a supporting base 42 and carrying at 
the upper part thereof a housing 44 which Sup- 75 outer end thereof. 

60 
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ports a plurality of drill spindles 46 that are ad 
justable as to their position with respect to each 
other and are driven by an electric motor 48 
common to all spindles. The column under the 
drill spindle is provided with vertical Ways 50 
on Which a work Supporting table 52 is vertically 
movable by hydraulic mechanism including a 
Vertical hydraulic cylinder 54 disposed under and 
fixed to the table and a piston 56, Fig. 4, op 
erative within the cylinder and fixed to the 
upper end of a vertical piston rod 58 bolted to 
the base 42. As thus arranged, the piston and 
piston rod are fixed and remain stationary and 
the cylinder and table reciprocate. 
The cylinder receives oil under pressure 

through control mechanism, later to be described, 
from a constant pressure oil supply comprising a 
gear pump 6 driven by a constant speed motor 
62, the pump and motor being mounted on the 
cover of an oil tank 64. The pressure supply 
unit is intended to maintain an ample supply of 
oil under constant pressure at all times when 
operating. The particular unit herein employed 
is now Well known in the art and is illustrated in 
my joint patent with Benjamin S. T. Bishop No. 
1905,133, issued April 25, 1933. 

Oil under pressure is delivered from the Sup 
ply unit into a pressure manifold 66 to a battery 
of similar hydraulic drilling machines and ex 
haust oil from the machines is delivered to a 
manifold 68 from whence the oil returns into 
the tank. The high pressure and exhaust oil 
manifolds are connected to a junction box 70 
associated with each machine where the high 
pressure and the exhaust oil pass through flex 
ible pipes or hose 72 and 74, respectively, be 
tWeen the junction box to the WallWe mechanism 
carried by and movable With the table. 
The hydraulic cylinder 54, see especially Figs. 

6, 7 and 8, is provided intermediate its ends with 
a pad 16 to the face of which a feed-rate con 
trolling valve block 8 is bolted. The cylinder 
has upper and lower oil passages or ducts 80 
and 82, respectively, which open into the face 
of the pad and register with appropriate pas 
Sages in the valve block. The upper and lower 
ends of the ducts open into the upper and lower 
ends of the cylinder, as illustrated in Fig. 8 
respectively above and below the piston at its 
extreme positions. 
The valve block 8 has a high pressure oil 

paSSage 84 therein which has one opening in the 
lower face of the block where it connects With 
the high pressure hose or flexible conduit 72 and 
has another opening in the right hand side face 
of the block where it communicates with a hand 
controlled valve casing 66. The valve block T8, 
See FigS. 4, 14, 15 and 31, contains a speed or 
feed-rate setting valve 88 by which the cutting 
Speed of the table is set and a governing valve 
90 which maintains the cutting spaed uniform 
regardless of variations in pressure between the 
drill and the work at any speed as set by the 
Speed setting valve 88. 
The Speed setting valve 88 is of the piston type 

and includes two spaced pistons 92 and 94, Fig. 
14, Operating in a vertical passage or cylinder 
96, the ends of the passage being closed by 
ScreWS 98 and G. A spring 2 acts endwise on 
the lower end of the valve to press the upper 
end against an eccentric part a 4 of a shaft O6 
journalled horizontally in the valve block and 
extended through the cover 3 thereof and hav 
ing a manually-engageable arm fixed to the 

The free end of said arm 
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has an indicating projection 2 which travels 
over an arcuate speed indicating scale 4 car 
ried by the cover plate. The arm can be 
clamped in any adjusted position by means of a 
bolt 6 which passes through the end of the 
arm and is free for axial movement therein but 
is held against rotation. The inner end part 
of the bolt operates in an arcuate slot 8 of 
the cover plate and has a head which Overlies 
the slot. Thus by tightening up the finger grip 
member 28, which is screw-threaded On the bolt, 
the arm can be clamped to the cover plate in 
any set position. It will be apparent that the 
swinging of the arm causes the eccentric part (4 
of the shaft 6 to rise and fall and thereby 
varies the vertical position of the feed-rate Set 
ting valve 83. 
The valve cylinder 96 is provided with a port 

22 which opens into the high pressure duct 84 
so that pressure oil is always maintained between 
the valve pistons 33, 94. The upper valve pis 
ton 88 controls the flow of high pressure oil from 
the valve cylinder 9 through the port 26 by cut 
ting off more or less of the area of the port as de 
termined by the setting of the valve under Con 
trol of the shaft f8, or by completely closing 
said port by hydraulic operation as Will be ex 
plained hereinafter. The port 2 is in line 
with and communicates with the port 26 in the 
valve cylinder 23 of the governing valve 96 from 
whence oil ultimately flows into the top of the 
cylinder 54 through an upper port 30 and a 
duct 32, see also Fig. 31. The lower valve pis 
ton 94 of the feed regulating valve is ai'ranged 
to control the effective opening of a lower duct 
34 which receives exhaust oil from the botton 
end of the cylinder, the oil coming from a duct 
3S and passing, as throttled by the valve, out 
of the valve cylinder through a lower port 38 
into an exhaust duct 45 and thence to drain. 
The outlet duct 34 is provided with a Small 
notch 42, see Figs. 14, 14b, in its lower Wall So 
that when the lower valve piston 94 moves down 
wardly to close the port 34 either by manual 
operation of the arm or by hydraulic Oper 
ation, the outflow of oil from the botton of the 
cylinder is not suddenly stopped but is throttled 
in a more or less gradual manner. 
The feed valve can be moved downwardly in 

dependently of direct manual control by the 
introduction of pressure oil into the cylinder 
chamber 44 above the top piston 88 through a 
duct as under control of the cycle Selecting 
valve apparatus hereinafter to be described. 
The speed governing valve 90 has two valve 
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pistons 48 and 50 operating in the valve cylin 
der 28, the cylinder being closed at the top and 
bottom ends by screws 152, 54, respectively. A 
compression spring 56 is in the cylinder and 
bears against the lower end of the valve to main 
tain it normally in raised position against the 
upper screw 52. The incoming oil, flowing at a, 
rate determined by the setting of the feed valve 
88, enters the valve cylinder 28 through the 
port 26 and passes out of the cylinder through 
the upper port 30 and through the duct 32 into 
the top of the cylinder, as has been described. 
Oil is introduced into the upper cylinder chamber 
58 through a duct 60, see Fig. 31, communicat 

ing with the duct 36 so that the back pressure 
oil in the bottom of the cylinder influences the 
setting of the governing valve 90 to cause the 
governing valve to increase the throttling effect 
on the inflowing oil in accordance With the in 

60 
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crease of back pressure of the outflowing oil. 75 

3 
With the arrangement of the speed setting and 
governing valves, the movement of the table is 
uniform for any setting of the Speed valve re 
gardless of variations in pressure betWeen the 
work and the drill. The fundamental principle 
of operation of these valves is not herein novel 
as it is described, for instance, in my Patent No. 
2,073,518, dated March 9, 1937, although the 
manner of the manual setting of the speed valve 
is herein novel. The lower end of the governing 
valve cylinder 28 is connected to the exhaust 
duct 4 through a restricted passage 62 which 
Serves to prevent Sudden movements of the wave. 
The speed setting and governing valves are 

operative for parts of the automatic cycles when 
the machine is set for automatic operation but 
are rendered inoperative when the machine is set 
for entirely manual operation, as will presently 
appear. 

The control of the oil flow into and out of the 
upper and lower ends of the hydraulic cylinder 
is also under control of main or master valve 
mechanism located within the valve block 86, 
this mechanism being susceptible of purely man 

5 lal Operation and also being susceptible of hy 
draulic control. Said valve mechanism, see espe 
cially Figs. 9, 10, 11, 12 and 31, includes a valve 
Cylinder S4 having upper, intermediate and 
lower annular ports 66, 68 and 70, respec 
tively, which communicate through upper, inter 
mediate and lower ducts 72, 4, 6, respec 
tively, with the ducts 32, 84 and 36, respec 
tively, of the valve block 78. Thus the inter 
mediate port 68 is constantly under high pres 
Sure oil from the oil supply and the upper port 
66 is in constant communication with the upper 
end of the cylinder and the lower port To is in 
constant communication with the lower end of 
the Cylinder. The valve cylinder also has a 
lowermost port 8 which communicates through 
a duct 80 with the exhaust duct 40 of the valve 
block 78, by which duct the exhaust oil from the 
Speed and governing valves passes to the drain. 
The bottom end of the valve cylinder is closed 
by a plug 82 through the bottom of which the 
drain hole 74 communicates. 
The Valve cylinder 64 has a valve sleeve 84 

fixed therein provided with upper, intermediate 
and lower ports 86, 88 and 90, which register 
With respective ports 66, G8 and 7 a. The valve 
sleeve is clamped in place by a disc 92 which is 
Screw-threaded into the lower end of the valve 
Cylinder and presses the sleeve against a spacing 
ring 94 seated on a shoulder in the upper end 
of the cylinder. 
A hollow valve 96 reciprocates vertically with 

in the sleeve and has upper and lower lands is 8 
and 2, respectively, which normally confront 
and Seal the ports 86 and 90 of the valve sleeve. 
The Valve also has end lands 292 and 24 which 
provide exhaust passages between them and the 
adjacent, lands 38, 20, which passages open to 
the interior of the valve. Thus upward displace 
ment of the valve opens the port 85 to receive 
high presslure oil from the intermediate port, 88 
to effect the upward movement of the Work sup 
porting table. At the same time, the valve opens 
the lower port 9 to discharge oil from the bot 
toin of the cylinder into the interior of the wave 
where the oil runs into the drain A. Depression 
of the valve from the mid position causes high 
pressure oil to be admitted into the lower end of 
the cylinder to retract the Work supporting table 
and causes exhaust oil to flow to Waste from the 

  



4. 
upper end of the cylinder. When the valve cyl 
inder is in a partial port open position the flow 
of oil through the ports is partially restricted re 
sulting in a reduced rate of movement of the 
table. 
The valve is held in mid position by a series of 

short compression SpringS 206. Which bear be 
tween the threaded ring 92 and a disc 208 which 
Overlies the lower end of the valve and is seated 
thereon and also normally on the valve sleeve. 
Similar compression springs 20 are located above 
the valve and bear against a disc 22 screw 
threaded into the upper end of the cylinder and 
a floating disc 24 normally seated on the upper 
end of the Valve and the upper end of the valve 
sleeve. With this arrangement, the valve is nor 
mally held in the mid position illustrated and 
movement of the valve in either direction is re 
sisted by one or the other set of springs. The 
springs are preferably short, so that they offer 
increased resistance to increased displacement of 
the valve. 
The valve is provided with an axially located 

valve stem 246 which extends through the disc 
22 and has an annularly grooved collar 28 at 
its upper end in the grooves of which are located 
pins of an arm 220 which outstands from a hub 
222. The hub is carried at the ends of a pair 
of parallel arms 224, the other ends of which 
are connected integrally through a sleeve 226 
journalled freely by anti-friction bearings on a 
stud 228 fixed in the valve housing 85. The arm 
220, hub 222 and arms 224 constitute a lever for 
operating the valve. Thus vertical movement of 
the lever about the shaft 228 causes correspond 
ing movement of the valve 96. 
The movements of the valve are controlled hy 

draulically and also independently manually. 
The manual control of the setting of the valve 
includes a shaft 230 journalled freely by anti 
friction bearings in the hub 222 and projecting 
loosely through the front cover plate 232 of the 
valve housing. The projecting end of the shaft 
is fixed to the end of a control handle 234 pro 
jecting forwardly under the table and termi 
nating in a knob. 236. Thus by raising and low 
ering the handle the shaft 230 is rotated in op 
posite directions. 
The inner end of the shaft passes through and 

is fixed in the hub 240 of a gear sector 242, the 
teeth of which mesh with the teeth of a vertical 
rack 244 slidable through the housing 86. The 
rack passes through the housing and the lower 
end part thereof is located within a standard 
246, see Fig. 1, fixed to the base 42 of the pedes 
tal. The rack is slidable in the standard 243 or 
it can be clamped immovably with respect 
thereto by means including the clamping lever 
248, For automatic operation of the machine 
the rack is free from the standard and can re 
ciprocate with the table relatively thereto. For 
purely manual operation of the machine the rack 
is clamped to the standard so that the valve 
housing 86 reciprocates relatively thereto. 

Bearing in mind that the feed-rate and gov 
erning valve are not operated when the device 
is arranged for purely manual operation, either 
by the setting of the cycle selecting valve pres 
ently to be described, or by the setting of the 
feed valve in closed position, the manual opera 
tion is essentially as follows: 
With no pressure on the operating handle 234, 

the valve 96 is maintained in closed position 
by the upper and lower sets of Springs and hence 
ducts leading from the top and bottom ends of 
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the cylinder Will be closed and the table thus is 
locked hydraulically in position. If now the 
handle 234 is raised upwardly the gear sector 
242 is caused to pivot on the fixed rack 24 and 
hence the lever system associated with the valve 
is raised, thereby raising the valve and letting 
high pressure oil flow into the upper end of the 
cylinder and allowing oil to escape from the 
lower end of the cylinder. Thus the table is caused 
to move upwardly. If the handle is merely moved 
a certain amount upwards and then stopped, the 
upWard movement of the table causes the pivot 
shaft 228 of the lever system to be moved up 
Wardly and thereby causes the lever to be pivoted 
in a counter-clockwise direction about the handle 
shaft 23, thereby causing the valve to close and 
the table to become stationary in some elevated 
position corresponding to the displaced elevated 
position of the handle. If, however, the handle 
is noved upward in a continuous manner the 
table follows this novernent. If the handle is 
moved upwardly slowly there is only a small 
opening of the valve cylinder ports so that oil is 
admitted to the upper end of the actuating cyl 
inder and allowed to escape from the lower end 
relatively slowly so that the upward table move 
ment in response to the upward handle move 
ment is correspondingly slow. If, however, the 
upward movement of the handle is rapid the 
opening of the ports is greater and the table re 
Sponds at greater speed. The downward move 
ment of the table is accomplished in a similar 
manner. The springs 26, 20 are relatively 
short so that their resistance to compression in 
creases with the amount of compression. Hence 
the force applied to the handle is caused to in 
crease for an increased rate of movement of the 
table and also for an increased resistance be 
tween the drill and the work, which drill resist 
ance requires a greater amount of port opening 
to overcome. Thus the device operates like a 
purely mechanical sensitive drill in that the op 
erator can feel the action of the drill through 
the handle. This manual operation has been de 
scribed in greater detail in my above referred to 
co-pending application Serial No. 237,510, and 
need not be further described here. 
In addition to purely manual operation, pro 

Vision is made for hydraulic operation in an au 
tomatic cycle controlled by the position of the 
table and modified in certain ways. The auto 
natic cycle consists of a fast approach of the 
Work to the drill, a slower feed movement against 
the drill to a predetermined depth, and a fast 
retraction to a neutral or stop position. 
Four modified methods of operation are herein 

provided. 
In Cycle A the automatic cycle as above de 

Scribed is performed except that the table comes 
to rest when the work is close to the drill and at 
the end of the fast approach stroke and does not 
start its feed stroke until a foot pedal is operated. 
The cycle is initiated by depressing and holding 
the pedal down until the table comes to rest with 
the Work close to the drill and the remainder of 
the Cycle is accomplished upon release of the 
pedal. The Subsequent depression of the pedal 
at any part of the stroke gives an emergency 
reversal of the table. 

Cycle B is the automatic cycle without the in 
termediate stop and is started by the depression 
and release of the pedal. Emergency reverse is 
obtained by again depressing the pedal. 

In Cycle C the depression and holding of the 
pedal in depressed position gives a continuous 
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repeating of the automatic cycle. The release of 
the pedal and then the depression and Subse 
quent release of the pedal provides for emergency 
return. 

Cycle D is purely hand feed. 
The control of the table actuating cylinder 

and piston in cycles A, B and C is effected through 
the Valve 96. Thus it is necessary that this 
valve be provided with hydraulically operated 
mechanism to move the valve from a neutral po 
sition into an upper position to Secure upward 
movement of the table and into a lower position 
to Secure doWinWard movement of the taole and 
also at times to hold the valve in neutral position. 
This control of the valve is obtained by a valve 

holding plunger 25 and a valve setting plunger 
252 located above and adapted to bear on the hub 
222 of the valve lever, and a similar valve holding 
plunger 254 and a valve setting plunger 256 dis 
posed under and adapted to bear on the hub 222. 
Said pairs of plungerS are opposed to each other 
and are located in the cylinders of bosses 258 
and 28 formed in the valve housing 85, see Figs. 
9, 10, 13 and 31, the cylinders for the upper pair 
of plungers being open at their outer ends and 
closed by plugs 262, 264, and the lower cylinders 
being open at their lower ends and closed by the 
plugs 265, 268. 
The valve holding plunger 25 is provided with 

an enlarged head 2) which engages the botton 
shoulder of an enlargement of the cylinder and 
limits the doWinWard movement of the plunger 
under influence of oil preSSure in the cylinder 
above the head admitted through the duct 22. 
The lower valve holding plunger 254 is provided 
With a similar enlarged head 274 which limits the 
upWard noVenent of the plunger Linder influence 
of oil pressure admitted under the head through 
the port 27. 
The plunger 250 is provided with a Screw 28 

adjustably projected from its end and adapted 
to engage the hub 222 of the valve lever System. 
The lower plunger 254 is similarly provided with 
an adjustable Screw 23 also adapted to engage 
the hub. 222. 
The valve setting pistons 252, 25 are provided 

With stems 282, 284 projected therefrom and 
adapted to engage the hub 222. The outer ends 
of the pistons are subjected to pressure oil enter 
ing their respective cylinders through ports 286, 
288. The ports 22, 286 for the upper plungers 
250, 252 are connected to a common duct 298, see 
Fig. 31, while the ports 276, 288 for the lower set 
of plungers 2.5i, 256 are connected to a cominion 
duct 292. The OutWard movement of the plung 
ers, particularly the valve positioning plungers 
250, 254, is limited by engagement with their 
associated end caps or plugs 262,266. 
With the described airangement, When both 

ducts 290, 292 are free from oil pressure, the valve 
springs 206, 2:0 hold the control valve in neutral 
position so that, flow of oil into or Out of the 
opposite ends of the actuating cylinder is pre 
vented and hence the table remains stationary. 
The same result occurs when both ducts 299, 292 
are under oil pressure. In this event, the plung 
ers 250, 252 and 254, 256 are forced inwardly in 
opposite directions against the hub 222 and since 
the sets of plungers have the same area, hold the 
valve in neutral position. If, however, the duct 
29) is under oil pressure and the duct 292 is free 
from oil pressure, as being connected to drain 
74, then the plunger 252 moves downwardly and 
presses the hub 252 of the valve lever against the 
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S 
its associated cap, thereby moving the valve and 
holding it in position to effect retraction of the 
table away from the drill. When the duct 290 is 
free from oil pressure and the duct 292 is under 
oil pressure then the piston 256 operates to move 
the hub and the Valve upwardly and hold the hub 
pressed against the plunger 250, thereby setting 
the valve in position to effect the upward or ad 
Wancing movement of the table. 
The aforesaid control of the plungers is effected 

through means including a reversing valve 294, 
See FigS. 16, 17, 19 and 31, the setting of which is 
controlled partly by the position of the table and 
partly by preSSure oil acting on the left hand 
end, Fig. 31, of the valve. Said reversing valve 
effects fast and Slow advance of the table and its 
retraction from Some advanced position to a fully 
retracted position. 
The reversing valve 294 is of the piston type 

comprising four Spaced and connected piston 
sections 296, 298, 300, 302, respectively, movable 
axially in a cylinder bore 34 formed in a valve 
block 306 of an assembly of valve blocks secured 
by ScreWS 308 to the side face of the valve hous 
ing 86, as illustrated in Fig. 3. The reversing 
Valve has a long axial bore extended inwardly 
from the left hand end thereof, Fig. 19, in which 
is located a compression Spring 33 bearing 
against an end cap 32 of the cylinder bore to 
bias the valve for movement toward the right, 
although not for movement independently of the 
controlling can mechanism, now to be described. 
The reversing Valve is provided with a stem 

34, the end of which is seated in an adjustable 
Cup member 36, see Fig. 28, of a thrust rod 3 8 
that is passed loosely through an opening in the 
rear Wall of the table structure and bears in a 
bOSs 320 of an actuating arm 322 fixed on a stud 
324 journalled in a block 326 fixed by suitable 
bolts 328 to the rear side edge part of the table 
structure. Said block confronts a cam carry 
ing block 330 fixed vertically to the column of 
the machine. 
Said can carrying block has fixed vertically 

adjustably thereto by bolts 332 a lower stop block 
334 having an inclined can face 336 leading to 
a receSS 338 in its upper face. The position of 
Said stop block defines the fully retracted posi 
tion of the table. 
The can block 338 also has vertically adjust 

ably Secured thereto by bolts 340 a slow speed 
Or feed can plate 342 which is effective in set 
ting the reversing valve for a slow or feed-rate 
of advance of the table. The can block 33) 
also carries a Second cam plate 344 also verti 
cally adjustably Secured thereto, which can plate 
effects the reversing of the table. 
The lever 322 is provided with a can roll 356 

Which cooperates with the aforesaid cams. The 
lever is biased for pivotal movement in a clock 
Wise direction or away from engagement with 
the cam block 330 and the cams 342, 343 by a 
Compression Spring 348 which at its lower end 
exerts pressure on a boss 35 of the lever and at 
its upper end exerts pressure on a stud. 352 of the 
can block 326. In Fig. 28, the lever 322 is illus 
trated with the roll in engagement with the cam 
face 336 of the lower block 334. In this position 
the reversing valve is in neutral position and the 
table is held stationary. 
To start a cycle of the machine, fluid pressure 

is applied against the left hand end of the re 
Versing Valve, or against the piston 296 thereof, 
to exert a thrust on the valve stem and to move 
the lever 322 in a counterclockwise direction 
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against the spring 348 until the roll is in engage 
ment with the confronting flat face of the can 
block 339. This oil pressure is maintained to 
hold the roll against the can faces until the 
valve is moved to the right by the reversing can 
at the intended end of stroke of the table or un 
til the oil pressure is released under emergency 
control to effect retraction of the table. This 
movement of the reversing valve controls ports 
to effect the upward movement or advance of the 
table in a manner presently to be explained. 
Thus the cam roller 346 is caused to paSS Over 
the flat face of the cam block 330 under the Slow 
feed cam 342. This rate of movement is rela 
tively rapid and effects the rapid advance or 
traverse of the table up to close to the point of 
engagement between the work and the drill. The 
feed cam 342 is so positioned that before the drill 
and the work engage the roll 346 is engaged and 
moved to the left by the can 342, thereby chang 
ing the setting of the reversing valve to a slow 
rate of advance of the table, as will presently 
appear. This slow rate of advance is main 
tained until the roll comes in contact with the 
reversing cam 344 whereupon the roll carrying 
lever 322 is moved to the left and the reversing 
valve is set to effect rapid retraction of the table. 
At this time there is no endwise preSSure. On the 
reversing valve so that the spring 348 is effective 
in maintaining the valve set in the table retrac 
tion position. 

For cycles A, B and C, that is to Say, all cycles 
except the purely hand operated cycle, the start 
of operation of the cycle is effected by the de 
pression of a foot pedal 354 located on the base 
of the machine, see Figs. 1 and 31. The foot 
pedal controls a piston valve 355 located in a 
valve cylinder 358 having a pair of ports 369, 
362 controlled by the pistons 364, 366 of the pis 
ton valve, the pistons being located on opposite 
sides of the ports so that the ports are in Com 
munication when the pedal is not depressed. The 
port 362 is connected to drain by a duct 368. The 
end of the valve cylinder constantly receives 
pressure oil from a duct 37 leading to the ports 
74 of the main control valve, which ports are 

constantly in communication with the preSSure 
oil line T2. Thus the duct 37) is under constant 
oil pressure, which pressure serves to maintain 
the piston valve in the normal unoperated posi 
tion illustrated in Fig. 31. Depression of the 
foot pedal and consequent movement of the 
piston valve to the left causes the drain port 362 
to be closed by the piston 366 and allows pres 
sure oil to flow around the pistOn 364 from the 
duct 370 into the duct 360 and through the con 
necting duct 372 to the cycle selector valve. 
The application of pressure oil into the duct 

372 under control of the foot pedal effects the 
application of preSSure oil into the endmost 
chamber 34 of the reversing valve cylinder 
through the intermediary of the cycle selector 
valve and the SWitching piston Valves, now to be 
deScribed. 
There are five Switching Valves, see Figs. 16, 

17, 18 and 31, indicated by the Roman numerals 
I, II, III, IV and W, the pistons of valves I, II, III 
and W being identical in construction, and Valve 
IV being different. Said Valves are located in 
cylinder bores 376, 38,389, 382, 384, respectively, 
of a valve block 386 bolted against the face of the 
reversing valve block 386 by the aforesaid Screws 

. 308. The valve cylinders at their upper ends are 
closed by the caps 388, 390, 392, 394, 396, respec 
tively. The valves are maintained, when not 
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under endwise oil pressure acting on the tops of 
the valves, in an upper position by compression 
springs 398, 400, 402,404, 406, bearing against the 
lower ends of the valve and against lower end 
caps which have inwardly projecting studs 408 
to limit the operated lower position of the valves. 
The valve I has spaced pistons 40, 42 control 

ling ports 44, 46 so that when the valve is not 
depressed there is communication between the 
ports. The lower piston 412 also controls a third 
port 4 8 and normally closes the port, but when 
the piston is depressed allows communication be 
tween the port f6 and the port 48 at Which time 
the port 44 is closed by the upper piston 40. 
The bottom end part of the valve cylinder is con 
nected freely to drain by a duct 420. 
The valve II has upper and lower spaced pis 

tons 422, 424 normally positioned to admit COIn 
munication between the ports 426, 428. The pis 
ton 424 normally closes a third port 430 which is 
connected freely to drain by a duct 432. The valve 
in its lower or operated position closes the port 
426 and establishes communication between the 
ports. i28 and 430. The bottom of the cylinder 
is connected to drain through a restricted Orifice 
433 so that the valve II moves to operated posi 
tion slower than the valve I which it controls and 
thereby permits the operation of valve I before 
the valve II fully operates. The valve II through 
port 428 controls the admission of pressure oil 
through a duct 436 to the top of the cylinder of 
valve I So that the Valve I is moved down into 
an operated position by the application of oil 
pressure through the duct 436. The operation of 
valve I effects the movement of the reversing 
valve into advance position, as will presently 
appear. 
The upper port 426 of valve II is connected to 

a duct A38 which receives pressure oil through 
the selector valve as will presently appear. Said 
duct is also connected with a duct AAE) which ad 
mits oil under pressure to the top of the cylinder 
of valve II. Thus when oil under pressure flows 
into duct 438 valve II is caused to be operated 
and at the same time through ducts 426 and 428 
admit pressure oil to the top of the cylinder of 
valve I, causing Said valve to Operate. 
The port 46 of valve I is connected by a duct 

42 to the end chamber 34 of the reversing 
Valve. The lowermost port 48 of valve I is con 
nected by a duct 444 with the second port 446 of 
the Valve cylinder of valve W. Said valve V has 
upper and lower pistons 448 and 450 which, in the 
normal unoperated position of the valve, permit 
communication between the port 446 and the up 
per port 452. The upper port is in communica 
tion. With a high preSSure duct 454 connected 
with the aforesaid high pressure duct 370. The 
valve W is not operated during the operation of 
Walve I and hence the Supply of pressure oil for 
displacing the reversing valve into starting po 
sition is taken through valve IV. Walve W is 
caused to be operated or moved downwardly by 
the admission of pressure fuid to the upper end 
of the Valve cylinder through a duct 456 which 
communicates With the port 44 of valve I and 
also With the right hand end port 458 of the 
reversing valve. Said port 458 is controlled by 
the piston 302 of the piston valve and, in the 
neutral position of the valve, illustrated in Fig. 
31, the port 458 is connected to a drain port 460 
of the reversing valve. When the valve piston 
302 is in the fast advance, the drain port is 
Sealed and the port 456 is then in communica 
tion With the adjacent port 462 which is con 
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nected through a duct 464 with the duct 292 that 
receives oil under pressure to set the main control 
valve or retraction. Hence at this time valve W 
is caused to be operated. The lower piston 450 of 
valve W normally seals a lowermost valve port 466 
Which is connected through a duct 468 with 
drain. The bottom end of the valve cylinder is 
also connected to drain through a restricted ori 
fice & So that the action is similar to the orifice 
434 of valve II. 
Waive IV has upper, intermediate and lower 

spaced pistons 672, 44, 476, respectively. The 
valve cylinder has ports 48 and 488 disposed 
between the upper and intermediate valve pis 
tons and norinally in communication. The port 
478 is connected to the high pressure duct 454 
while the port 48 is connected by a duct 482 
with a Section of the selector valve. The valve 
IV also has ports 485 and 486 disposed between 
the intermediate and lower pistons and normally 
in communication. The upper port A84 is con 
nected to drain through the duct 488 and the 
lower port 486 is connected by a duct 488 to a 
section of the selector valve. The bottom end 
of the valve cylinder is connected freely to drain 
by a duct 430. The lowermost piston 4 S con 
trols a port 492 and normally seals the port. 
When, however, the valve is depressed by the 
application of pressure to the top thereof 
through a duct 93 leading to a section of the : 
selector valve, said port 832 is placed in con 
munication with the port 486 and receives pres 
sure oil which is transmitted through the duct 
292 to the lower valve holding and setting plung 
es's 254, 256. 
Walve III has upper and lower pistons 494 and 

498 normally admitting communication between 
the upper and lower ports 493 and 505), but when 
operated by the application of pressure through 
the duct 582 closes off communication between 
these ports and establishes communication be 
tween the pressure duct 502 and the port 493. 
The port, 498 is connected through a duct 594 
with the duct 46 that admits pressure to the 
end of the speed setting piston 88 to disable this 4: 
piston. The port 95 is connected through a 
duct 56 With a port, 68 of the reversing valve. 
The reversing valve, in addition to the ports 

above described, has ports 5 and 5 2 disposed 
in communication between the pistons 296, 293 
of the reversing valve in the neutral position of 
the valve. Port 5 opens to a duct 54 which 
is connected to selector valve sections, as will 
presently be described, and the port 52 con 
municates with the duct 299 that is connected 5: 
to the upper valve holding and valve setting 
plungers 259, 353. The reversing valve also has 
a port 58 which is connected to a duct 5:8 lead 
ing to drain. The port is disposed between the 
pistons 298, 3:23 of the reversing valve in the 
neutral position of the valve and is in communi 
cation with the port 32 and consequently drains 
the duct 299 in the fast advance position of the 
reversing valve and is in communication with the 
port 588 and consequently drains the duct 506 
in the feed position of the reversing valve. The 
reversing valve also has the ports 520 and 522 
disposed between the ports 538 and 462 and lo 
cated between the valve pistons 39, 382 and in 
communication with each other and the port 462, 
in the neutral position of the valve. The ports 
52), 522 are connected with a duct 524 which 
is also connected with the port 5:9 and leads 
to an orifica 526 sometimes functioning as a 
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check valve 528 opening into the end chamber 
34. The valve closes against the spring pres 
Sure When Said chamber is under high pressure. 
The selection of the switching valves is under 

control of a cycle selecting waive located in a 
valve block 530 bolted to the outer face of the 
Switching valve block 386 by the aforesaid bolts 
or ScreWS 308. The cycle selector valve comprises 
a drum. 532 rotatable in the cylinder bore 534 
of the valve block 538. The valve has a reduced 
axially projecting stud shaft 536 that projects 
outwardly of the valve block and has fixed there 
to an actuating knob 538 provided with a pointer 
540 that is rotatable in front of an arcuate series 
of indicia A, B, C, D, the positions of which cor 
respond to the setting of the valve to condition 
the mechanism for operation in accordance with 
the respective cycles A, B, C, D. : 
The valve drum 532 is provided with three 

axially Spaced series of passages located in the 
planes X, Y, Z, Fig. 23, adapted to register with 
corresponding passages in the valve block, the 
paSSages being spaced 8 of a revolution or 45° 
apart Where they occur. The drum is also pro 
vided With a series of notches 562 into which a 
holding ball 544, See Fig. 20, is adapted to be 
pressed by the spring 543 to hold the valve re 
leasably in set position. One or more of the en 
trances of the passages of the first series X also 
function as the equivalent of the notch 542. 

the valve drum 532 nearest the stud 536, or 
in plane X, has two ports 543 and 550 connected 
by axially directed internal passages 552 and 554, 
respectively, with correspondingly positioned 
ports 553, 558 located in the middle or Y series 
of ports, as illustrated in Figs. 24, 25 and 27a. 
There is also a port 53 in the first row of ports, 
located 90 towards the left, Fig. 24, from the 
port 548 and connected by a diagonal internal 
passage 582 and opening into a port 584 in the 
Second row Y of ports. 
The Second port row Y also has a port 566 

diametrically opposite the port 556 and con 
nected thereto by a diametrical internal pas 
Sage 568. The second port row also has three 
peripherally consecutive ports 57, 52 and 54 
connected by a passage 576. The second port 
roW Y also has another port 578 located between 
the ports 558 and 564 and connected by an axial 
ly directed passage 580 with a similarly posi 
tioned port 532 in the third port row Z. 
The third port row Z has four peripherally 

Consecutive ports 584, 585, 538 and 590 connect 
ed together by a common duct 592 and located in 
axial line with the ports 555 and 570 and so 
forth, of the second port row. 
The X Series of ports are drain ports. The 

remaining Series Y and Z handle pressure oil. 
The valve block 530 is provided with three 

axially Spaced sets of ports adapted to register 
With the three series of ports in the rotary se 
lector valve. The block in the plane registering 
With the port row X of the selector Value, as 
illustrated in Fig. 20, has a port 594 located 45 
to the left of the vertical and Communicating 
With a duct 536 that communicates with the 
duct 54. There is also a port 598 disposed 450 
to the right from the vertical that communicates 
With a duct 600 that goes to drain. 
The Valve block 53), in the position register 

ing With the Second port row Y, as illustrated in 
Fig. 21, has a port 652 disposed on the left hori 
Zontal and a second port 604 between said port 
and the vertical. Said two ports are in commu 

drain orifice and controlled by the Spring opened 75 nication with the aforesaid duct 372 that com. 
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municates with the port 33 of the foot pedal 
piston waive. There is also a port 66 disposed 
in the upper vertical that communicates with 
the duct 438 that admits pressure into the top 
of switching valve II for operating it. 45° dis 
placed from the port S 6 is another port 608 that 
communicates With the duct 532 for admitting 
pressure to the top of Switching valve III. There 
is also another port 6) that communicates 
With the aforesaid duct A38. There is a last 
port 6 E 2, 45° displaced beneath the first port 602, 
and said port 6.2 communicates with the duct 
Á93 that admits preSSure fluid to the top of 
SWitching valve IV for operating it. 
The valve block 539, in the position corre 

Sponding to the Z row of rotary valve ports, also 
has a series of ports for registering With Said 
rOW of rotary Valve portS. These portS COn 
prise a port 64 displaced 45° to the left from 
the vertical, and communicating With a duct, 
66 that opens to the duct 3;4 that leads to the 
port 52 of the reversing valve. A port 68, 90 
displaced to the right from the port 64, com 
municates With a duct 482 that opens to the 
second port 480 of switching valve IV. 45 dis 
placed from the port 68, in a clockwise direc 
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tion, is a port 620 communicating with a duct 488 - 
opening to the fourth port 486 of SWitching 
valve IV. 90 displaced from the port 6 ft, in a 
counter-clockwise direction, is a port 622 com 
municating with a duct 624 that opens to the 
high pressure duct A54. 

Before describing in detail the operation of 
the various parts of the control System, the 
general principles of operation of the System will 
be described. 
For the performance of the automatic cycle 

in its various naodifications the direction of 
movement of the table, and the holding sta 
tionary of the table are obtained through the 
main control valve 96. That is to say, the 
valve is shifted into one or the other of its two 
operated positions for fast advance or retrac 
tion or is positioned in its neutral or midposi 
tion to hold the table stationary or for the feed 
ing of the table at the cutting rate of move 
ment. Such movement of the table is controlled 
by the Speed-setting or throttle Valve 88, Which 
valve is held closed except when the reversing 
valve is in feed position. That is to Say, at the 
start of fast advance, the actuating cylinder 
receives operating oil through the main control 
valve. When the cans move the reversing valve 
to slow feed position, the main valve is moved 
to neutral position and the throttle valve is 
placed in operation and Supplies the oil for ad 
vancing the table. When the reversing valve is 
placed in retraction position, the main valve is 
again operated but in the opposite direction to 
supply the oil for retracting the table. 
The desired movements of the main valve are 

obtained by shifting the reversing valve from 
one position to the other by the cams and by 
operation of the foot pedal. 
The reversing valve is constantly biased by its 

spring 333 for movement into retraction posi 
tion. In neutral position, the Valve is held 
against movement into retracted position by the 
lower or neutral cam block 334. The valve is 
moved from neutral to fast advance position 
against the bias of its spring by the application 
of oil pressure against the end of the valve, act 
ing in the end chamber 3:4. This pressure is 
first applied to start the upward movement of 
the table and is maintained during the fast ad 
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2,298,464 
vance and feed movements of the table to hold 
the valve under control of the cams. This 
pressure is removed by movement of the revers 
ing valve When the valve is moved into retrac 
tion position at the end of the feed stroke. 
The initial application of pressure to shift the 

reversing valve is initiated by the depressing of 
the foot pedal. Shifting of the valve from re 
traction to fast advance position takes control of 
the pressure away from the pedal and places it 
under control of the valve itself except that the 
preSSure can be removed by operation of the 
pedal in any part of the fast advance and feed 
strokes to effect retraction of the table as may be 
required upon drill breakage and the like. 
Switching Valve I effects the initial application 

of pressure to the reversing Valve to move it from 
neutral to fast advance position. The operation 
of Valve I is effected through valve II which is a 
control Valve for Valve I. Walves I and II re 
ceive pressure oil simultaneously from the pedal 
and hence start to operate together. Walve I op 
erates quickly while valve II operates slowly. 
Thus valve I operates to admit pressure oil 
against the end of the reversing valve and to 
shift the Valve from neutral before valve II has 
Completed its operating movement. The revers 
ing Valve, upon being shifted continues the oil 
preSSure On the end of the valve and valve II 
When compeltely operated releases the operating 
pressure on valve I so that it returns to unop 
erated position. A primary purpose of valve II is 
to permit the momentary operation of valve I. 
Valve III controls the operation of the throttle 

Valve. Said valve III is primarily under control 
of the reversing valve and is energized through 
the reversing Valve When the latter is in fast 
advance position to disable the throttle valve and 
is de-energized when the reversing valve is in 
feed position. So that the throttle valve can con 
trol the feed rate of the table. 

Valves IV and W are utilized to effect emergency 
retraction of the table when the system is oper 
ating in accordance with one of the several cycles 
of operation, particularly cycle C. 
The operation of the System will now be de 

scribed, and Fig. 31 illustrates the setting of the 
selector valve for the performance of cycle A. 

It will be remembered that in cycle A the foot 
pedal 354 is depressed to start the rapid advance 
of the table up to the region of engagement be 
tween the drill and the work and that the table 
stops when the drill is close to the Work so that 
the operator can assure himself that everything 
is proper to continue the drilling operation. The 
releasing of the pedal from its depressed posi 
tion effects the re-advance of the table, but at the 
Slow or feed-rate. When the table has reached 
the desired limit of upward movement and the 
hole has been drilled to the required depth, the 
table automatically returns and stops in its low 
ermost or retracted position. Depression of the 
pedal at any part of the advancing movement of 
the table effects the retraction of the table to its 
fully retracted position and the stopping of the 
table in the retracted position. 

In the fully retracted position, the reversing 
Valve 294 is in neutral position, as illustrated in 
Fig. 31. The depression of the foot pedal 394 
admits fluid from the high pressure duct 370 into 
the duct 32 where the pressure passes through 
certain of the Y series of ports in the selector 
Valve and into ducts 438 and 532, causing the in 
stant operation of Switching valve III, the de 
layed operation of Switching valve II, by reason 
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of the restricted exhaust port 434 of said valve, 
and the instant operation of Switching valve I. 
The Operation of valve III admits pressure oil 

from the duct 532 to the duct 534 for disabling the 
speed setting or throttle valve 88 by holding the 
valve closed so that no oil can get to the actuat 
ing cylinder through the duct 32 from this Valve 
so that the oil for operating the cylinder must 
flow through the main valve 96. This condition 
is maintained so long as the pedal 354 is de 
pressed. 
The operation of Switching valve I places the 

ports 46 and 43 thereof in communication SO 
that pressure oil from the duct 454 can flow 
through valve W, which is unoperated, and duct 
444 into duct 442 and thence into the end cham 
ber 374 of the reversing valve. The building up of 
pressure on the end of the reversing Valve moves 
the valve to the right and hence moves the can 
roll 346 against the fast advance face of the can 
block 33, as illustrated in Fig. 31a, thereby con 
ditioning the System for fast advance or upward 
movement of the table. 
For fast advance of the table, the main control 

valve 96 must be in its upper position. With the 
high pressure port 74 in communication. With 
the port 72 leading to the top of the actuating 
cylinder and with the port 6 communicating 
with the lower end of the cylinder Opening to 
drain. Thus the lower valve setting plungers 25 
and 256 must be under pressure and the upper 
plungers 250 and 252 free from pressure and 
hence the duct 292 must be under preSSure and 
the duct, 29 must be free from preSSlure. 
In the neutral position of the reversing Valve, 

however, both ducts 299, 292 are under pres 
sure to hold the control valve 96 in neutral po 
sition. The duct 29 communicates with the port 
22 of the reversing valve which, in turn, Com 
municates with the port 5 that receives pres 
sure oil from the duct 54. The duct 292 Com 
municates through duct 464 with the port 462 
of the reversing valve. This port is in commu 
nication with a port 522 that communicates 
through the duct 524 with the duct 54. Hence 
both ducts 299, 292 are under pressure. The duct 
5 4 receives its pressure through the communi 
cating ducts 66 and 482 of the Z row of ports 
in the selector valve. The duct 482 receives preS 
sure through the communicating ports 8 and 
480 of valve IV, and the pressure duct 454. 
When the foot pedal is depressed and the 

position of the reversing valve changes to fast 
advance, the reversing valve shifts in position 
to connect the duct 298 with the drain port 56. 
The duct 462, controlling the pressure to the 
lower plungers 254, 256, still remains in com 
munication with high pressure through the port 
522 of the reversing valve, the duct 524, the port 
5, the oil flowing around the piston section 
292 that, at this time confronts the port and COIn 
municating with the aforesaid high pressure duct 
54. Hence the pressure on the plungers 25, 
256 forces the main valve 95 upWard to effect 
fast advance of the table. 
The SWitching valves I, II and III are held 

down since the foot pedal remains depressed and 
the table advances at its fast rate of Speed until 
the roller 346 engages and rides upon the feed 
ran 342 and hence is displaced to the leff, arid 
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consequently displaces the reversing Valve to the 
left into some position as illustrated in Fib. 31b. 
In this position, the table movement is intended 
to be arrested and advance of the table is not 
intended to be resumed until the foot pedal 35 

9 
is raised. Thus the shifting of the reversing 
valve into feed position effects the return of the 
main control valve 96 to its neutral position 
by applying pressure to the upper Valve Setting 
plungers 250, 252. 

In the feed position of the reversing Valve the 
intermediate piston section 292 interrupts com 
munication between the port 512 and the drain 
port 56 and places the port 52 in communica 
tion. With the pressure port 5). Thus pressure 
oil flows into the duct 290 and against the plung 
ers 259, 252 and balances the action of the lower 
plungers 254 and 256 so that the valve Springs 
associated with the main valve 98 are effective 
in noving the Valve into the mid or neutral pO 
sition. Thus the table is stopped for movement 
at the beginning of the feed stroke. 
The starting of the feed stroke is accomplished 

by removing foot pressure on the pedal and al 
loWing the oil pressure on the end of the pedal 
operated piston 354 to restore the piston to the 
neutral position illustrated in Fig. 21. 
Upon release and consequent restoration of 

the piston, the control valve 9 is maintained 
in the neutral position in the manner just de 
Scribed and feed control of the table noVenent 
is obtained through the Speed regulating or throt 
tle valve 88. This is effected in the following 
manner. When the pedal is released and the 
pedal piston valve 364 returns to neutral, cons. 
munication between the high pressure duct 370 
and the duct 372 is interrupted and the duct 
372 is connected to drain duct 368. Thus pres 
sure is removed from the Switching valves III, 
II and I. 

It might be stated that SWitching Walve I Was 
only momentarily depressed by the initial de 
pression of the foot pedal and that Valve I, after 
the initial operation, returned to its unoperated 
position. That is to say, the depression of foot 
pedal put operating pressure on the ends of both 
Valves I and II. Walve I went down instantly, 
however, while valve II went down at a slower 
rate due to the restricted throttle opening 434. 
This slower rate of operation was sufficient to 
effect the operation of Valve I and the shifting 
of the reversing Valve from neutral to fast ad 
Vance position. When, however, valve II was in 
fully operated position it connected the top of 
valve I With drain through the ports 428 and 
430 and hence valve I returned to normal un 
Operated position by means of its Spring. 
The shifting of the operating valve from neu 

tral to fast advance position, however, places the 
reversing Valve port 458 in communication with 
the port 522, which port receives pressure oil 
through the duct 54 and through the section Z. 
of the selector valve and unoperated switching 
Valve IV from the high pressure duct 39. Thus 
the duct 456 connected with the port A58 is un 
der pressure and oil flows through the connected 
ports 44 and 46 of valve I in its operated po 
Sition and thence to the end chamber 34 of 
the reversing Valve maintaining the valve against 
the cam faces. Pressure in the duct 456 also 
Operates on the end of the Switching valve W 
and Operates it, cutting off communication be 
tween the ports 452, 446, but for cycle A per 
forming no other essential function. Thus the 
SWitching valve I is merely operated momen 
tarily to initiate the setting of the reversing valve 
and the reversing Valve maintains itself under 
oil pressure to maintain its can roller in en 
gagement with the cams. 
The retraction of the foot pedal 354, as above 
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described, effects the return of SWitching valve 
III to an unoperated position and hence takes 
pressure off the throttle valve 88 so that the duct 
46 communicating with the throttle valve drains 
through the ports 498 and 500, which are now in 
communication, and through the duct 506 and 
the communicating ports 598, 56 to drain. The 
throttle valve 88 can thus open under influence 
of its spring O2 to the extent determined by the 
setting of the valve setting arm f f and allows 
oil to flow through the high pressure duct 72 and 
the throttle valve ducts 22, f24 and through the 
governing valve 99 into the top of the cylinder 
through the duct 32. The table thus advances 
at a feeding rate of speed as determined by the 
setting of the throttle valve and at a constant 
rate regardless of variable thrust between the 
drill and the Work under control of the govern 
ing valve 90. 
At the end of the slow or feed traverse of the 

table, the cam roller 346 engages the reversing 
cam 344 and moves the reversing valve to the ex 
treme left hand or retraction position illustrated 
in Fig. 31c. 
To effect retraction, the throttle valve 88 is 

again disabled or closed so that control of the 
operating fluid to and from the actuating cylin 
der is under control of the main Valve 96 and 
said main valve is moved into a depressed posi 
tion to allow pressure fluid to flow through the 
port f 6 thereof and the duct 36 into the bottom 
end of the cylinder and exhaust oil to flow from 
the top end of the cylinder through the duct 32 
and the valve port T6 to the drain 4. 
To effect depression of the valve 96, the lower 

valve setting plungers 254, 256 are freed from oil 
pressure so that they can be depressed and the 
upper valve setting plungers 250, 252 are put 
under oil pressure so that they are moved down 
ward to depress the valve 96. Thus the duct 
292 is free from pressure and the duct 290 is 
placed under pressure. At this time also there is 
no need for maintaining oil pressure in the end 
chamber 374 and against the end of the revers 
ing valve and this chamber is freed from pres 
sure by the positioning of the piston section 302 
between the port 458 and the pressure port 522 
and hence connecting the port 458 and the cham 
ber 374 to drain through the port 460 and the 
switching valve I. The lower valve setting 
plungers 254, 256 are freed from pressure and 
connected with drain by the said piston section 
302 which establishes communication between 
the port 362 in communication with the duct 292 
and the drain port 460. The upper plungers 250, 
252 are placed under oil pressure through the 
duct 299 which communicates with the port 52 
of the reversing Valve and said port is in com 
munication. With the pressure port 50 in the re 
traction position of the reversing valve, as illus 
trated in Fig. 31c. 
When the table arrives in fully retracted posi 

tion, the roller 346 engages the cam face 336 of 
the lower can block 334 and is caused to set the 
valve into the neutral position illustrated in Fig. 
31, thereby stopping the mechanism in fully re 
tracted position and returning the control valve 
96 in neutral position by placing both the upper 
and lower valve setting plungers 250, 252 and 254, 
256 under pressure. 
Emergency retraction of the table from any 

advanced position thereof either in a fast ad 
Vance position or a feed position is accomplished 
by a depression of the foot pedal. 384 and through 
the foot pedal the movement of the reversing 
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valve into a retraction position, as illustrated in 
Fig. 31c. It will be remembered that in both 
fast advance and feed positions of the reversing 
valve, the reversing valve is under endwise pres 
sure from the pressure of oil in the end chamber 
374 and is held by this pressure against the 
counter-pressure of the spring 348. Thus the 
emergency depression of the foot pedal is utilized 
to relieve the chamber 34 from oil preSSure SO 
that the spring 348 can operate to move the re 
versing valve into retraction position, as illus 
trated in Fig. 31C. 
The depression of the foot pedal operates the 

Switching valves III, II and I as before. The 
valve III disables the feed control or throttle 
valve 88 if this valve is in use as it will be in the 
feed position of the reversing valve. The valve II 
permits the operation of the valve I. The valve I, 
through its ports 4 4, 46, which in fast, advance 
and feed positions of the emergency valve are 
under oil pressure from the duct 456, controls the 
application of oil pressure to the duct 442 and 
hence to the end chamber 34. The closing of 
the valve cuts off communication between these 
ports and places the port 46 communicating with 
the chamber 34 in communication with the lower 
port 48. This port is in communication with 
the port 446 of valve W. Valve W is in a de 
pressed or operated position since the duct 456 
is under oil pressure and hence port 446 is in 
communication with port 45 Which is connected 
to the drain duct 468. Thus the operation of the 
valve I connects the end chamber 34 of the re 
versing valve With the drain. Hence the holding 
pressure is removed from the emergency valve 
and the Spring 348 is permitted to operate to 
move the valve into the retraction position and 
effect the return of the table to fully retracted 
and stop position. 

Cycle B is essentially the same as cycle A, 
except that when the table is started to advance 
it does not come to rest with the drill and the 
Work about in engagement, but continues its 
movement although at the slower or feed-rate to 
bring the Work into engagement until the required 
depth of the hole is drilled, whereupon the table 
is retracted rapidly to its fully retracted position. 
The cycle is initiated by the depression of the 

foot pedal as before. Thus in response to the 
depression of the foot pedal the table advances at 
a rapid rate up to the drill and then at a slower 
rate with the drill and work in engagement and 
then is retracted rapidly to separate the drill and 
the Work and stops in a retracted position. A 
subsequent depression of the foot pedal causes the 
return or retraction of the carriage from any 
advanced position thereof either in a fast advance 
position or a feed position. 

Selection of cycle B is accomplished by rotating 
the Selector valve 532 in a counter-clockwise 
direction 45° from the positions illustrated in 
Fig. 31 to the position illustrated in Fig. 32. In 
this position, the high pressure duct 514 leading to 
the high pressure port 58 of the reversing valve 
receives high pressure oil through the duct 64 
and the valve ports in the Z line of passages 
directly from the high pressure duct; 30 instead 
of the pressure passing through valve IV as in 
cycle A. The pedal operated valve, however, still 
maintains control of valve II through the ports 
602 and 606 of the Y section of the selector valve 
block, which ports are respectively connected to 
the duct 372 leading to the pedal valve and the 
duct 438 leading to valve II. Waive III is thus cut 
Out of Operation as is also valve IV. Hence the 
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Only valves functioning are valves I, II and W. 
The cycle is started by the depression of the foot 
pedal as before. This causes valve II to be oper 
ated and also valve I. The operation of valve I 
places the chamber 34 under oil pressure and 
moves the reversing valve from a neutral position 
to a fast advance position as in Fig. 31a. It will 
be remembered that, in cycle A, table movement 
was arrested at the end of the fast approach 
stroke and then resumed for the feed stroke upon 
release of the pedal. This was done by holding 
valve III depressed so that when the reversing 
valve moved to feed position and thereby moved 
the control valve 96 into neutral position, the 
throttle valve 88 was also closed by pressure of oil 
on the end of it received through the valve III 
and that when the foot pedal was released and 
the valve III returned to neutral position the 
holding pressure on the throttle valve was released 
So that oil could flow into the cylinder through 
the throttle valve to cause the cylinder and table 
to resume its advance at the feed-rate. 
In cycle B, however, valve III is out of use and 

is maintained in an elevated position. Hence 
during the fast advance stroke the throttle valve 
88 is held closed by endwise pressure of oil there 
on flowing through the duct 46 and through the 
communicating ports 498 and 50 of the valve III 
and through the duct 506 and the communicating 
ports 508 and 520 of the reversing valve from the 
pressure duct 524. When the reversing valve 
moves from fast advance to feed position, the 
ports 598 and 520 are isolated from each other by 
the piston section 3 and the port 598 is placed 
in communication with the drain port 56, there 
by relieving the throttle valve from holding pres 
sure and allowing the throttle valve under action 
of its spring to assume a position determined by 
the setting of the speed arm 3. The rest of the 
cycle is accomplished, as has been above described 
in connection with cycle A, 
Emergency return of the table from any ad 

vanced position thereof is accomplished by a Sec 
ond depression of the foot pedal. This causes the 
second operation of valves II and I. The opera 
tion of valve I drains pressure oil from the end 
chamber 34 of the reversing valve and allows the 
spring 348 to move the valve into retraction posi 
tion, as has been explained in connection with 
cycle A. 

Cycle C is a continuous repetition of the auto 
matic cycle effected by depressing and holding 
down the pedal. Emergency return from any 
advanced position of the table is effected by the 
release, depression and release of the pedal. 
The system is conditioned for cycle C operation 

by the rotation of the cycle selector valve a second 
45° from the cycle B position or 90° from the cycle 
A position illustrated in Fig. 31 or into the posi 
tion illustrated in Fig. 33. In this position, the 
high pressure duct 54 leading to the high pres 
sure port 540 of the reversing valve receives pres 
sure oil as before through the ducts 66 and 64 
and the passages of the Z line of ports in the 
rotary selector valve. That is to Say, the duct 
66 is in communication with the port 599 of the 
selector valve while the duct 64 is in communica 
tion with the duct 586 of the selector valve. The 
duct 482, associated with the Z line of ports, is 
isolated. The duct; 488 is connected through the 
port 582 and the internal passage 530 in the rotary 
valve with the port 578 in the Y line of ports, and 
through this port with the duct 438 associated 
with waive II. The pressure duct 372 from the 
pedal valve is connected through the passage 576 
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11 
of the rotary wave with the duct 494 which con 
ducts pressure fluid into the top of the SWitch 
valve IV for operating it. With this setting of 
the cycle selector valve, valve III is out of opera 
tion as it was in cycle B. 

In starting the cycle, the pedal is depressed as 
before and is held depressed. This admits pres 
sure oil through the duct 32 into the duct 494 
to effect the depression of valve IV. Walve IW has 
a port 92 which is in communication with the 
ducts 292 and 464 and with the reversing valve 
port 462, that in the neutral position of the re 
versing valve, is under oil pressure. Walve IW 
also has a port 485 that is in communication 
through duct 488 and the internal passage 589 of 
the reversing valve with the pressure duct 438 
associated with valve II. Thus depression of 
valve IV under pedal pressure establishes pres 
Sure communication between the reversing valve 
and valve II and effects the depression of valve 
II, Walve I receives pressure oil from valve II 
and hence is also depressed and at a more rapid 
rate as has been explained above. Walve I has 
a port 48 connected with the port 446 of valve 
W which is under oil pressure from a duct 694, 
as has been explained above. Thus depression 
of valve I places ports 46 and A8 in communi 
cation and allows high pressure oil from the duct 
454 to fioW into the end chamber 3A of the re 
versing Valve, moving this Valve from neutral 
into fast advance position where the rest of the 
cycle is carried out as has been explained in 
connection. With cycles A and B. 
Automatic repetition of the cycle is accom 

plished by maintaining the pedal depressed be 
cause When the reversing Valve is placed in neu 
tral position at the end of the cycle conditions 
are restored to effect the repeated operation of 
Valve I, as has been explained for the start of 
the cycle, and thus the cycle is repeated in 
definitely as long as the pedal is held depressed. 
Emergency retraction of the table from any 

advanced position thereof is obtained by the re 
lease, depression and release of the pedal. The 
consequence of this operation of the pedal is 
to relieve the end chamber 34 of the reversing 
valve from pressure. The release of the pedal in 
Some advanced position of the table restores 
valve IW to an unoperated position. In this po 
Sition valves I and II are free from oil pressure 
Since the port 486 is now isolated from the pres 
sure port 492 that receives pressure oil from the 
port 462 of the reversing valve in fast advance 
and feed positions of the Valve. As a conse 
quence, valve II returns to its unoperated posi 
tion. The end chamber 34, however, is still 
under oil pressure, the pressure being transmitted 
through the communicating ports & 4 and 46 
of valve I from the duct 456 and the port 458 
of the reversing valve. This is true in the fast 
advance position but in the feed position of the 
valve this port is connected to drain. So that 
endwise pressure on the reversing valve is re 
lieved and the reversing valve is returned to re 
traction position by its spring. Thus, When the 
table happens to be in Some feed position, the 
release of the pedal accomplishes retraction. If 
the table is in a fast approach pCsition, however, 
the pedal valve has to be again depressed. De 
pression of the pedal Valve again filerates V8 ve 
IV which admits pressure oil to valves angi Ji 
as before and causes their operation. The oper 
ation of valve I connects the end chamber 323 
through port 46 of valve I with port 48 of this 
valve. Port 48, however, is connected by duct 
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444 with port 449 of valve W. This valve is in an 
operated position since it is under end Wise pres 
sure through the duct 456 from the port 458 of 
the reversing valve, which port in the fast ad 
vance position of the valve is in communication 
with the pressure port 522. Thus port 446 of 
valve W is in communication with port 466 of the 
valve, which port is connected to the drain duct 
468. Hence the depression of Valve I in response 
to the depression of valve IV relieves the end 
chamber 3:4 of the reversing valve from preS 
sure and, consequently, the reversing valve moves 
to retracted position to effect the retraction of 
the table. 
In cycle D, the system is set for entire manual 

control by the operating handle 234 and the 
foot pedal is not used. The reversing valve re 
mains in retraction position except as it may be 
moved into neutral position by its control can 
534 when the table is moved manually to the far 
end of its stroke but the reversing valve does not 
either in neutral or in retraction position effect 
any control over any parts of the System. . 
In setting the cycle selector valve to position 

for cycle D, the valve is rotated 45 in a counter 
clockwise position, or 135° from the cycle A po 
sition and into the position illustrated in Fig. 34. 
In this position the only control that is effected 
is the control of switching valve III which is held 
down and caused to apply pressure onto the end 
of the throttle valve 88 to hold the valve closed. 
Valve III and throttle valve 88 are held in Such 
positions constantly during the time that the 
cycle selector valve is in cycle D position. 
In the setting of the selector valve for cycle 

D position, pressure oil passes from the pressure 
duct 30 and the duct 454 through the communi 
cating ports 478, 480 of unoperated valve IV 
through the duct 482 to section Z of the selector 
valve and through the internal passage 58 of Said 
valve, which passage now registers with the duct 
482, and to section Y of the valve where the duct 
now registers with the duct 592 leading to the top 
of selector valve III. PreSSure is Constantly ap 
plied to the valve and the Valve is held down in 
an operated position by the pressure and connects 
the pressure duct 562 with the duct 54 which 
communicates the pressure with the top of the 
throttle valve 88, thereby holding the throttle 
valve down and preventing pressure oil from 
passing from the duct 72 into the actuating cyl 
inder. Thus the actuating cylinder is prevented 
from receiving oil except as introduced by the 
manual operation of the main control valve 96; 
and said main control valve is freed from all 
controlling pressure so that it can move in re 
sponse to movements of the operating handle. 
In cycle D, for hand operation, the rack 244 

of Figs. 1 and 9, is clamped against movement in 
the standard 2A6. For the automatic cycles A, B 
and C, however, the rack is unclamped from the 
standard and so is free to move With the table. 

I claim: 
1. In a drilling machine, a drill, a work Sup 

port, means including a hydraulic motor for 
effecting movement of one of the aforesaid ele 
ments relatively to the other element, a source of 
actuating fluid, valve mechanism operative into 
different settings for differently controlling the 
flow of fluid between said motor and source and 
the operation of said motor, cam mechanism con 
trolling said valve mechanism and operative to 
effect predetermined changes in the setting there 
of at predetermined positions of Said movable 
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2,293,464. 
having different selector settings associated with 
said valve mechanism and operative in different 
settings thereof to effect different manners of 
operation of said motor for the same Setting and 
under control of said valve mechanism. 

2. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for 
effecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, valve mechanism controlling 
the flow of fluid between said motor and Said 
source, cam mechanism controlling Said valve 
mechanism and operative to shift Said valve 
mechanism into positions to Secure a predeter 
mined length of rapid advance of said moveable 
element from a predetermined starting position 
followed by a predetermined length of slower ad 
vance and a rapid retraction to the starting po 
sition, and manually controlled valve mechanism 
for modifying the action of said motor under con 
trol of said cam controlled valve mechanism and 
operative to secure the arrest of said movable 
element at the end of said predetermined length 
of rapid advance, and manually controlled valve 
means operative to effect the re-starting of ad 
vance of the movable element at slow speed. 

3. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for 
effecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source of 
actuating fluid, valve mechanism controlling the 
flow of fluid between said motor and said source, 
cam mechanism controlling said valve mechanism 
and operative to shift said valve mechanism into 
positions to secure a predetermined length of 
rapid advance of said movable element from a 
predetermined starting position followed by a 
predetermined length of slower advance and a 
rapid retraction to the starting position, manu 
ally controlled valve mechanism for modifying 
the action of said motor under control of said 
can controlled valve mechanism and Operative 
to Secure the arrest of Said movable element at 
the end of said predetermined length of rapid ad 
vance, and manually controlled valve means oper 
ative to effect the automatic re-advance of said 
movable element from its Start position. 

4. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for 
effecting movement of One of the aforesaid ele 
ments relatively to the other element, a Source of 
actuating fluid, valve mechanism controlling the 
flow of fluid between said motor and source, cam 
mechanism controlling Said Valve mechanism and 
Operative to effect a change in the operation of 
said notor at predetermined positions of Said 
movable element, and manually controlled valve 
means associated with said valve mechanism and 
operative to modify the manner of operation of 
said motor under control of said valve mecha 
nism, said manually controlled valve means hav 
ing means operative to secure retraction of said 
movable element from any advanced position 
thereof and to effect the arrest of said element in 
its fully retracted position. 

5. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for 
effecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, valve mechanism controlling 
the flow of fluid between said notor and said 
source, cam mechanism controlling said valve 
mechanism and operative to shift said valve 
mechanism into positions to Secure a predeter 

element, and manually controlled Valve means 75 mined length of rapid advance of Said movable 
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element from a predetermined starting position 
followed by a predetermined length of slower 
advance and a rapid retraction to the starting 
position, manually controlled valve mechanism. 
for modifying the action of said motor under con 
trol of said can controlled valve mechanism and 
Operative to secure the arrest of Said movable 
element at the end of Said predetermined length 
of rapid advance, and manually controlled valve 
means operative to effect the restarting of ad 
vance of the movable element at slow speed, said 
manually controlled valve means having means 
operative to secure retraction of said movable 
element from any advanced position thereof and 
to effect the arrest of Said element in its fully 
retracted position. 

6. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for 
effecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, valve mechanism controlling 
the flow of fluid between said notor and Said 
Source, can mechanism controlling said valve 
mechanism and Operative to shift said valve 
mechanism into positions to secure a predeter 
mined length of rapid advance of Said movable 
element from a predetermined starting position 
followed by a predetermined length of slower ad 
vance and a rapid retraction to the starting po 
sition, manually controlled Wave mechanism for 
modifying the action of said motor under control 
of Said can controlled valve mechanism and op 
erative to Secure the arrest of Said movable ele 
ment at the end of said predetermined length 
of rapid advance, and manually controlled Valve 
means operative to effect the automatic re 
advance of said movable element from its start 
position, said manually controlled Valve means 
having means operative to secure retraction of 
said movable element from any advanced posi 
tion thereof and to effect the arrest of Said ele 
ment in its fully retracted position. 

7. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, valve mechanism for control 
ling the flow of fluid between said motor and 
Source, can mechanism controlling said Walve 
mechanism and operative to effect a normal op 
erating cycle for said movable element compris 
ing a predetermined length of fast advance from 
a predetermined stop position followed by a con 
tinued advance but at a slow rate for a prede 
termined length and a rapid retraction to the 
stop position, and manually controlled selector 
valve mechanism operative to modify said cycle 
and arranged in one position to Secure the stop 
ping of the movable element at the end of the 
predetermined length of fast advance and oper 
ative in another position to permit the perform 
ance of the aforesaid cycle and Operative in a 
third position to effect automatically successive 
repetitions of the cycle, and manually controlled 
valve means operative to re-start the advance of 
the movable element from a stationary position 
at the end of the fast advance range. 

8. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, valve mechanism for control 
ling the flow of fluid between said motor and 
source, can mechanism controlling said valve 
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erating cycle for Said movable element Compris 
ing a predetermined length of fast advance from 
a predetermined stop position followed by a con 
tinued advance but at a slow rate for a pre 
determined length and a rapid retraction to the 
stop position, manually controlled selector valve 
mechanism operative to modify said cycle and 
arranged in one position to Secure the Stopping 
of the movable element at the end of the pre 
determined length of fast advance and operative 
in another position to permit the performance of 
the aforesaid cycle and operative in a third posi 
tion to effect automatically successive repetitions 
of the cycle, and manually controlled valve means 
Operative to re-start the advance of the movable 
element from a stationary position at the end of 
the fast advance range, said manually controlled 
valve means also having means to Secure retrac 
tion of said movable element from any advanced 
position. 

9. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, Valve mechanism for con 
trolling the flow of fiuid between said notor 
and Source, can mechanism controlling Said 
valve mechanism and having movement relative 
ly thereto to position said valve mechanism to 
admit fluid to said motor in an amount and in 
a direction to Secure rapid advance of said move 
able element for a predetermined distance and 
then to shift the position of Said Valve mecha 
nism to reduce the rate of advance over a prede 
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termined distance and then further to shift the 
position of Said Valve mechanisin to effect retra C 
tion of said movable element to its starting posi 
tion, and manually controlled Valve means oper 

. . ative for any setting of said valve mechanism to 
40 admit fluid to said motor independently of the 

position of said valve mechanism. With respect to 
said cam mechanism and in a direction to effect 
rapid retraction of said movable element from 
any advanced position thereof. 

10. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of One of the aforesaid ele 
ments relatively to the other element, a Source of 
actuating fluid, Valve mechanism for controlling 
the flow of fluid between said motor and source, 
cam mechanism controlling said valve mecha 
nism to effect the advance of Said movable ele 
ment from a Stop position at different rates of 
Speed and its retraction to Said stop position 
from a predetermined advanced position, a man 
ually depressible Wave member and Valve means 
responsive to the release, depression and release 
of said depressible valve member for effecting 
retraction of Said movable element from any ad 
Wanced position thereof. 

11. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source of 
actuating fluid, valve mechanism for controlling 
the flow of fluid between said motor and source, 
can mechanism controlling said valve mecha 
nism to effect the advance of said movable ele 
ment from a stop position at different rates of 
Speed and its retraction to said stop position from 
a predetermined advanced position, a manually 
depressible valve member, and valve means re 
Sponsive to the depression and release of said de 

mechanism and operative to effect a normal op-75 pressible valve member for effecting retraction of 
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Said movable element from any advanced position 
thereof. 

12. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source of 
actuating fluid, valve mechanism for controlling 
the fiOW of fluid between Said notor and Source, 
cam mechanism responsive to the position of Said 
movable element and operative to control said 
Valve mechanism to effect a predetermined length 
of fast advance of said movable element from a 
retracted position, a further predetermined 
length of advance of said movable element but at 
a slower Speed and a fast retraction of Said mOW 
able element to said stop position, a manually 
depressible Valve member, and Valve means re 
sponsive to said depressible valve member re 
sponsive to the continued depression of Said de 
pressible valve member to effect the advance of 
said movable element from the stop position, and 
the stopping of said element at the end of itS 
predetermined length of fast advance and re 
sponsive to the release of said depressible Wave 
member to effect the re-starting of advance of 
said movable element at a slower rate of Speed. 

13. In a drilling machine, a drill, a Work Slip 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a SOUrce Of 
actuating fluid, valve mechanism for controlling 
the flow of fluid between said notor and Source, 
cam mechanism responsive to the position of said 
movable element and operative to control said 
valve mechanism to effect a predetermined length 
of fast advance of Said movable element from a 
retracted position, a further predetermined length 
of advance of said movable element but at a 
slower speed and a fast retraction of said mov 
able element to said Stop position, a manually 
depressible valve member, and valve means re 
sponsive to said depressible Valve member re 
sponsive to the continued depression of Said de 
pressible valve member to effect the repeated 
advance of said movable element from Said Stop 
position. 

i4. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of One of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, valve mechanism for control 
ling the flow of fiuid between said motor and 
Source, cam mechanism responsive to the posi 
tion of said movable element controlling Said 
valve mechanism to effect an operating cycle 
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of said movable element comprising a predeter 
mined length of fast advance of Said element, a 
further predetermined length of slow advance, 
and a retraction of Said movable element to a 
stop position, a plurality of Switching Valves ar 
ranged when operated to modify the control of 
said movable element by Said valve mechanism, 
a manually depressible valve member arranged 
for control of said SWitching valves, and a man 
ually operable selector valve arranged in One po 
sition to establish control of Said manually de 
pressible valve over one switching valve and in 
another position over another switching valve, 
one SWitching valve when operated by the con 
tinued depression of said depressible valve effect 
ing the advance of Said movable element from 
the stop position to a second stop position at the 
end of its fast advance tra Verse and operative 
upon the release of said depressible valve to ef 
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at Slow Speed, the other of said switching valves 
being operative when said depressible valve mem 
ber is held depressed to effect the automatic re 
peated advance of said movable element from 
itS stop position. 

15. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, valve mechanism controlling 
the flow of fluid between said motor and source 
including a movable valve member shiftable into 
different positions for securing fast advance, 
Slow advance, and retraction of said movable 
element and for holding said element stationary 
in a fully retracted position, cam means movable 
relatively to said valve member for shifting said 
Valve member from one to another of said posi 
tions, Spring means constantly acting on said 
Valve member in a direction to move it away from 
engagement. With Said cam means, and hydraulic 
means including a manually operable valve mem 
ber for applying pressure to said movable valve 
member in a direction to force it against the 
action of Said Spring into.the engagement of said 
Call leaS. 

16. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, valve mechanism controlling 
the flow of fluid between Said notor and Source 
including a movable Valve member shiftable into 
different positions for Securing fast advance, slow 
advance, and retraction of said movable element 
and for holding Said element Stationary in a 
fully retracted position, Cam means movable rel 
atively to Said valve member for shifting Said 
valve member from one to another of said po 
Sitions, Spring means constantly acting on said 
Valve member in a direction to move it away 
from engagement with said can means, and 
hydraulic means including a manually operable 
Valve member for applying preSSure to said mov 
able valve member in a direction to force it 
against the action of Said Spring into the en 
gagement of Said Cam means, Said manually op 
erable valve member having means to initiate the 
application of hydraulic pressure to said movable 
Valve member and said movable valve member 
having means operable upon its shifting in po 
Sition to maintain the hydraulic pressure there 
upon until Said movable valve member is further 
shifted. 

17. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of One of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, Valve mechanism for control 
ling the flow of fluid between said motor and 
said Source and including a movable valve mem 
ber shiftable into one position on one side of a 
neutral position to effect rapid advance of Said 
movable element and shiftable into another po 
sition on the same side of said neutral position 
to effect Slow advance of Said inovable element 
and shiftable into a position on the other side 
of said neutral position to secure retraction of 
Said movable element, Spring means constantly 
acting on said novable valve member urging it 
toward a retraction position, cam means asso 
ciated with Said movable valve member for mov 
ing it into its several positions, hydraulic means 
operative on said movable valve member against 

fect the further advance of said movable element 75 the action of said spring to hold it in engage 
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ment with said cam means, means including a 
manually controlled valve member for effecting 
the operation of said hydraulic means to move 
said movable valve member from a neutral posi 
tion into an advanced position in engagement 
with said cam means and also having means Op 
erative at any advanced position of Said mov 
able element to relieve the pressure of Said hy 
draulic means and to permit Said Spring to move 
said movable valve member into retracted posi 
tion, and means under control of Said movable 
valve member following its initial movement by 
said hydraulic means from neutral to an advance 
position to maintain the pressure of said hy 
draulic means subject to the release of pressure 
in response to a second operation of Said manu 
ally controlled valve member. 

18. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, valve mechanism for control 
ling the flow of fluid between said motor and Said 
source and including a shifting Valve member, 
cam means for shifting said Valve member, hy 
draulic means for shifting said valve member to 
hold it in engagement with said cam means, and 
means including a manually controlled Valve 
member operative to effect the release of pressure 
of said hydraulic means on said shiftable valve 
member and the shifting of said Valve member 
to effect retraction of said movable element from 
any advanced position thereof. 

19. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a valve for controlling the 
flow of fluid between said motor and Source for 
effecting rapid movement of said movable ele 
ment, a throttle valve independently of said first 
valve controlling the flow of fluid between said 
motor and source for effecting slow movement of 
said movable element, and cam controlled Valve 
mechanism responsive to positions of said movable 
element operative to shift control of said mov 
able element between said first valve and Said 
throttle valve. 

20. In a drilling machine, a drill, a Work SUp 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a valve for controlling the flow 
of fluid between said motor and source for effect 
ing rapid movement of said movable element, a 
throttle valve independently controlling the flow 
of fluid between said motor and source for effect 
ing slow movement of said movable element, and 
cam controlled valve mechanism responsive to 
positions of said movable element operative to 
shift control of said movable element between 
said first valve and said throttle valve, and man 
ually controlled valve means operative to free said 
valve mechanism from control of its Cam and 
to establish fluid connections between said motor 
and Source through said first Valve. 

21. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid elements 
relatively to the other element, a Source of actu 
atting fluid, a valve controlling the flow of fluid 
between said motor and Said Source having a nor 
mal mid position where fluid flow is interrupted, 
and a position on one side of Said normal posi 

10 

20 

40 

45 

50 

55 

60 

65 

70 

tion effective in securing movement of said mov- 75 
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able element in one direction and having a second 
position on the Opposite side of said normal po 
sition Operative to Secure movement of said now 
able element in the opposite direction, hydraulic 
operating means for said valve operative to move 
said valve from said mid position into said other 
positions, valve mechanism for operating said hy 
draulic means, and can means responsive to the 
position of said movable element for Operating 
Said valve mechanism. 

22. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source of 
actuating fluid, a valve controlling the flow of 
fluid between said motor and said source hav 
ing a normal mid position where fluid flow is 
interrupted, and a position on One side of Said 
normal position effective in securing movement 
of said movable element in one direction and hav 
ing a second position on the opposite side of said 
normal position operative to secure movement 
of Said movable element in the opposite direction, 
hydraulic Operating means for said Valve Oper 
ative to move said valve from said mid position 
into Said other positions, valve mechanism for op 
erating said hydraulic means, cam means respon 
sive to the position of said movable element for 
operating said Valve mechanism, and manually 
controlled valve means operative independently 
of the relative position of said valve mechanism 
With respect to Said cam means for effecting a 
setting of said valve mechanism in a manner 
other than called for by the relative position of 
Said Valve mechanism and cam means. 

23. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a valve controlling the flow 
of fluid between said motor and said source hav 
ing a normal mid position. Where fluid flow is in 
terrupted, and a position on one side of said nor 
mal position effective in securing movement of 
Said movable element in one direction and hav 
ing a second position on the opposite side of said 
normal pOSition Operative to Secure movement 
of said movable element in the opposite direction, 
hydraulic operating means for said valve oper 
ative to move said valve from said mid position 
into Said other positions, valve mechanism for 
Operating said hydraulic means, cam means re 
Sponsive to the position of said movable element 
for Operating said valve mechanism, and manu 
ally operative valve means for effecting a shift 
ing of said valve mechanism into a position for 
Securing retraction of said movable element in 
dependently of the relative position between said 
Cam means and Valve mechanism. 

24. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a main control valve control 
ling the fioW of fluid between said motor and 
SOUrce and movable in opposite directions from 
a mid position for effecting respectively rapid ad 
Vance and rapid retraction of said movable ele 
ment, a throttle valve controlling the fioW of 
fluid between said motor and said source inde 
pendently of Said main control valve and mov 
able from a closed position into an open position 
that is effective to secure the slow advance of 
Said movable element, hydraulic operating means 
for shifting Said main control valve from one 
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side to the other of its mid position, hydraulic 
operating means for said throttle valve operative 
to move it from an open position to a closed po 
sition, Valve mechanism controlling both hy 
draulic operating means, and cam means mov 
able relatively to said valve mechanism for oper 
atting Said Valve mechanism in accordance With 
the position of said movable element. 

25. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
mentS relatively to the other element, a source 
of actuating fluid, a main control valve control 
ling the flow of fluid between said motor and 
SOUrce and movable in Opposite directions from 
a mid position for effecting respectively rapid 
advance and rapid retraction of said movable 
element, a throttle valve controlling the flow of 
fluid between said motor and said source inde 
pendently of Said main control valve and mov 
able from a closed position into an open position 
that is effective to secure the slow advance of 
Said movable element, hydraulic operating means 
for shifting Said main control valve from One 
side to the other of its mid position, hydraulic 
Op3rating means for said throttle valve opera 
tive to move it from an open position to a closed 
position, valve mechanism controlling both hy 
draulic operating means, cam means movable 
relatively to Said valve mechanism for operating 
Said Valve mechanism in accordance With the 
position of said movable element, and manually 
Controlled Valve means operative to effect the 
Setting of said main valve in position to secure 
retraction of said movable element independent 
ly Of the can control of Said valve mechanism. 

26. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a main control valve control 
ling the flow of fluid between said notor and 
said Source and movable from a mid position in 
One direction to Secure rapid advance of said 
movable element and in an opposite direction to 
secure rapid retraction of said movable element, 
hydraulic means for moving said valve in oppo 
Site directions from mid position, a throttle valve 
controlling the flow of fluid between said notor 
and Source independently of said main control 
valve and movable from a closed position to an 
open position effective to secure slow advace of 
said movable element, hydraulic means for nov 
ing said throttle valve from an Open to a closed 
position, Valve mechanism controlling both hy 
draulic means, cam means movable relatively 
With respect to said valve mechanism controlling 
said valve mechanism, said valve mechanism 
having in one position ports operative to effect 
energization of the hydraulic operating means 
for said throttle Valve to maintain said valve 
closed and at the same time to energize the hy 
draulic operating means for said main control 
valve to hold Said Valve in One position to effect 
rapid advance of said movable element, and said 
Valve mechanism having in another position 
ports operative to control said hydraulic operat 
ing means for said main control valve to position 
said control valve in mid position and to de-en 
ergize said hydraulic operating means for said 
throttle valve to establish the open condition of 
said throttle Valve to secure slow advance of said 
movable element, said valve mechanism having 
in further position ports operative to energize 
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valve to close said valve and to energize said hy 
draulic means for said main control valve to 
move said valve into a position to secure rapid 
retraction of said movable element. 

27. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for 
effecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a main control valve control 
ling the flow of fluid between said motor and 
Said Source and movable from a mid position 
in One direction to Secure rapid advance of said 
movable element and in an opposite direction 
to Secure rapid retraction of said movable ele 
ment, hydraulic means for moving said valve in 
Opposite directions from mid position, a throt 
tle valve controlling the flow of fluid between said 
motor and source independently of said main 
control valve and movable from a closed posi 
tion to an open position effective to secure slow 
advance of Said movable element, hydraulic 
means for moving Said throttle valve from an 
Open to a closed position, valve mechanism con 
trolling both hydraulic means, cam means mov 
able relatively with respect to said valve mecha 
nism controlling said valve mechanism, said 
Valve mechanism having in one position ports 
Operative to effect energization of the hydraulic 
operating means for said throttle valve to main 
tain said valve closed and at the same time to 
energize the hydraulic operating means for said 
main control valve to hold said valve in one po 
Sition to effect rapid advance of said movable 
element, and Said valve mechanism having in an 
other position ports operative to control said hy 
draulic Operating means for said main control 
Valve to position said control valve in mid po 
Sition and to deemergize said hydraulic operat 
ing means for Said throttle valve to establish 
the open condition of said throttle valve to secure 
Slow advance of Said movable element, said valve 
mechanism having in further position ports op 
erative to energize said hydraulic operating 
means for Said throttle valve to close said valve 
and to energize said hydraulic means for said 
main control valve to move said valve into a 
position to Secure rapid retraction of said mov 
able element, and manually operative valve means 
controlling the operation of said hydraulic op 
erating means for said control and throttle valves 
independently of Said cam means and having 
means Operative to condition said main and 
throttle valves to secure retraction of said mov 
able element from any advanced position thereof. 

28. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a main control valve control 
ling the flow of fluid between said motor and 
Source having a Valve member movable from a 
mid position where fluid flow between said motor 
and Source is interrupted in one direction to 
Secure advance of Said movable element and 
movable in an opposite direction from mid po 
sition to secure retraction of said element, hy 
draulically operated plungers acting in opposite 
directions on Said movable valve member to ef 
fect movement thereof in opposite directions 
from the mid position, and valve means for ad 
mitting pressure fluid to the action of selected 
plungerS. 

29. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
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ments relatively to the other element, a source 
of actuating fluid, a main control valve Con 
trolling the flow of fluid between said motor and 
Source having a valve member movable from a 
mid position where fluid flow between said motor 
and source is interrupted in one direction to 
Secure advance of said movable element and 
movable in an opposite direction from mid posi 
tion to secure retraction of said element, hydrau 
lically operated plungers acting in opposite direc 
tions on said movable valve member to effect 
movement thereof in opposite directions from the 
mid position, valve means for admitting pressure 
fluid to the action of Selected plungers, and can 
means controlling the action of said valve means 
in response to predetermined positions of said 
movable element. 

30. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, a control valve for controlling 
the flow of fluid between said motor and Source 
having a movable valve member, means normally 
retaining Said member in a mid position. Where 
the fluid flow is interrupted, said valve member 
being movable in one direction to secure advance 
of said movable element and movable in an 
opposite direction to secure retraction of Said 
movable element, a lever connected with said 
movable Valve member for moving it in Opposite 
directions, opposed hydraulically operated plung 
ers acting on said lever in opposite directions to 
shift it and said valve member in opposite direc 
tions, and valve mechanism Selectively applying 
preSSure fluid to Said plungerS. 

31. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a control valve for control 
ling the flow of fluid between said motor and 
Source having a movable valve member, means 
normally retaining said member in a mid posi 
tion where the fluid flow is interrupted, said 
valve member being movable in one direction to 
Secure advance of Said movable element and 
movable in an opposite direction to secure re 
traction of said movable element, a lever con 
nected with said movable valve member for mov 
ing it in opposite directions, Opposed hydraul 
lically operated plungers acting on said lever in 
Opposite directions to shift it and said valve 
member in opposite directions, and valve mech 
anism selectively applying pressure fluid to said 
plungers, Said Valve mechanism including a 
shiftable member movable in opposite directions 
from a neutral position and having means for 
applying pressure to both plungers when said 
shiftable valve member is in neutral position and 
for applying pressure to one plunger only When 
said shiftable valve member is shifted in one 
direction away from neutral and for applying 
preSSure only to the other plunger when the 
shiftable valve member is shifted in the opposite 
direction away from neutral. 

32. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source of 
actuating fluid, main valve mechanism control 
ling the flow of fluid between said motor and said 
source and having means operative to secure 
movements of said movable element in opposite 
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stationary, manual means for operating said 
main valve mechanism to effect movements of 
said movable element in opposite directions, 
Valve means controlled by the position of said 
movable element also arranged to control said 
main Valve means, and Selector Valve mechanism 
Operable at Will to place said main valve mecha 
nism under manual control alone and also under 
control of Said valve means. 

33. In a drilling machine, a Wertically movable 
work supporting table, a hydraulic piston and 
cylinder for reciprocating said table, a source of 
hydraulic fluid for operating said piston and 
cylinder, a control valve carried by and movable 
With Said table controlling the flow of fluid be 
tWeen said cylinder and source, said control 
valve having a movable member, means normally 
holding said member yieldingly in a mid posi 
tion where fluid flow between said cylinder and 
Source is interrupted, said valve member, being 
movable in one direction to admit fluid flow in 
a direction to advance said table, and said Valve 
member being movable in the opposite direction 
from Said mid position to admit fluid flow in a 
direction to retract said table, a lever pivoted 
to and movable with said table having a connec 
tion with said valve member to move it in oppo 
Site directions, a manual valve operating mem 
ber journalled in said lever and having a gear 
Sector thereon, a vertical rack meshing with said 
gear Sector, means for removably securing said 
rack in fixed position against movement with 
Said table and also for freeing said rack for 
movement with and by said table, hydraulically 
Operated plungers disposed on opposite sides of 
Said lever for engaging and moving said lever in 
Opposite directions When Said rack is free for 
movement with said table, valve mechanism op 
erative to apply hydraulic pressure selectively to 
Said plungers, cam means movable relatively to 
Said valve mechanism for controlling the opera 
tion thereof, and a manually operated selector 
Valve operative to free said Valve mechanism 
from cam control of said plungers and to free 
Said plungers from hydraulic pressure, whereby 
said lever can be operated manually when said 
rack is fixed against movement with the table. 

34. In a drilling machine, a drill, a work sup 
port, a hydraulic motor for effecting movement 
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of one of the aforesaid elements relatively to the 
other element, a source of actuating fluid, a con 
trol valve having means controlling fluid flow 
between said motor and source to effect advance 
and retraction movements of said movable ele 
ment, means including a manually operable lever 
having a mechanical connection with said valve 
for Operating it, cam controlled valve means re 
Sponsive to the position of said movable element 
having operative connections with said control 
valve for operating it, and manually operated 
Selector Valve mechanism operative to condition 
Said Control Valve for control by Said manually 
Operable lever and by said valve means sepa 
rately. 

35. In a drilling machine, a drill, a work sup 
port, a hydraulic motor for effecting movement 
of one of the aforesaid elements relatively to 
the other element, a source of actuating fluid, 
a control Valve controlling fluid flow between 
Said motor and Source, a throttle valve control 
ling fluid flow between said motor and source 
independently of said control valve, valve mech 
anism responsive to the position of said mov 
able element, and means responsive to said valve 

direction and also to hold said movable element 75 mechanism for shifting control of said motor be 
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tWeen said control Valve and said throttle Valve. 

36. In a drilling machine, a drill, a work Sup 
port, a hydraulic notor for effecting movement 
Of one of the aforesaid elements relatively to the 
other element, a source of actuating fluid, a 
Control Valve controlling filuid foW between said 
motor and source, a throttle Valve controlling 
fluid flow betWeen Said motor and Source, Valve 
mechanism responsive to the position of said 
movable element, means responsive to Said Valve 
mechanism for shifting control of said motor 
betWeen Said control Valve and said throttle Valve, 
a manually operable Valve member, and means 
responsive to the Cperation. Of Said Valve men 
ber for effecting control of Said control and 
throttle Valves independently of the control 
thereof by said Valve mechanism in accordance 
with the position of said movable element. 

37. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of One of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, a main control Valve Con 
trolling the flow of fluid betWeen said notor and 
said source having one position where the fluid 
foW is interrupted and the movable element is 
held stationary and two other positions for Se 
curing fast advance and retraction of the mov 
able element, hydraulic means for effecting 
movement of Said Valve into any Selected one of 
its three positions, a throttle Valve controlling 
the flow of fluid between said notor and said 
Source Operative to effect slow Speed advance of 
said movable element and having a normal open 
position and a closed position, hydraulic means 
for moving said throttle Valve from said open 
to said closed position, reversing Valve mecha 
nisin including a shiftable Valve member hay 
ing different positions operative to secure fast 
and SIOW advance and retraction of said now 
able element, can means movable relatively to 
said shiftable Valve member and cooperating 
thereWith to move it into its different positions, 
means constantly biasing said shiftable Valve 
member for movement out of cooperative rela 
tion. With Said cam means, hydraulic means op 
erating on said shiftable valve member to move 
it against said biasing means into engagement 
With said can means, a manually operated Valve 
member controlling movement of said movable 
element, a switching Valve controlling the hy 
draulic means for said throttle Valve, said switch 
ing Valve being responsive to the operation of 
Said manually Operated Valve member to effect 
the closing of Said throttle Valve and to main- . 
tain said throttle valve closed throughout the 
Operated condition of Said manually Operated 
Valve member, said Switching valve being re 
Sponsive to the release of said manually operated 
Valve member and to control by said reversing 
Valve mechanism in the slow Speed position of 
said shiftable Valve member to effect the release 
of said throttle Valve, a starting switching valve 
responsive to the operation of said manually 
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operated valve member to energize the hydraulic 265 
Operating means of said reversing Valve mecha 
nism to effect movement of said shiftable valve 
member from neutral to fast advance position, 
means under control of said shiftable valve mem 
ber in its fast advance and also slow advance 
positions to maintain said hydraulic means op 
erative to maintain said shiftable Valve member 
in engagement With said can means, means re 
Sponsive to movement of said shiftable valve 
member from neutral to fast advance position 
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to actuate the hydraulic means for Said main 
Control Valve to effect the movement of said 
Valve to fast advance position, means responsive 
to movement of said shiftable valve member 
from fast advance to slow advance positions to 
actuate the hydraulic means for said main con 
trol Valve to move said main control valve to 
neutral position, means responsive to movement 
of said shiftable Valve member to retraction po 
sition to actuate said hydraulic means for said 
main control Valve to move said valve into fast 
advance position, and means responsive to move 
ment to said shiftable valve member to neutral 
position to effect movement of said main control 
Valve to neutral position. 

38. In a drilling machine as defined in claim 
37, Said starting SWitching Valve having means 
responsive to the operation of said manually op 
erated Valve member at any advanced position 
of Said nowable element to effect the de-ener 
gization of the hydraulic means of said shiftable 
Valve member to effect movement of Said Shift 
able valve member into retraction position under 
urge of said biasing means. 

39. In a drilling machine, a drill, a work sup 
port, a hydraulic motor for effecting movement 
of one of the aforesaid elements relatively to 
said other element, a source of actuating fluid, 
means including valve mechanism responsive to 
the position of Said movable element for effecting 
the advance Of Said element from a starting po 
sition at different speeds and its retraction from 
a predetermined advanced position, a switching 
Valve Operative to Secure the advance of said 
movable element from its starting position, a 
Second Switching valve operative to Secure the 
advance of said movable element at slow speed, 
a third Switching Valve operative to control ad 
mission of actuating fluid to said valve mecha 
nism, a fourth switching valve operative to effect 
retraction of said movable element, a manually 
Operated valve member controlling the operation 
of at least certain of said switching valves, and 
Switching valve mechanism operative to estab 
lish different operative relations between said 
Switching valves and said manually operated 
valve member to effect different operations of 
said movable element. 

40. In a drilling machine, a drill, a work Sup 
port, one of the aforesaid elements being mov 
able relatively to the other element, a hydraulic 
motor for moving said movable element, a source 
of actuating fluid, valve mechanism controlling 
fluid flow between said motor and source includ 
ing a shiftable Valve member having a neutral 
position corresponding to the retracted condition 
Of said movable element and other positions op 
erative to secure retraction and fast and slow 
advance of Said movable element, cam means 
movable relatively to said valve member for ef 
fecting movement of said valve member into such 
different positions, means constantly biasing said 
Valve member for movement away from said cam 
means, hydraulic means for moving said wave 
member against the action of said biasing means 
into engagement with said cam means, a start 
ing valve for effecting the actuation of said hy 
draulic means to move said valve member from 
its neutral position into another position, said 
Valve member having means operative in said 
other position to maintain said hydraulic means 
actuated, and means to effect the momentary 
Operation of Said starting valve having means to 
hold Said Starting Valve in operated position for 
a period of time sufficient to permit the move 
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ment of said movable valve member away from 
neutral position. 

41. In a drilling machine, a drill, a work Sup 
port, one of the aforesaid elements being mov 
able relatively to the other element, a hydraulic 
motor for moving said movable element, a source 
of actuating fiuid, valve mechanism controlling 
fluid flow between said motor and Source includ 
ing a shiftable Valve member having a neutral 
position corresponding to the retracted condition 
of said movable element and other positions op 
erative to secure retraction and fast and slow 
advance of Said movable element, cam means 
movable relatively to said waive member for ef 
fecting movement of said valve member into such 
different positions, means constantly biasing said 
valve member for movement away from said cam 
means, hydraulic means for moving said valve 
member against the action of said biasing means 
into engagement with said cam means, a start 
ing valve for effecting the actuation of said hy 
draulic means to move said Valve member from 
its neutral position into another position, Said 
valve member having means Operative in Said 
other position to maintain said hydraulic means 
actuated, a time delay Valve having connections 
with said starting valve for effecting energiza 
tion of said starting valve through said time 
delay valve, said time delay valve having means 
for effecting the slow movement thereof into an 
operated position and said time delay Valve when 
in fully operated position effecting the return of 
said starting valve to an unoperated position, and 
means for initiating the operation of both valves 
conjointly. 

42. In a drilling machine, a movable element, 
means including a hydraulic motor for effecting 
fast and slow and also retraction movements of 
said element, means including a throttle valve 
for effecting slow advance of said element, cam 
operated reversing valve mechanism controlling 
the movements of said element and having neu 
tral, fast advance, slow advance and retraction 
positions corresponding to corresponding condi 
tions of said movable element, a manually Oper 
ated valve member controlling operation of said 
element, a Switching Valve controlling the Opera 
tive and inoperative positions of said throttle 
valve, means establishing both said manually Op 
erated valve and said throttle valve in control of 
said throttle valve through said switching valve, 
and selector valve means operative to establish 
control of said throttle valve by said manually 
operated valve and separately by said reversing 
Wave. 

43. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of said aforesaid ele 
ments relatively to the other element, a main 
control valve in control of Said motor having a 
neutral position where said motor is stationary 
and two different positions setting said motor for 
fast advance and retraction movement of said 
movable element, a throttle Valve also in control 
of Said notor having an inoperative position and 
a position. Setting Said motor for slow advance of 
said movable element, hydraulically operated 
valve Setting means for said main Valve and for 
said throttle valve, can Operated valve mecha 
nism in control of Said Valve Setting means and 
including a valve member having a neutral posi 
tion. Where the innovable element is stationary in 
retracted position and fast advance, slow ad 
Vance and retraction positions, a manually op 
erated valve member controlling the operation of 
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Said movable element, a plurality of SWitching 
Valves some controlled by said manually operated 
Valve member and Some controlled by Said now 
able valve member for effecting control of Said 
Valve setting means, and Selector Valve mecha 
nism for shifting control of said SWitching Valves 
by the aforesaid members for effecting operation 
Of said movable element under different condi 
tions. 

44. In a drilling machine, a drill, a work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of Said aforesaid ele 
ments relatively to the other element, a main 
control Valve in control of Said motor having a 
neutral position. Where Said motor is stationary 
and tWo different positions setting said motor for 
fast advance and retraction movement of said 
nowable element, a throttle Valve also in control 
Of Said notOr having an inoperative position and 
a position Setting said motor for slow advance of 
said movable element, hydraulically operated 
Valve Setting means for Said main Valve and for 
Said throttle Valve, can operated valve mechanism 
in control of Said Valve setting means and in 
cluding a Valve member having a neutral posi 
tion where the movable element is stationary in 
retracted position and fast advance, slow ad 
Vance and retraction positions, a manually op 
erated Valve member controlling the operation 
of said movable element, a plurality of Switching 
Valves some controlled by Said manually operated 
Valve member and some controlled by said mov 
able Valve member for effecting control of Said 
valve Setting means, and selector Walve mecha 
nism for shifting control of said switching valves 
by the aforesaid members for effecting operation 
of said movable element under different condi 
tions, and having a position wherein maintenance 
of Said manually operated valve member in oper 
ated condition effects the continuous reciproca 
tion of Said movable element. 

45. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
mentS relatively to the other element, a Source of 
actuating fluid, Valve mechanism operative to 
Control the flow of fluid between said motor and 
source, cam mechanism normally operative in 
response to the position of said movable element 
to control said valve mechanism to effect a pre 
determined manner of operation of Said motor 
and of Said movable element, selector valve means 
aSSociated With said valve mechanism and opera 
tive to vary the aforesaid manner of operation 
of Said motor and of Said movable element, and 
pedal-controlled means operative to dominate the 
control of Said motor and movable element irre 
Spective of the manner of operation thereof as 
determined by said Selector valve means. 

46. A drilling machine as in claim 45, the 
pedal-Controlled means including a single pedal 
having means operated thereby to initiate and 
control the progress of any selected manner of 
Operation of said motor and movable element. 

47. In a drilling machine, a drill, a work sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, Valve mechanism operative to 
Control the flow of fluid between said motor and 
Source, Cam mechanism normally operative in re 
Sponse to the position of said movable element to 
control Said Valve mechanism to effect a predeter 
mined manner of operation of said motor and of 
Said movable element, selector valve means as 



sociated with said valve mechanism and operative 
to vary the aforesaid manner of Operation of Said 
motor and of said movable element, a control 
pedal, and means responsive to an initial de 
pression of said pedal to effect the operation of 
said motor and movable element to control the 
progress of any Selected manner of operation 
thereof, and responsive to a Second depression 
of Said pedal to effect the retraction of Said mov 
able element. 

48. In a drilling machine, a drill, a Work Sup 
port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a source 
of actuating fluid, valve mechanism operative to 
control the flow of fluid between said motor and 
source, cam mechanism operative to control said 
valve mechanism to provide a predetermined cycle 
of operation of Said motor and movable element, 
Selector valve means associated With said valve 
mechanism to modify Said cycle and to provide 
different cycles of operation, and pedal controlled 
means controlling the operation of said movable 
element in said various cycles. 
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49. In a drilling machine, a drill, a work. Sup 

port, means including a hydraulic motor for ef 
fecting movement of one of the aforesaid ele 
ments relatively to the other element, a Source 
of actuating fluid, valve mechanism operative to 
control the flow of fluid between said notor and 
Source, cam mechanism operative to control Said 
valve mechanism to provide a predetermined cycle 
of operation of said motor and movable element, 
Selector valve means associated with said Valve 
mechanism to modify said cycle and to provide 
different cycles of operation, and pedal controlled 
means controlling the operation of Said movable 
element in Said various cycles, Said pedal Con 
trolled means including a single pedal and means 
associated therewith responsive to an initial de 
pression of the pedal to effect control of the 
advance of Said movable element in any Selected 
Cycle and responsive to a second depression of 
Said pedal to secure retraction of Said movable 
element, 
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