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UNITED STATES PATENT office 
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HYDRAULIC PoweR UNIT 
Russel E. Bauer, Detroit, Mich., assignor to Ex 
Cell-O Corporation, Detroit, Mich., a corpora 
tion of Michigan 

Application September 10, 1937, Serial No. 163,210 
(C. 121-45) 11. Claims. 

The present invention relates to improvements 
in hydraulic power units adapted for use in ma 
Chine tools. 
One of the objects of the invention is to pro 

vide a novel hydraulic power unit which is com 
pact, Self-contained and hydraulically controlled 
and Operated. 
The unit may comprise a rotary reciprocable 

Spindle as the movable machine element. An 
other object is to provide a new and improved 
power unit having novel hydraulic operating 
means in which the motive fluid is locked by 
valve means to prevent any movement or creep 
ing of the spindle or machine element during idle 
periods. 
Further objects and advantages will become 

apparent as the description proceeds, 
In the accompanying drawings, 
Figure 1 is a perspective view on a reduced 

scale of a machine, with the hydraulic power 
unit embodying the features of the invention. 

Fig. 2 is a side elevational view of the hydraulic 
power unit with the front cover removed. 

Fig. 3 is a plan view of the hydraulic power 
unit without the drive motor. 

Fig. 4 is an end elevational view of the hy 
draulic power unit. 

Fig. 5 is a fragmentary longitudinal sectional 
view of the hydraulic power unit on an enlarged 
scale taken substantially along line 5-5 of Fig. 3. 

Fig. 6 is a diagrammatic representation of the 
hydraulic transmission for the unit. 

Fig. 7 is a view similar to Fig. 6 but showing 
the transmission in condition for rapid approach. 

Fig. 8 is a view similar to Fig. 6 but showing 
the transmission in condition for slow feed. 

Referring more particularly to the drawings, 
the hydraulic control unit embodying the fea 
tures of my invention comprises a self-contained 
housing adapted to be adjustably mounted on 
a machine base 2. The unit is of the quill or 
ram type, comprising a Suitable tool spindle 3 
journaled in and movable axially with a non 
rotatable reciprocable quill 4. A hydraulic oper 
ating mechanism is fully contained within the 
unit for imparting to the spindle 3 a cycle com 
prising a rapid approach, two different feeds se 
lectively available without feed interruption or 
as jump feeds, a selectively available dwell at the 
end of the forward stroke, a rapid return, and 
an automatic stop. 
The quill 4 extends slidably through a large 

cylinder 5 formed integral with the casing , and 
closed at opposite ends by suitable pilot caps 6 
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reciprocation in the cylinder 5. The quill 4, 
which constitutes the piston rod for the piston, 8, 
extends from the cylinder 5 through two closely 
lapped hardened steel bushings 9 and O which 
are secured in the pilot caps 6 and 7, and which 
provide a hydraulic Seal. An annular wiper plate 
f f, secured to the pilot cap 6, encircles the outer 
end of the quill 4 and prevents foreign matter 
from getting into the cylinder 5. A guide arm 
2 is keyed to the rear end of the quill 4, and 

projects into a slot 3 formed in the base wall 
of the casing parallel to the quill to prevent 
rotation in the course of reciprocation. 
Also formed in the casing is a Small cylinder 
4 parallel to the cylinder 5 and closed at the 
ends by pilot caps 5 and 6. A small piston 7 
is reciprocable in the cylinder 4, and has a pis 
ton rod 8 extending slidably through sealing 
bushings. 9 and 20 in the caps 5 and 6. A 
wiper plate 2 is secured to the cap 5, and en 
circles the Outer end of the rod 8. The outer 
ends of the quill 4 and piston rod 8 are rigidly 
connected for joint movement by a suitable face 
plate 22. The motors or actuators, comprising 
the cylinder 5 and pistOn 8 and the cylinder 4 
(and piston 7, constitute a hydraulic transmis 
sion for reciprocating the spindle 3. 
The forward end of the spindle 3 extends 

through the face plate 22, and is journaled there 
in in a suitable double row antifriction bearing 

The Outer raceway of this bearing is con 
fined in a recess 24 in the plate 22 by means of 
an annular clamp plate 25. The inner raceway 
is confined against a shoulder 26 on the spindle 
3 by means of a lock nut 2. 
The spindle 3 preferably is tubular in form, 

and the outer end is ground to close limits on 
the inside diameter and formed with a longitu 
dinal internal key slot 28. If the unit is to be 
used for single tool operation, a suitable sleeve 
with a taper bore (not shown) is inserted into 
the Spindle 3. If the unit is to be used for mull 
tiple tool operation, a suitable multiple tool or 
drill head (not shown) may be mounted on the 
face plate 22 with a drive shank (not shown) 
fitted directly into the spindle. The clamp plate 
25 is formed with an annular pilot 29 projecting 
from the face of the plate 22 to locate drill heads 
of the flange type. 
The rear end of the Spindle 3 is journaled in 

a single antifriction bearing 30 confined by a 
plate 3 in a bearing housing 32. This housing 
has an axial sleeve 33 fitted to the iner end of 
the quill 4, and secured thereto and to the guide 

and 1. A piston 8 is secured to the quill 4 for 55 arm 2 by means of a dowel pin 34. 



2 
To provide a suitable rotary drive connection, 

a spline bushing 35 is keyed withii tie rear end 
of the spindle by a pin 35 and is locked in posi 
tion by a nut 3. A drive shaft, 33 extends into 
the inner end of the Spidie 3 and is axially 
splined to the bushing 35. 
The shaft 38 is suitably journaled in a gear 

housing 39 bolted to the rear end of the casing 
and closed by a cover 40. Also journaled in the 

housing 39 in parallel relation to the shaft 38 
are an idler shaft 4 and a power inlet shaft 42. 
The shaft 38 is driven from the shaft 42 through 
reduction gearing consisting of a gear 43 on the . 
shaft 42, idler gears 34 and 45 on the shaft 4f 
and a gear 86 on the shaft 38. The gears are 
removably splined to the shafts. Preferably, all 
of the shafts are splined to the same dimension, 
and all of the gears have the same splined hole 
and the same face width. As a result, the neces 
Sary drive speed range is obtained with a rela 
tively small number of gears, using each gear 
interchangeably in different positions. 
The power inlet shaft 42 projects through the 

cover 40 for connection to a suitable source of 
power. In the present instance, a pulley 4 is 
keyed to the shaft 42, and connected through a 
belt 48 to an electric motor 49 On a bracket 50. 
One edge of the bracket 50 is pivoted by a pin 5 
to a cover 52 closing the top of the casing , and 
the other edge is adjustable by means of a Screw 
53 for properly tensioning the belt 48. Prefer 

ly, the belt 48 is enclosed by a removable guard 

The hydraulic operating mechanism comprises 
a suitable pump 55 taking motive fluid from the 
interior of the casing , the bottom of which con 
stitutes a sump, and discharging to a pressure line 
56. The pump 55 is mounted within the casing 
on an adapter plate 57 secured to the housing 39, 
and is keyed directly to the inlet shaft 42 which 
is driven constantly at the most convenient pump 
speed. The sump may be supplied with fluid 
through an opening 58 in one side wall of the 
casing , and normally closed by a plug 59. A 
screen filter 60 is mounted in the opening 58. 
Also mounted in the side wall of the casing , be 
low the filler plug 59, is a sight gage 6. 
The motive fluid in the line 56 is substantially 

maintained at a predetermined pressure by an 
adjustable relief valve 62 discharging to the 
sump, and is adapted to be supplied to the cylin 
ders 5 and 4 through a control valve 63. In its 
present form, this valve comprises a valve bore 
64 having a central pressure port 65 connected to 
the line 56, rapid traverse ports 66 and 6 at op 
posite sides of the port 65 and connected re 
spectively through lines 68 and 69 to opposite 
ends of the small cylinder 4, and feed ports 70 
and located outwardly of the ports 66 and 6 
and connected respectively through lines 2 and 
73 to opposite ends of the large cylinder 5. A 
valve plunger T4 of the Spool type is reciprocable 

0 

20 

3,271,616 
dier 85 opens to a line 86 adapted to be connected 
by the dwell mechanism 8 either to a pressure 
line 37 leading from the valve 63 in the transverse 
plane of the port 65, or to a drain line 88 opening 
to the drain chamber 6. 
The dwell mechanism 8 comprises a bore 89 

connected at opposite ends to the pressure line 87 
and a line 90, and having suitable intermediate 
port connections with the lines 86 and 88. A 
valve piston 9 is slidable in the bore 89, and is 
urged in one direction by a spring 92 to close the 
line 88 and connect the lines 86 and 87. Move 
ment of the piston 9 against the action of the 
spring 92 serves to interrupt the connection be 
tween the lines 86 and 87 and to connect the lines 
86 and 88. 
The line 90 has an unrestricted branch line 93 

and a parallel restricted branch line 9, under 
the control of the pilot valve 79. The restriction 
in the line 94 is provided by an adjustable orifice 
95. The pilot valve 79 may be of any desired con 
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in the bore 64, and is formed with an axial bore 
75 open at opposite ends to exhaust chambers 16 
and 77 connected to a drain line 8 leading to 
the Sump. . 
The valve 63 is operable hydraulically under the 

control of two pilot valves 79 and 80 and a dwell 
mechanism 8. Formed on opposite ends of the 
valve plunger 74 are two pistons 82 and 83 which 
are of relatively small and large diameters, and 
which extend slidably into two cylinders 84 and 85 

65 

70 

at opposite ends of the valve bore 64. The cylin 
der 84 is always connected to the pressure line 
and hence is always under pressure. The cylin 75 

struction, and is herein shown as of the rotary 
type, having a bore 96 with port connections at 
peripherally spaced points with the lines 56, 38, 
93 and 94, and having a plug 9 formed with a 
flow passage terminating with suitably, dimen 
sioned and located ports 98 and 99 at opposite 
sides of a land area 00. The plug 9 has an axial 
operating shaft of extending to one side of the 
casing and provided with a hand lever 102. In 
the intermediate position of the plug 97, the lines 
88 and 93 are closed, and the lines 56 and 94 are 
connected. In the left-hand position, the ports 
98 and 99 are open to the lines 88 and 93 and the 
line 56 is disconnected. In the right-hand posi 
tion, the lines 88 and 94 are closed, and the lines 
56 and 93 are connected. 
To provide means for moving the valve plunger 

T4 against the pressure in the cylinder 8 into 
feed position, a feed collar 03, having a larger 
pressure area than the piston 82, is slidable on 
the piston 83 within a cylinder 0 and for en 
gagement with a shoulder fos on the plunger 4. 
The outer end of the cylinder 04 is open to a 
line Osadapted for connection by the pilot valve 
80 either to the drain line 88 or the pressure line 
56. Provision is also made for forcing the valve 
plunger 74 into neutral position against the pres 
sure in the cylinder 85. The means for this pur 
pose comprises a stop collar OT, with a larger 
pressure area than the piston 83, slidable on the 
piston 82 within a cylinder 08 and for engage 
ment with a shoulder 09 on the right end por 
tion of the plunger 14. The outer end of the cyl 
inder 08 is open to a line to adapted for cont 
nection by the pilot valve 80 either to the pressure 
line 56 or the drain line 88. 
The pilot valve 80 may be of any desired char 

acter, and in the present instance is shown as of 
the rotary type, having a bore with Suitable 
peripherally spaced port connections with the 
ines 56, 88, O6 and 10, and a valve plug 12 
with a recess 3 and connected Spaced recesses 
4 and 5. The arrangement is such that in 

stop position, the lines 88 and O6. are connected 
by the recess 4 and the lines 56 and 0 are 
connected by the recess 13, and in feed position, 
the lines 88 and 10 are connected by the re 
cesses 4 and 5 and the lines 56 and 06 are 
connected by the recess 3. The valve plug 12 
has an axial operating shaft 6 extending to 
one side of the casing . 
In the feed position, the control valve 63 lim 

its the discharge of fluid from the exhaust ends 
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of the motive cylinders 5 and 4 to a feed drain 
line 7 which is closed by the valve 80 in stop 
position, and which is adapted to be connected 
through a flow passage 8 in the plug ff2 selec 
tively to one or the other of two parallel restrict 
ed lines 9 and 20 connected respectively 
through adjustable orifices 2 and f22 to the 
drain line 78. The selective feed adjustment 
does not effect the Various connections between 
the lines 56, 88, fos and f 0. The orifices 2 
and 22 may be of any suitable character, and 
are accessible for adjustment from One side of 
the casing f. It will be understood that these 
orifices are adjusted to provide unequal restric 
tions where different feeds are required. 
To obtain a constant rate of feed for either 

orifice selection, a governor valve 23 is inter 
posed in the drain line 78. This valve comprises 
a bore 24 connected at opposite ends respective 
ly to the line f l and a line 25 from the orifices 
f2 and 22, and having a port connection inter 
mediate its ends with the line 78. A plunger 26 
is slidable in the bore f 24, and provides a gradu 
ated flow restriction between the lines 25 and 
78. A spring 2 tends to urge the plunger 26 
against the pressure in the line in a direc 
tion to decrease the flow resistance. Hence, the 
outlet pressure of the selected orifice 2 or 22 
is varied in accordance with the inlet pressure to 
maintain a constant orifice pressure drop and 
therethrough a tool feed of constant rate regard 
less of variations in the work load. 
The pilot valves 79 and 80 are automatically 

controlled in accordance with the movement of 
the spindle 3 to define a predetermined cycle. 
In the present instance, the valve shafts of and 

6 are provided at the outer ends with a plu 
rality of triggers engageable in predetermined 
sequence by a selected series of dogs. 
dogs may be varied as to Selection and spacing 
to obtain the desired cycle, 
An illustrative cycle comprises rapid approach, 

fast feed, rapid jump traverse, slow feed, dwell, 
reverse, rapid return and stop. To obtain this. 
cycle, there is fixed on the outer end of the valve 
shaft Of a reverse trigger f28, and on the shaft 
f6, a first feed trigger 29, a second feed trigger 
30, and a stop trigger f3. Integral with the 

trigger 30 is a jump feed trigger 32. In addi 
tion, positioning arms f33 and 34 are fixed on 
the shafts of and 6, and extend with their 
ends in overlapping relationship so that move 
ment of the valve 80 into stop position will effect 
movement of the valve 79 into intermediate or 
neutral position. The various triggers 28 to f32 

These 

O 
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mechanism 8 with the orifice valve 95 and the 
orifice feed valves 2 and 22 with the governor 
23 are built into a compact hydraulic control 
panel 45 which is suitably mounted as a unit in 
one side of the casing . A side cover f46 se 
cured to the casing may be removed to obtain 
access to the panel 45. The valve shafts of 
and 6 project through the casing , and may 
be operated from either end. Thus, the lever 
f02 may be shifted to the stub end of the shaft 
0. Similarly, a hand feed knob 47, may be 

secured to either end of the shaft 6. The trig 
gers, dogs and dog bars are located in a recess 
48 formed in the side of the casing Opposite 

15 the panel 45, and normally closed by a side 

20 

25 

30 

35 

40 

45 

50 

are adapted for engagement respectively by a 
plurality of dogs 35 to 39 which are removably 
and adjustably mounted on two parallel dog 
shafts or rods 40 and 6 rigidly connected at 
their forward ends to the face plate 22 for move 
ment therewith. The other ends of the rods 40 . 
and 4f extend slidably through a guide bracket 
42 on one side of the casing . In the present 

instance, the dogs 36, 3 and 38 are carried 
by the rod 40 and other dogs are mounted on 
the rod 4. The dog 39 is pivotally mounted 
in a bracket 43 on the rod Éi, and is normally 
held in exact operative position by a spring 44 
so as to be operative upon movement to the left 
and ineffective in the reverse direction. It will 
be understood that the coacting triggers and dogs 
are mounted on the respective supports for prop 
er alignment longitudinally of the path of move 
ment. 

60 
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cover f49. Feed shafts 50 and 5 extend from 
the Orifice feed valves 2 and 22 into the recess 
48 for adjustment, and are therein provided 

with Suitable graduated dials 52. - 
As described, the valve 79 is operable manu 

ally by means of the lever 02 on the unit. If 
desired, a remote control may also be provided. 
In the present instance, this control consists of 
a cylinder 53 removably mounted in the for 
Ward end wall of the casing . A piston 54 is 
reciprocable in the cylinder 53, and has a piston 
rod 55 formed with a gear rack 56 meshing 
with a gear 57 on the shaft O. Suitable fluid 
supply and exhaust lines 58 and 59 open from 
opposite ends of the cylinder 53 to the exterior 
of the casing for connection with conduits lead 
ing to a hand or Solenoid actuated Valve 60 for 
single or multiple unit control. The valve GO 
also has connections with the pressure line 87 
and the exhaust line 88. In neutral position, the 
lines are blocked; in the right-hand valve posi 
tion, pressure is supplied to the line 58 to effect 
rapid approach; in the left-hand valve position, 
pressure is Supplied to the line 59 to effect rapid 
return. 
With the parts as shown in Fig. 6, fluid under 

pressure is supplied to the cylinders 84, 85 and 
f08, and hence the control valve 63 is held in 
neutral position. Since the line falso is blocked 
by the valve 80, the fluid is locked in all ends 
of the motor cylinders 5 and 4 so that no axial 
spindle movement can take place. 
To institute rapid advance (Fig. 7), the hand 

lever 02 is moved into its left-hand position. 
This connects the line 93 to the drain line 88, 
and thereupon the pressure fluid in the line 87 
depresses the plunger 9 to connect the cylinder 
85 through the line 86 to the drain line 88. Since 
there is no pressure in the cylinder 04, the 
pressure in the cylinder 84 will force the main 
valve plunger 4 fully to the left. As a result, 
pressure fluid is supplied from the line 56 only 
through the line 69 to the rear end of the small 
cylinder 4, and the front ends of both cylinders 
5 and 4 are connected through the lines 68 and . 
72 to the exhaust chamber 76 and thence through 
the bore 75 and chamber 7 to the exhaust line 
8. The line 3 is open to the chamber 7, and 

directs a part of the exhaust fluid into the rear 
end of the large cylinder 5 to keep the latter 
filled. The spindle 3 is advanced rapidly since 
the available fluid is supplied only to the small 
cylinder. By this means a rapid approach can be 
practicably obtained by the use of a small pump. 
At a predetermined point in the advance or 

forward movement, the dog 36 will engage the 
trigger 29 to rock the valve 80 one step in a 
€ounterclockwise direction. The same adjust 

The various valves 63, 79 and 80, the dwell 75 ment may be made at any time by means of the 



4. 
hand knob 47. As a result, the cylinder 08 is 
connected through the line 0, valve recesses 5 
and 4 and the line 88 to the exhaust chamber 
76, and pressure fluid is supplied from the line 
56 through the valve recess 3 and the line 06 
to the cylinder 04. Also, the feed exhaust line 
f is connected to the line 9 and orifice 2. 
The collar 03 now forces the valve plunger 74 
against the pressure in the cylinder 84 into feed 
position. In this position, both lines 69 and 73 
are connected to the pressure line 56, and both 
lines 68 and T2 are cut off from the chamber 76 
and connected to the restricted line f l to effect 
a feed with a heavy cutting thrust. The governor 
23 maintains a constant feed rate regardless of 
load variations. 
Subsequently, the dog 39 Will engage the trig 

ger 32 to return the valve 80 into rapid advance 
position. If a jump feed is not desired, the dog 
39 is removed. S 
At a still later point in the advance movement, 

the slow feed dog f3, will engage the trigger 30 
to move the valve 80 counterclockwise through 
the first feed position into a second feed posi 
tion, thereby connecting the line 7 to the line 
20 and orifice (22 (Fig. 8), while obtaining the 
other feed adjustments as previously described. 

Shortly before the end of the rapid advance, 
the reverse dog 35 will engage the trigger 28 
to rock the valve 79 clockwise into initial neutral 
position, and then the quill 4 will move against 
a positive stop and stall. Adjustment of the valve 
9 brings the arms 33 and 34 toward each 
other, but does not affect the valve 80 which is 
ineffective to control the return spindle move 
ment. The valve 79 connects the lines 56 arid 94, 
thereby supplying pressure fluid through the 
dwell Orifice 95 and the line 90 to the bottom of 
the plunger 9. After a dwell period, deter 
mined by the restriction in the valve 95, the 
plunger 9 reaches its top position to connect 
the lines 86 and 87, thereby supplying pressure 
fluid to the cylinder 85. Thereupon, the valve 
plunger 4 is moved fully into the right-hand po 
sition to connect the line 68 to the pressure line 
56, and the lines 69, 72 and 73 to exhaust, for 
rapid return. . 

. If a dwell is not desired, the valve 95 is ad 
justed to remove the flow restriction, and in this 
event reversal will occur immediately after en 
gagement of the trigger 28 by the dog 35. In 
any event, immediate reversal can be obtained 
when desired by manually adjusting the valve 
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a large cylinder for feed traverse, a small pump 
operating at moderate pressures may be emi 
ployed. The hydraulic control valves being built 
into one complete panel also require very little 
space. As a result, the construction of the unit may be made compact. During idle periods, all 
of the ends of the cylinders are blocked by valves 
so that the spindle cannot move or creep. 

I claim as my invention: 
1. A self-contained hydraulic power unit com 

prising, in combination, a casing adapted to be 
mounted upon a machine frame, a spindle 
mounted in said casing for rotation and axial 

20 

25 

reciprocation, a small piston and cylinder motor 
and a large piston and cylinder motor mounted 
in said Casing for reciprocating said spindle, and 
a hydraulic control mechanism in said Casing, 
said mechanism including a main control valve 
having a pressure inlet and having a restricted 
drain outlet and an unrestricted drain outlet and 
having a rapid approach position in which One 
end of said Small motor is connected to said inlet 
and the other ends of Said motors are connected 
to said unrestricted drain outlet, a rapid return 
position in which the reverse end of said Small 
motor is connected to said inlet and the other 
ends of Said motors are connected to Said unre 
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79 through neutral into its extreme right-hand 
position to connect the pressure line 56 to the 
unrestricted line 93 instead of the line 94. 
At the end of the rapid return, the dog 38 

55 

stricted drain outlet, an advance feed position 
in which the pressure ends of said motors are 
connected to said inlet and the exhaust ends of 
said motors are disconnected from said unre 
stricted drain outlet and connected to said re 
stricted drain outlet, and a stop position in which 
said motors are disconnected from Said inlet and 
said unrestricted drain outlet, a pilot valve for 
effective movement of said control valve selec 
tively into feed position during the approach 
movement or into stop position during the return 
movement, and when said main valve is in stop 
position closing said restricted drain outlet, and 
a second pilot valve for effecting movement of 
said control valve selectively into approach po 
sition for rapid traverse or feed depending on the 
position of said first mentioned pilot valve, or 
into reverse position when said first mentioned 
pilot valve is out of stop position, and dogs now 
able with said spindle for controlling said pilot 
valves. 

2. A self-contained hydraulic power unit Com 
prising, in combination, a casing adapted to be 
mounted upon a machine frame, a spindle 
mounted in said casing for rotation and axial 
reciprocation, a small piston and cylinder motor 
and a large piston and cylinder motor mounted 
in said casing for reciprocating said spindle, and 
a hydraulic control mechanism in said casing, 

will engage the trigger 3 to return the valve : 
80 to initial position and the latter through the 
arms 33 and 34 will insure location of the valve 
9 in central position, to stop the operation. 
More particularly, the cylinder 04 will be ex 
hausted and the cylinder 08 will be connected 
to the pressure line so that the collar OT will 
shift the control valve 63 to the left into neutral 
position. 

It will be evident that I have provided a novel 
hydraulic power unit which is self-contained. 
The unit may be employed in different machine 
tools and may be mounted in any suitable posi 
tion. Each unit may be controlled separately or 
a group of units may be mounted on a single 
machine base and operated through a single re 
mote control. By employing a small cylinder 
for rapid traverse and both a small cylinder and 
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said mechanism including a restricted drain out 
let, a main control valve having a pressure inlet 
and an unrestricted drain outlet and having a 
rapid approach position in which one end of said 
small motor is connected to said inlet and the 
other ends of: said motors are connected to said 
unrestricted drain outlet, a rapid return position 
in which the reverse end of said small motor is 
connected to said inlet and the other ends of 
said motors are connected to said unrestricted 
drain outlet, an advance feed position in which 
the pressure ends of said motors are connected 
to said inlet and the exhaust ends of said motors 
are disconnected from said unrestricted drain 
outlet and connected to said restricted drain out 
let, and a stop position in which said motors are 
disconnected from said inlet and said unre 
stricted drain outlet, a pilot valve for effecting 
movement of said control valve selectively into 
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feed position during the approach movement or 
into stop position during the reverse movement, 
and when said main valve is in stop position 
closing said restricted drain outlet, and a Second 
pilot valve for effecting movement of said Con 
trol valve selectively into approach position for 
rapid traverse or feed depending on the position 
of said first mentioned pilot valve, or into re 
verse position when said first mentioned pilot 
valve is out of stop position. 

3. In a self-contained hydraulic power uni 
adapted to be housed in a casing mounted upon 
a machine frame with a spindle mounted in Said 
casing for rotation and axial reciprocation, the 
combination of a hydraulic transmission for re 
ciprocating said spindle, a source of pressure 

10 
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fluid, an unrestricted drain, a restricted drain 
including a throttle orifice, a control valve re 
versibly adjustable to connect said source selec 
tively to opposite ends of said transmission and 
adjustable during spindle movement in one di 
rection to connect the exhaust from said trans 
mission selectively to said restricted drain or to 
both of said drains and movable into stop posi 
tion to disconnect said transmission from said 
source and said unrestricted drain, and a plu 
rality of pilot valves operable conjointly to con 
trol said control valve, one of said pilot valves 
being operable to block said restricted drain 
when said control valve is in stop position. 

4. A self-contained hydraulic power unit com 
prising, in combination, a casing adapted to be 
mounted upon a machine frame, a spindle mount 
ed in said casing for rotation and axial recipro 
cation, a hydraulic transmission embodying a 
plurality of cylinders having pistons reciprocable 
therein and interconnected to move in unison for 
reciprocating said spindle, a source of pressure 
fluid, a drain, and means including a control 
valve for connecting a selected number less than 
all of said cylinders to said source and drain and 
for also simultaneously directing at least a portion 
of the pressure fluid from the forward face of a 
non-selected one of the pistons substantially di 
rectly to the rear face thereof and independently 
of said drain. 

5. In combination, a hydraulic transmission for 
reciprocating a machine tool element, a Source of 
pressure fuid, an unrestricted drain and a plu 
rality of restricted drains, means for individu 
ally adjusting the restriction of said restricted 
drains, and means including a main control valve 
for connecting said transmission reversibly to 
said source and said unrestricted drain to impart 
rapid advance and return movements to the ma 
chine tool element, said last mentioned means 
alternatively being operable to disconnect said 
transmission from said unrestricted drain and 
to Connect said transmission to said source and 
to one of said restricted drains for a slow feed 
movement of the machine tool element in a for 
Ward direction, and including a pilot valve for 
selecting the one of the plurality of the restricted 
drains to which said transmission is connected to 
thereby control the rate of feed in accordance 
with the adjustment of the restriction in the se 
lected restricted drain. 

6. In combination, a hydraulic transmission 
embodying a plurality of cylinders having pis 
tons reciprocable therein and interconnected to 
move in unison for reciprocating a machine tool 
element, a source of pressure fluid, an unre 
stricted drain and a plurality of restricted drains, 
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5 
of said restricted drains, means including a main 
control valve for connecting a selected number 
less than all of said cylinders reversibly to said 
source and said unrestricted drain to impart 
rapid advance and return movements to the ma 
chine tool element and for also alternatively con 
necting all of said cylinders reversibly to said 
source and one of said restricted drains for a 
slow feed movement of the machine tool element - 
in one direction, said last mentioned means in 
cluding a single pilot valve selectively adjustable 
for determining in the movement in said one di 
rection the number of cylinders to which fluid is 
supplied through said main valve from said 
source and also the one of said restricted drains 
to which the selected cylinders are connected. 

7. The combination with a hydraulic transmis 
sion for reciprocating a machine tool element at 
a plurality of selected speeds, and means includ 
ing a rotary pilot valve for controlling the speed 
setting of said transmission, of a pair of spaced 
elongated members rigid with said machine tool 
element and paralleling its path of movement, 
an oscillatable actuator for said pilot valve pro 
jecting between said members with its axis of os 
cillation transverse thereto, and dogs' adjustably 
mounted on said members for engagement with 
said actuator in the reciprocation of said ma 
chine tool element, the ones of said dogs on op 
posite ones of said members actuating to oscillate 
said actuator in respectively opposite directions 
during the course of longitudinal movement of 
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said members in one direction. 
8. The combination. With a hydraulic transmis 

sion for reciprocating a machine tool element se 
lectively at a feed rate, at a rapid advance rate 
or at a rapid return rate, means including a first 
rotary pilot valve for reversing the direction of 
movement of the transmission, means including 
a second rotary pilot valve for changing the 
Speed of the transmission and for stopping the 
Same, of a pair of Spaced elongated bars rigid 
with said machine tool element and paralleling 
its path of movement, Oscillatable actuators for 
said pilot valves projecting between said bars 
with their axes of oscillation transverse thereto, 
and dogs adjustable longitudinally of said bars 
for engaging and moving said actuators in the 
Course of reciprocation of said machine tool ele 
ment to control cyclically the operation of said 
transmission, said dogs including at least two 
arranged to Operate the actuator of said second 
pilot valve and disposed on respective ones of 
Said pair of bars, whereby to shift said second 
valve in opposite senses during movement of said 
machine tool element in one direction. 

9. The combination with a variable speed drive 
mechanism for a reciprocable machine tool ele 
ment, of a pair of elongated Spaced. members 
fixed to the element and movable longitudinally 
with it, means including an Oscillatable device 
projecting between said members and transverse 
to them for controlling the operation of Said 
drive in response to Oscillation of Said device, 
and abutments adjustably mounted on respective 
ones of said members at points spaced along Said 
members from each other for contacting said 
device and oscillating it in respectively opposite 
directions during movement of the element in 
one direction. 

10. In a self-contained hydraulic power unit 
adapted to be housed in a casing supported upon 
a machine frame with a spindle mounted in said 

means for individually adjusting the restriction 5 casing for rotation and axial reciprocation, the 



6 
combination of a hydraulic transmission for re 
ciprocating said spindle, a source of pressure 
fluid, an unrestricted drain, a restricted drain 
including a throttle orifice and connected to said 
transmission to receive fluid discharging there 
from in one direction of movement, a control 
valve reversibly adjustable to connect said Source 
selectively to opposite ends of said transmission 

... and adjustable during Spindle movement in said 
one direction of movement to connect the ex 
haust from said transmission to said unrestricted 
drain for rapid traverse or to disconnect said 
exhaust from said unrestricted drain for feed 
movement and movable into stop position to dis 
connect said transmission from both said source 
and said unrestricted drain, and a plurality of 
pilot valves operable conjointly to control said 
control valve, one of said pilot Valves being oper 
able to block said unrestricted drain when said 
control valve is in stop position. 
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11. The combination with a variable speed 

drive mechanism for a reciprocable machine tool 
element, of a support for said element having a 
recess in one side, a pair of elongated spaced 
members fixed to said element and movable 
within said recess longitudinally with said ele 
ment, means including an oscillatory device pro 
jecting between said members and transverse 
thereof for controlling the operation of Said drive 
mechanism by reverse Oscillation of said device, 
said device being mounted on a shaft journaled 
in said support and projecting to opposite sides 
thereof to permit actuation from either end, and 
abutments adjustably mounted on respective ones 
of Said members at Spaced points along said mem 
bers from each other for contacting said device 
and oscillating it respectively in opposite direc 
tions during movement of Said element in one 
direction. 
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