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UNITED STATES 

2,526,034 

PATENT OFFICE 
2,526,034 

SMALL HYDRAULCUNT 
Max A. Mathys, Detroit, Mich, assignor to 

Ex-Cell-O Corporation, Detroit, Mich., a cor 
poration of Michigan 
Application June 27, 1947, serial No. 757,562 

(C. 60-52) 21 Claims. 

The present invention pertains generally to an 
improvement in a hydraulic power system of the 
general type disclosed in applicant's prior Patent 
No. 2,416,339 and his copending application 
Serial No. 473,490, filed January 25, 1943, now 
Patent No. 2,427,970 issued Sept. 23, 1947. More 
specifically, the invention relates to improved 
actuating means for a hydraulic control valve, 
having particular, but by no means exclusive, 
utility in a small, self-contained, hydraulic power 
unit for a machine tool. 
One of the objects of the invention is to pro 

vide a unit of the character set forth and hav 
ing improved actuating means for the main con 
trol valve whereby the necessity for pilot valves, 
auxiliary actuating valves and complex mechani 
cal linkages is completely eliminated. 
Another object of the invention is to provide 

a valve member shiftable into a plurality of Con 
trol positions as an incident to the shifting of 
an abutment member into a lesser number of 
positions. A related object is to provide actu 
ating means for the valve member comprising a 
movable abutment effective to directly position 
the valve member in certain steps of a sequence 
and to indirectly position the valve member in 
the remainder of the steps of Such Sequence. 

0 

15 

20 

2 5 

A further object is to provide valve actuating , 
means of the above type including a plurality 
of means for applying forces to the valve member 
and also including a means for governing the se 
quential application of various force combina 
tions to the valve member by the force-applying 
e2S. 

Still another. object is to provide a unit of the 
character set forth and having valve actuating 
means responsive to the actuation of a preSSure 
sensitive switch for automatically returning the 
valve to a stop position when the pressure in 
the system exceeds a predetermined value. 
A further object is to provide a hydraulic unit 

of the foregoing type and which will be compact, 
Simple, and suitable for high spindle speeds. 
Other objects and advantages will become ap 

parent as the following description proceeds, 
and from the accompanying drawings, in which: 

Figure 1 is a diagrammatic view of an ex 
emplary System embodying the present inven 
tion. 

Fig. 2 is a fragmentary side elevational view 
of the upper portion of an illustrative unit 
employing the System of Fig.1. 

Fig. 3 is a fragmentary plan view of the unit 
shown in Fig. 2. 
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2 
Fig. 4 is a fragmentary transverse sectional 

view of the upper portion of the unit taken in 
the plane of line 4-4 in Fig. 2. 

Figs. 5 through 8 inclusive are fragmentary 
vertical Sectional views taken longitudinally 
through the main control valve with the latter 
respectively shown in the Rapid Traverse For 
ward, First Feed Forward, Rapid Traverse Re 
turn, and Stop positions. 

Fig. 9 is an enlarged fragmentary vertical 
sectional view through the pump pressure limit 
ing valve. 

Fig. 10 is a wiring diagram showing the vari 
Ous electrical controls for the unit, 

Figs. 11 and 12 are fragmentary views of a 
modified linkage for coupling the movable core 
of the Solenoid to the valve plunger. 
While the invention is susceptible of various 

modifications and alternative constructions, a 
preferred embodiment has been shown in the 
drawings and Will be herein described in some 
detail, but it is to be understood that there is 
no intention to limit the invention to the specific 
form disclosed, the intention being, on the con 
trary, to cover all modifications, and alternative 
constructions falling within the spirit and scope 
of the invention as expressed in the appended 
claims. 
Turning now to Fig. 1, an illustrative system 

embodying the present invention is there shown 
comprising a hollow housing 20 which may be 
readily bolted to any appropriate support (not 
shown). Mounted within the housing 20 are 
the various Sub-assemblies that make up the 
complete unit, such as a variable delivery motor 
driven pump 2, a hydraulic actuator 22, a main 
control valve member 24, feed control orifices 25 
and 26, and a pressure limiting valve 28. 
The pump 2 is of the variable delivery class 

and preferably of the Swash plate type, although 
other variable delivery pumps may be found 
satisfactory. Briefly, the pump includes a plu 
rality of plunger devices carried by a rotatable 
cylinder body 29, the plungers being arranged 
in an annular pattern with their axes parallel 
to the rotational axis of the cylinder body. A 
rockable swash plate 30 is pivotally mounted with 
its face in abutment with the outer ends of the 
pump plungers, the pivot point being located so 
as to balance the plunger reaction on both sides 
thereof. When the swash plate 30 is parallel 
with the end of the cylinder body 29, the fluid 
delivery rate of the pump is at the minimum or 
Zero value. However, as the swash plate is tilted 
with respect to the end of the cylinder body 29, 
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the fluid delivery rate of the pump approaches its 
maximum value. The swash plate 30 is carried 
by a supporting block 3 f having an adjusting 
arm 32 for altering the angular position of the 
plate. A tensile spring 34, which is connected 
between a fixed point in the housing 20 and the 
outward end of the arm 32, tends to urge the 
SWash plate toward a position of maximum 
angularity and hence maximum fluid delively. 
Also connected to the outward end of the arm 
32 by means of a link 35 is a hydraulic plunger 
36, the latter serving, when Subjected to Suff 
cient hydraulic pressure, to oppose the Spring 
34 and to rock the Swash plate 30 into a parallel 
position with respect to the end cf the cylinder 
body 29, thus reducing the fluid delivery rate of 
the pump. 
The hydraulic actuator 22 comprises a tubular 

quill 38 which is mounted for reciprocation in 
a cylindrical bore 39, the annular space between 
these members serving as a piston chamber 40. 
The quill 38 rotatably supports a tool Spindle 4, 
the details of which are not important here, 
other than the fact that the Spindle is supported 
for reciprocation as Well as rotation. Interme 
diate the ends of the quill, a sleeve-like piston 
42 is formed unitary therewith, and in the 
present instance the piston is of the differential 
type with its rearward area, approximately equal 
to twice its forward area. 
The main control valve 24 is provided for the 

purpose of governing the movements of the ac 
tuator 22. This is accomplished by interposing 
the valve between the pump 2 and the actuator 
22 and connecting these members by means of 
suitable hydraulic conduits. Thus fluid is drawn 
from a reservoir or Sump 44 via a Suction line 
45, is delivered by the pump 2 to the main con 
trol valve 24 via a pressure conduit 46 and branch 
lines 48, 49, thence passing to one or both ends 
of the piston chamber 40 via lines 50, 5. Fluid 
may be exhausted from either end of the piston 
chamber 40 via the line 50 or 5, leaving the 
main control valve 24 via branch line 52, 54, or 
55 and entering an exhaust conduit 56 Which dis 
charges into the sump 44. The adjustable feed 
orifices 25 and 26 are connected respectively into 
branches 54 and 55, the former serving to meter 
into the exhaust conduit fluid discharged from 
the control valve 24, thereby varying the back 
pressure in a pump control line 58 and thus regul 
lating the rate of delivery of the pump 2. 
The main control valve 24 is of the reciprocable . 

as distinguished from the rotary type, being 
slidably disposed and axially shiftable within a 
ported cylindrical bore 59 in the housing 20 and 
adapted to define an Cperating cycle for the ac 
tuator 22. Basically, the valve comprises an 
axially shiftable plunger or spool 60 having a 
plurality of annular shoulders and grooves there 
on which, in cooperation with the ports in the 
cylindrical bore, permit the valve to be employed 
in a series of successive steps or control positions, 
including Stop, Rapid Traverse Forward, First 
Feed Forward, Second Feed Forward, and Rapid 
Traverse Return. These will be discussed below 
in the foregoing order. 

Referring to Fig. 8, the main control valve 24 
is shown in the Stop position, from which it may 
be shifted rightwardly to begin an operating cycle 
for the actuator 22. When the valve. 24 is 
in this position, the actuator is in its fully re 
tracted position within the cylinder 39. The 
pressure conduit 46, via its branch 49 is then 
directly connected to the pump control line 58 
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4. 
in order to maintain the swash plate 30 substan 
tially parallel to the end of the cylinder block 
29 and thus keep the pump 2 in a condition of 
minimum fluid delivery. This arrangement is 
achieved by means of an inlet port 6 in the valve 
cylinder 59 connecting the branch line 49 to the 
latter, an outlet port 62 in the valve cylinder 
connecting the latter with the branch discharge 
line 55 which in turn communicates with the 
pump control line 58, and an annular groove 64 
in the valve spool 60, the groove partially over 
lying both of the ports 6, 62. The circuit may 
readily be traced by reference to Fig. 8, taken 
in connection with the system illustrated in Fig. 
1. Its course is as follows: pressure conduit 43, 
branch line 49, inlet port 6, groove 64 of the 
Valve Spool, Outlet port 62, branch discharge line 
55, and pump control line 58. As a natural con 
sequence of this position of the valve spool 6, 
Some pressure fluid will pass from the groove 63 
through a port 65 and thence to the forward end 
of the actuator piston chamber 40 via the con 
duit 5. Because of the circuit just described 
any pressure in such fluid will merely produce 
a gentle restraining force upon the forward face 
of the piston 42 tending to hold the actuator 22 
in the retracted position. 
Upon the initiation of the operating cycle, th 

Spool 60 of the valve 24 is shifted to its extreme 
right-hand or Rapid Traverse Forward position, 
as represented in Fig. 5, and which causes the 
actuator 22 to move in a forward or outward 
direction. When the valve is in this position, 
fluid under pressure is conducted to both ends 
of the actuator piston chamber 40 via the lines 
50 and 5, Subjecting both sides of the piston 42 
to preSSure. Due to the difference in area be 
tween the forward and rearward sides of the 
piston 42, the latter will move forward at a rate 
proportional to such area difference and also 
proportional to the pump discharge preSSure. 
Communication between the pressure conduit 46 
and the valve cylinder 59 now occurs via the 
branch line 48 and an inlet port 66, as well as 
through the branch 49 and its inlet port 6 f. 
Within the cylinder 59, an annular groove 68 in 
the valve spool connects the inlet port 6 with 
the port 65, while another annular groove 69 in 
the spool 60 connects the port 66 with a port 
70. These grooves permit fluid under pressure 
to enter the actuator lines 50 and 5 through 
the ports 79 and 65, passing from the former to 
their respective ends of the piston chamber 40. 
Although pressure is applied to both sides of the 
piston 42, it will be noted that there is no return 
flow of fluid from the actuator 22 to the exhaust 
line 56, the lands of the valve spool 60 completely 
isolating the discharge lines 52, 54, 55 from the 
actuator lines 50, 5. Due also to such isolation, 
the pump control line 58 is allowed to communi 
cate with the exhaust conduit 56 and the pump 
2 therefore operates at maximum fluid delivery. 
Turning to Fig. 6, the First Feed Forward 

position of the valve 24 is there shown, tha valve 
Spool 60 having been shifted one step to the left. 
Under this condition, the valve is arranged to 
admit fluid under pressure to the rearward end 
of the piston chamber 40 and exhaust it from 
the forward end at a predetermined rate gov 
erned by the setting of the first feed orifice 25. 
The application of pressure to the large rear 
ward area of the piston 42 produces the substan 
tial force necessary to move the actuator 22 and 
the tool spindle 4 against the resistance offered 
by the workpiece, while the use of the orifice 25 
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in the exhaust circuit from the piston chamber 
40 insures that the actuator will be advanced at 
the proper feed rate. For the purpose of obtain 
ing a pump delivery rate commensurate with the 
feed rate determined by the setting of the first 
feed orifice, the valve 24 connects the discharge 
line from the piston chamber 40 to the pump 
control line 58. The foregoing circuitS may be 
followed by reference to Figs. and 6. Fluid 
under pressure passes from the branch 48 of the 
pressure conduit 46 and into the Valve cylinder 
59 via the inlet port 66. The annular groove 69 
in the valve spool 60 connects the port 66 with 
the port 70 and the actuator conduit 50, the latter 
admitting the pressure fluid to the rearward end 
of the piston chamber 40. Fluid discharged from 
the forward end of the chamber 40 is conducted 
by the actuator line 5 to the port 65, from which 
it passes along the annular groove 64 in the valve 
spool. The groove 64 is positioned to overlie the 
exhaust port 62 of the exhaust branch line 55, 
and to overlie partially a port communicating 
with the exhaust branch line 54. The latter 
conducts the discharged fluid to the first feed 
orifice 25 which meters it into the exhaust con 
duit 56. Fluid entering the port 62 is directed 
by the branch line 55 into the pump control line 
58 for the purpose already explained. The Sec 
ond feed orifice 26, being by-passed in this ar 
rangement, is thereby rendered ineffective. 
The Valve 24 in its Second Feed Forward 

position is illustrated in Fig. 1, the Spool 60 have 
ing been moved another step to the left. The 
valve 24 now admits fluid under pressure to the 
rear Ward end of the piston chamber 40 and per 
mits it to be exhausted therefrom at a prede 
termined rate governed by the settings of both 
the feed orifices 25 and 26. Pressure fluid is 
applied to the rearward area of the piston 42 in 
the Same manner as that obtaining in the First 
Feed Forward position, namely, from the pres 
sure conduit 46 into the cylinder 59 via the 
branch line 48 and the inlet port 66, along the 
annular groove 69 in the valve spool 60, out 
through the port 70 and into the rearward end 
of the piston chamber 40 via the actuator line 50. 
Fluid discharged from the forward end of the 
chamber 40 passes into the cylinder 59 via the 
actuator line 5 and the port 65. However, the 
groove 64 now overlies only the ports 65 and 62, 
the port of the branch line 54 being isolated 
from the port 62 by an annular land 72 on the 
valve Spool. Thus the discharged fluid is con 
ducted from the port 65 to the port 62, via the 
groove 64, thence passing along the branch line 
55 through the Second feed orifice 26 and also 
through the first feed orifice 25, finally entering 
the exhaust conduit 56 which empties into the 
Sump 44. Since the Orifices are connected in 
Series under the above conditions, the piston 42 
and consequently the actuator 22 will move out 
Wardly at a rate determined principally by the 
Sun of the restrictive effects of the orifices. In 
the event that the latter when in series provide 
more resistance, to fluid flow than is needed to 
achieve a given rate of actuator movement, such 
rate may be increased through the expedient of 
by-passing a relatively Small quantity of the fluid 
discharged from the Orifice 26, via the branch 
line 54, the port , an annular groove 74 in the 
Valve Spool which barely communicates with the 
port , an exhaust port 75, and the branch 52, 
to the exhaust conduit 56. As in the case of the 
First Feed Forward position, fluid from the 
branch line 55 is admitted to the pump control 
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line 58 for the purpose of securing the proper 
fluid delivery rate. 
The Rapid Traverse Return position of the valve 

24, and which represents the extreme leftward 
position of the valve spool 60, is shown in Fig. 7. 
The main branch 48 of the pressure conduit 46 
is now completely blocked off by a land 6 on the 
valve spool, and consequently no fluid under pres 
sure is supplied to the rearward end of the piston 
chamber 40 or the rearward face of the piston 42. 
Pressure fluid is, however, admitted to the for 
ward end of the chamber 40, exerting a force On 
the piston 42 tending to return the actuator to 
its retracted position. This circuit includes the 
branch 49, the intake port 6, the annular groove 
64, the port 65, and the actuator line 5 which 
communicates with the chamber 40. Fluid dis 
charged from the rearward end of the chamber 
40 passes through the actuator line 50, and port 
70, the annular groove 69, the exhaust port 5, 
and thence to the branch 52 of the exhaust 
line 56. The application of fluid pressure to the 
forward face of the piston 42, together with the 
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unrestricted exhaust path for the fluid dis 
charged from the rearward end of the piston 
chamber 40, results in a high speed return of 
the actuator 22 to its retracted position, thus 
Completing the operating cycle. Another con 
tributing factor to such speed is the fact that 
the pump control line 58 is connected directly to 
the exhaust line 56 via the ports 62, 75, and the 
groove 74 in the valve spool, producing the maxi 
mum fluid delivery rate for the pump. 

Actuation. Of control)ale 
For the purpose of moving the plunger of the 

valve 24 through a series of successive steps in 
timed relation to the axial movements of the 
actuator 22 and the tool spindle 4, thereby de 
fining an operating cycle, means are provided for 
the application of four external forces to the 
plunger 60. These forces are applied sequen 
tially in combinations governed by the position of 
still another means in the form of a movable 
abutment member, which, although shiftable into 
a lesser number of releasable positions than the 
Valve plunger, actually causes the plunger to oc 
cupy a greater number of positions than such 
means. In the illustrative embodiment (Fig. 1 to 
8 inclusive), the movable abutment comprises a 
rocker arm 8 depending from a pivotal support 
T9 carried by an extension 80 of the unit housing 
20. An adjustable frictional device such as a 
disk Spring 8 f is associated with the support 80 for 
enabling the arm to withstand a predetermined 
force without moving. 
The rocker arm 78 is coupled to two other 

members of the valve assembly, namely, the 
valve plunger 60 and a limit switch LS, by means 
of a pair of lost-motion connections. For en 
gaging the valve plunger, the arm 78 is provided 
with a rigidly attached transverse pin 82 disposed 
between and projecting into the path of a pair 
of axially spaced apart shoulders 84, 85, formed 
in the valve plunger adjacent its rearward or 
inner end. For engaging the limit switch LS, the 
arm 78 has associated therewith an operating bar 
86 having abutments interposed in the path of 
the lever near each extreme of its travel. Pref. 
erably, the bar 86 is formed as a flat plate with 
an elongated slot for the lever, as indicated in 
Fig. 2, but for purposes of clearer illustration the 
bar has been represented in FigS. 1 and 5 to 8 as 
a rod carrying abutments in, the form of a pair 
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of spaced apart nuts 88, 89 which are engageable 
with the arm 8. 
The force-applying means earlier referred to 

include a longitudinally movable dog bar or trip 
ping bar 90 rigidly coupled at its outer end to the 
bearing housing of the tool spindle 4f, as indicated 
schematically in Fig. 1, and arranged to move the 
rocker arm 78 through a series of successive 
angular positions with respect to the axis of the 
valve plunger 60; electromagnetic means such 
as a solenoid 9 having a movable core 92 and 
acting through a slidable tension rod 94 and an 
internal compression spring 95 which are housed 
within an axial bore 96 in the valve spool 60, 
as shown in Figs. 1, and 5 to 8; the disk spring 
friction means 8 associated with the pivotal 
mounting of the arm 78, illustrated in Fig. 4; and 
a relatively weak second compression spring 98 
encircling the forward or outer end of the valve 
spool 60, being disposed between an adjustable 
collar 99 threaded on the valve spool and the unit 
housing 20 so as to exert a yieldable thrust or 
bias tending to move the spool 60 to the extreme 
left. 

Referring more particularly to the drawings 
just mentioned, the dog bar 90 has a T-shaped 
slot 00 milled therein for receiving a plurality 
of axially adjustable, Spaced-apart tripping dogs. 
In the embodiment illustrated, going from left to 
right, these include a stop dog of, a one-direc 
tional first feed dog 02, a one-directional second 
feed dog 04, and a reverse dog 05. The end of 
the rocker arm 78 is slightly narrower than the 
width of the upper portion of the slot 00, en 
abling it to be projected into the slot and con 
Sequently into the path of movement of the dogs. 
Thus each dog is arranged to apply a positive, 
intermittent force to the valve spool 60 at a dif 
ferent point in the cycle, assuming the slack 
has been taken up in the lost-motion connection 
between the rocker arm and the valve spool. 
AS already indicated to some extent, one of the 

means for taking up the slack in the lost-motion 
connection between the arm 78 and the valve 
Spool 60 comprises the solenoid 9t. When the 
latter is energized, a yieldable thrust is exerted 
upon the valve spool 60 through the movable 
core 92 of the Solenoid, the tension rod 94, and 
the internal compression spring 95, tending to 
move the valve spool to the right. This thrust 
or force is transmitted to the rocker arm through 
the shoulder 84 and the transverse pin 82. 

After a dog has passed out of contact with the 
lower end of the rocker arm 78, the friction means 
8 associated with the pivot thereof becomes 
effective to hold the arm in the position deter 
mined by Such dog until the arm is acted upon by 
the next dog, the means 8 offering a force in 
Opposition to any thrust produced by the solenoid 
9 as well as to the biasing force of the external 
Compression Spring 98. 
The Small biasing force of the external com 

pression Spring 98 is constantly exerted upon the 
forward or outer end of the valve spool 60, tend 
ing to urge the former to the extreme left or 
Rapid Traverse Return position shown in Fig. 7. 
This force is rendered effective only after the 
Solenoid 9 has been deenergized and the rocker 
arm has been moved clockwise from the position 
it occupies when the valve spool is in the Stop 
position. 
The relationship of the various positioning 

means discussed above will be better understood 
following a brief description of the manner in 
Which they are COOrdinated to actuate the wave 
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8 
24. Considering first the Stop position, illustrated 
in Fig. 8, it will be observed that the rocker arm 
78 occupies its extreme counterclockwise position, 
having been moved there by the stop dog to 
On the dog bar 90. The solenoid 9, being de 
energized, exerts no force on the valve spool 60 
and, as a consequence, the latter is shifted left 
Wardly by the external compression spring 98 so 
as to bring the shoulder 85 into abutment with 
the pin 82 of the rocker arm 78. With the spool 
60 in the position shown, the fluid delivery rate 
from the pump 2 is heid at a minimum and the 
actuator 22 remains in its fully retracted con 
dition. ASSume now that the solenoid 9 be 
comes energized by the depression of an appro 
priately connected Starting switch. The valve 
Spool 60 will be immediately shifted to the right 
due to the thrust exerted thereon through the 
movable core 92, the tension rod 94, and the in 
ternal compression Spring 95, bringing the shoul 
der 84 into abutment with the pin 82 of the rocker 
arm 78, and thereby taking up in one direction 
the slack in the lost-motion connection between 
the rocker arm and the valve plunger or spool. 
Notwithstanding the fact that such slack or lost 
motion is fully taken up by the thrust of the 
Solenoid, the friction means 8 serves to prevent 
the rocker arm from being rotated in either di 
lection except in response to the considerable 
force exerted by the dog bar through the trip 
ping dogs. The valve spool 60 is now in the Rapid 
Traverse Forward position, shown in Fig. 5, 
causing the actuator 22 to move leftwardly or 
forwardly and to pull with it the dog bar 90. 
This continues until the first feed dog O2 is 
Cammed against the lower end of the rocker arm 
78, rotating the latter clockwise through a pre 
determined angle. Since the Solenoid remains 
energized, the pin 82 will remain in abutment 
with the shoulder 84 and the valve spool 60 will 
therefore be positively positioned in response to 
the positioning of the rocker arm, which further 
compresses the Spring 95. The valve Spool 60 
is now in the First Feed Forward position, as 
indicated in Fig. 6, and the actuator 22 will con 
tinue its leftward or forward movement at a feed 
rate predetermined by the setting of the first 
feed orifice 25. This motion continues until the 
second feed dog 04, which projects higher than 
the dog 02, engages the lower end of the rocker 
arm 78, shifting the latter clockwise through 
another angle. The abutting relationship be 
tween the shoulder 84 and the pin 82 persists 
due to the fact that the Solenoid 9 is still en 
ergized, enabling the rocker arm 78 to move the 
valve spool 60 positively and directly into the 
Second Feed Forward position, illustrated in Fig. 
1. The leftward or forward motion of the a,c- 
tuator 22 will continue but at a feed rate de 
termined principally by the combined settings of 
both feed orifices 25 and 26. The dog bar 90 of 
course moves with the actuator 22, eventually 
bringing the reverse dog (5 to a point where it 
cams the rocker arm 78 clockwise to the extreme 
position of the latter. As an incident to its 
clockwise travel, the arm 78 is brought into en 
gagement with the left abutment 88 of the limit 
Switch operating bar 86, moving the latter to 
the left and opening the limit Switch LS. Loue 
to the fact that the SWitch LS is connected in 
Series with the Solenoid 9, the opening of the 
former will deemergize the Solenoid and thereby 
permit the valve spool 60 to be moved to its ex 
treme left position under the biasing force of the 
external compression spring 98, at the same time 
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moving the shoulder 84 out of contact with the 
pin 82 on the rocker arm. This locates the valve 
spool 60 in the Rapid Traverse Return position, 
shown in Fig. 7. The forward or outward mo 
tion of the actuator 22 and the dog bar 90 is thus 
arrested and reversed, the actuator 22 now start 
ing to move toward its retracted position. This 
motion continues without interruption by the 
one-directional feed dogs O2 and 04, which 
when traveling in the reverse direction, merely 
tilt out of the way in the event of contact with 
the lower end of the rocker arm T8. The latter, 
however, remains in its extreme clockwise posi 
tion until engaged by the stop dog 0 , where 
upon it is moved counterclockwise to the position 
indicated in Fig. 8. As an incident to the Coun 
terclockwise motion of the rocker arm, the pin 
82 moves across the lost-motion space and into 
abutment with the shoulder 85, rendering the 
rocker arm effective to move the valve spool 60 
positively and directly to the right until it oc 
cupies the Stop position shown in Fig. 8. The 
rocker arm in the course of its counterclockwise 
movement also closes the limit switch LS due 
to engagement with the right-hand abutment 89 
of the switch operating bar 86. Depending upon 
the arrangement of the electrical controls, the 
closing of the limit switch may or may not be 
effective to energize the solenoid 9 and initiate 
another operating cycle. 

It will be appreciated from the foregoing that 
the rocker arm T8, by reason of being shifted 
through a series of four successive angular posi 
tions, is utilized to define accurately the five Suc 
"cessive steps or control positions assigned to the 
valve spool or plunger 60. Due to the use of the 
lost-motion connections between the rocker arm, 
the valve plunger, and the limit switch, the rocker 
arm is rendered effective when the Solenoid is 
energized to directly position the valve plunger 
in certain of the successive steps or control posi 
tions of the latter, the arm also being rendered 
effective when the solenoid is deemergized to in 
directly position the plunger in the remainder of 
the control positions thereof. Thus the plunger 
60 is directly positioned hy the rocker arm 8 in 
the steps of stop, Rapid Traverse Forward, First 
Feed Forward, and Second Feed Forward; the 
plunger is indirectly positioned by the rocker arm 
in the step of Rapid Traverse Return. 

Electrical control circuit 
Turning to the schematic wiring diagram of Fig. 

10 it will be noted that three phase A. C. power is 
supplied to the unit through the lines L., L2, L3 : 
and main line switch 06. An electrical motor 
O8, which serves as the driving means for the 

entire unit, obtains power from this Supply 
through contacts CR, f -2, 3 and 4 of a motor con 
trol contactor CR-f. Power for a Single phase 
control circuit LO, L30 is derived from phase L., 
L3 through a control transformer f09. This cir 
cuit includes the motor control contactor CR-, 
the solenoid 9, and a contactor CR-2 for the 
solenoid, together with various control switches. 
The motor 08 is controlled by means of the con 
tactor CR- which, when energized in response 
to the closing of a started switch fo, completes 
a circuit through the line contacts CR-2, 3 and 4, 
also simultaneously closing a pair of Sealing-in 
contacts CR -f, the latter being connected in 
parallel with the starter switch. The motor is 
stopped by denressing the plunger of a stop switch 

which interrupts the circuit of the con 
tactor CR-1, thereby opening the contacts 
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CR- and CR-2, 3 and 4. The contactor CR-2 
is arranged to energize the solenoid 9 through 
the closure of contacts CR2-. To this end, there 
is connected in series with the contactor the limit 
Switch LS, a cycle starter switch 2, a selector 
Switch f 4, and an emergency cycle stop switch 

5. A pair of sealing-in contacts CR2-2 are con 
nected in parallel with the switches 2 and f4 
for holding in the contactor following the mo 
mentary closure of the switch 2. Assuming that 
the plunger 60 of the valve 24 is in the Stop posi 
tion and that the limit switch LS is therefore 
closed, if it be desired to initiate only a single com 
plete operating cycle the selector switch 4 would 
be raised to its upper position. The emergency 
cycle stop switch 5 being normally closed, it 
then becomes possible to energize the contactor 
CR-2 and hence the solenoid 9 by momentarily 
depressing the plunger of the cycle starter switch 
f2, the Sealing-in contacts CR2-2 serving there 
after to keep the circuit closed. The energizing 
of the solenoid 9 serves to shift the valve spool 
60 into the Rapid Traverse Forward position and 
the actuator 22 is consequently put through the 
previously described steps of the operating cycle. 
When the actuator reaches the forward extreme 
of its travel, the reverse dog 05 engages the rock 
er arm 78 causing the latter to open the limit 
switch LS, deemergizing the contactor CR-2 and 
consequently the solenoid 9. The actuator 22 is 
thereupon returned automatically to the Stop po 
sition, thereby completing the cycle. Note that 
the closing of the limit switch upon the return of 
actuator to the Stop position is ineffective to initi 
ate another cycle with the arrangement just de 
scribed. If it be desired that the cycle should be 
automatically repeated, it is merely necessary to 
move the selector switch ft 4 to its lower position 
(indicated in broken lines in Fig. 10), thus ren 
dering the limit Switch effective to initiate the 
next cycle automatically upon the completion of 
the preceding One. 

Safeguards 
Various safeguards, both hydraulic and electri 

cal, are incorporated into the unit to make it more 
reliable and foolproof than prior units. Referring 
to Figs. 1 and 9, one hydraulic Safeguard resides 
in the use of the overload valve 28. This valve 
comprises a stationary bushing f 8 mounted with 
in a suitable bore 9 in the unit housing. Formed 
at either end of the bore and in communication 
therewith are an upper pressure chamber 20 and 
a lower pressure chamber 2f. A hollow plunger 
22 is slidably disposed within an axial bore 23 

in the bushing 3 and is held in place by means 
of a compression spring 24 acting upon its up 
per end through a collar 25. Radial passages 26 
and 28 in the plunger respectively connect a 

, Small diameter axial bore 29, which is closed at 
both ends, with annular perinheral grooves 30 
and 3, the groove 30 being tapered and located 
in the upper portion of the plunger. Intermediate 
its ends, the bushing f8 is also provided with a 
pair of annular grooves 32, 34 in its external pe 
riphery and which communicate with the bore 
23 therein via radial passages 36 and 38, re 

spectively. The lowermost pressure chamber 2 
of the valve is connected to the pressure conduit 
46 via a branch line 39 while the upper pressure 
chamber 20 communicates with the pump control 
line 58 via a branch line 40. The uppermost an 
nular grove 32 in the bushing f8 is connected 
directly to the exhaust conduit 56 through the 
branch 4. In operation, the plunger 22 Occu 
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pies the position shown in the drawings as long 
as the pressure in the conduit 46 remains below 
a predetermined value, and there is no flow of 
fluid through the restricted bore 29 since the 
lower peripheral groove 3 is completely blocked 
off. If the pressure in the conduit 46 exceeds the 
predetermined maximum value, the plunger 22 is 
forced upwardly, bringing its lower annular groove 
3 into registry with the passage 38 in the 
bushing and connecting its upper annular groove 
30 with the upper pressure chamber 20. Thus 
high pressure fluid is conducted from the cham 
ber 2, through the passages of the plunger 22 
and into the upper chamber 20, flowing there 
from to the branch line f40 and finally to the 
pressure control line 58. The suddenly increased 
pressure in the line 58 immediately causes the 
Swash plate 30 of the pump to assume its parallel 
position, minimizing the fluid delivery rate of the 
pump. 

Another hydraulic safeguard resides in the 
fact that in the event of a failure of electrical 
power, the constant biasing force of the ex 
ternal compression spring 98 will immediately 
become effective to shift the valve spool 60 to 
either the Rapid Traverse Return or the Stop 
position, depending upon the angular position 
of the rocker arm at the time of the failure. 
One of the electrical safeguards already men 

tioned is the emergency cycle stop switch it 5. 
The opening of this switch deenergizes both the 
contactor CR-2 and the solenoid 9, and the 
Switch is susceptible of actuation at any point 
in the operating cycle of the unit. Once having 
been opened, the Switch 5 does not automati 
cally return to a closed position, but must be 
deliberately closed through the use of a manual 
reset 42. Ordinarily, manual means alone will 
be found Satisfactory for actuating the switch 

5. However, if desired a pressure controlled 
actuator 44, shown schematically as a bellows, 
may be mounted adjacent the operating arm of 
the Switch 5 for opening the latter in the event 
that the pressure in the system becomes exces 
Sive. Such a condition might arise, for example, 
upon the breaking of a tool in the spindle 4 
during one of the feeds of the cycle. Should 
Something of this nature occur, the opening of 
the Switch 5 immediately deenergizes the sole 
noid 9, permitting the valve plunger 60 to be 
shifted immediately through Stop and into the 
Rapid Traverse Return position. In lieu of the 
arrangement described, an equally good alterna 
tive would be the use of a separate pressure 
actuated Switch in series with the switch 5 but 
having its own manual reset. 
The use of a preSSure controlled device with 

the Switch 5, or the use of a separate pressure 
actuated switch in series therewith, and may be 
Selectively employed to provide a dwell control 
feature in the unit. This is helpful where it 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

30 

is necessary to hold the actuator 22 at its for- . 
ward extreme of travel long enough to complete 
a facing-off or similar operation. In such event, 
a rigid mechanical abutment is placed near the 
forward end of the path of the actuator 22, and 
when encountered by the latter a large increase 
in pressure results. By interposing a time delay 
device between the pressure actuator and the 
Switch it becomes possible to delay the automatic 
return of the valve plunger and hence the actua 
tor for the desired period of dwell. If such an 
arrangement is utilized, the closing of any man 
ual reset which might be used is made ineffec 
tive to initiate another cycle until the closing 
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contacts CR2-. 

2 
of the cycle starting switch f2. When operat 
ing on a cycle including dwell return, the pres 
Sure-actuated switch does not serve as an over 
load protective device, and consequently it be 
comes necessary for the operator to observe the 
action of the tool to avoid jamming due to break 
age or other causes. 

Synopsis of operation. 
While various phases of operation have been 

Separately discussed above, it will be helpful to 
present at this stage an overall picture of the 
manner in which the unit works, Assume first 
that the actuator 22 is in the fully retracted 
position and that the plunger of the control valve 
24 is occupying the Stop position as indicated 
in Fig. 8. Under the conditions illustrated, the 
branch 48 of the pressure conduit 46 is com 
pletely blocked off and the fluid from the branch 
49 is short circuited into the pump control line 
58 via the inlet port 6, the groove 64, the port 
62 and the branch line 55. This forces the pump 
control plunger 36 downwardly and causes the 
SWash plate 30 to assume the minimum fluid 
discharge position. The operating cycle is then 
initiated by the momentary depression of the 
plunger of the cycle starter switch 2, ener 
gizing the contactor CR-2, which, in turn, ener 
gizes the Solenoid 9 through the closure of the 

The movable core 92 of the 
Solenoid, together with the tension rod 94 is 
thereby drawn to the right, exerting an axial 
thrust in that direction upon the valve spool 
or plunger 60 through the internal compression 
spring 95. Consequently, the spool 60 is moved 
to the right until its shoulder 84 is brought 
into abutment with the pin 82 of the rocker arm 
78. The frictional means adjacent the pivot of 
the rocker arm enables the latter to withstand 
the thrust of the solenoid, thereby accurately 
locating the valve spool 60 in the Rapid Traverse 
Forward position, shown in Fig. 5. 
With the valve in the Rapid Traverse Forward 

position, pressure fluid is applied to both ends of 
the piston chamber 40, causing the piston 42 of 
the actuator 22 to advance forwardly or out 
wardly at a rate proportional to the ratio be 
tween the areas of the rearward and forward 
faces of the piston. Briefly, the rearward pres 
sure circuit includes the branch 48, the inlet port 
66, the groove 69, the port T0, and the actuator 
line 50; the forward pressure circuit comprises 
the branch 49, the inlet port 6, the groove 68, 
the port 65, and the actuator line 5. Maximum 
fluid delivery from the pump is obtained by con 
necting the pump control line 58 to the exhaust 
conduit S6 via a circuit including the branch 55, 
the port 62, the groove 64, the port 75, and the 
exhaust branch 52. With the advance of the 
actuator 22, the dog bar 90 is also drawn left 
wardly, bringing the first feed dog 02 into en 
gagement with the rocker arm 78 and rotating 
the latter clockwise through a small angle until 
it occupies the position shown in Fig. 6. Since 
the solenoid 9 is still energized, the shoulder 84 
remains in abutment with the pin 82, and the 
rocker arm in its new position therefore defines 
a new position for the valve spool 60. This is the 
First Feed Forward position, whereby pressure 
fluid is applied to the rearward face of the piston 
42 via the branch 48, the inlet port 66, the groove 
69, the port 70, and the actuator line 50. Fluid 
discharged from the forward end of the piston 
chamber 40 is metered through the first feed ori 
fice 25, causing the actuator to advance the tool 
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spindle at a feed rate predetermined by the set 
ting of that orifice. The course of this dis 
charged fluid includes the actuator line 5, the 
port 65, the groove 64, the port 7, and the 
branch line 54. Since the groove 64 Overlies both 
ports 62 and 7 f, some of the fluid is admitted to 
the pump control line to maintain a fluid deliv 
ery rate also determined by the setting of the 
orifice 25. Under these conditions the actuator 
22 and the dog bar 90 will continue to advance, 
bringing the second feed dog 04 into engage 
ment with the rocker arm 78 and rocking the lat 
ter clockwise through another angle to the posi 
tion indicated in Fig. 1. Since the Solenoid 9 
remains energized, it continues to take up the lost 
motion in the connection between the rocker arm 
78 and the valve spool,60, thereby enabling the 
arm to position the valve spool once more, this 
time in the Second Speed Forward position. The 
hydraulic conditions obtaining under these cir 
cumstances are rather similar to those existing 
for First Feed Forward, except. for the fact that 
the combined restrictive effect of the orifices in 
series is now utilized to govern the rate of feed. 
Thus pressure is applied to the rearward end of 
the piston 42 via the branch 48, the inlet port 66, 
the groove 69, the port T0, and the actuator line 
50. Fluid is discharged from the forward end of 
the piston chamber 40 through the actuator line 
5, the port 65, the groove 64, the port 62, the 
branch line 55, the orifice 26, the orifice 25, and 
the exhaust line 56. The port: 7 is isolated by 
the land 72 from the port 62, although a small 
portion of the fluid discharged from the orifice 23 
might be diverted directly into the exhaust line 
through the branch 54, the port 1, the groove 
T4, the port 75, and the exhaust branch 52. Be 
cause of the direct connection between the pump 
control line 58 and the branch 55, the back pres 
sure in the latter, which is determined by the ori 
fice settings, will govern the fluid delivery rate of 
the pump. The actuator and the dog bar 90 will 
continue to move to the left at the Second feed 
rate until the reverse dog fo5 engages the rocker 
arm 8. The arm is thereby moved to its ex 
treme clockwise position, and as an incident to 
such motion it opens the limit Switch LS, de 
energizing the solenoid 9. This releases the 
thrust on the internal compression Spring 95, 
permitting the external compression spring 98 
to take charge, the latter moving the valve spool 
60 to its extreme leftward or Rapid Traverse Re 
turn position. Note, however, that the shoulder 
84 now no longer abuts the pin 82 of the rocker 
arm. The valve in this position admits pressure 
fluid to the forward end of the piston chamber 
40 via the branch conduit 49, the inlet port 6i, 
the groove 64, the port 65, and the actuator line 
5. Fluid is discharged from the rearward end 
of the piston chamber via the actuator line 50, 
the port T0, the groove 69, the exhaust port 5, 
and the branch 52 of the exhaust conduit 56. 
The pump control line 58 is also directly con 
nected to the exhaust line via the branch 55, the 
port 62, the groove 74, the exhaust port '75, and 
the branch 52, causing the pump to be operated 
at the maximum fluid delivery rate and there 
fore producing a rapid retraction of the actuator. 
This rearward travel of the actuator continues 
until the stop dog Of engages the rocker arm 8, 
moving it together with the valve spool 6 to the 
Stop position and closing the limit switch LS. If 
the selector switch 4 is in its upper or solid line 
position, as shown in Fig. 10, the cycle will not 
repeat automatically. If, however, the switch 
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4 happens to be in its lower or broken line posi 

tion, the closing of the limit switch LS will in 
mediately be effective to repeat the cycle auto 
matically without first closing the cycle starting 
Switch 2. 

Modification 

For the purpose of insuring still further the 
positive positioning of the valve plunger 60 under 
the most adverse conditions, a slightly modified 
linkage for coupling the latter and the movable 
core 92 of the solenoid 9 is provided. In a valve 
of the type described, the plunger may occasion 
ally become sticky in its operation due, for exam 
ple, to continued idleness or to a phenomenon 
known in the art as hydraulic pressure lock. 
Stickiness due to the former condition is most 
apt to occur at the start of an operating cycle 
when the valve plunger is in the Stop position. 
Stickiness due to the latter or pressure lock con 
dition may occur during a cycle when the valve 
plunger is in the Second Feed Forward position 
immediately prior to moving to Rapid TraVerse 
Return. 

In Figs. 11 and 12, an illustrative embodiment 
of the modified coupling linkage is shown. Thus 
the valve plunger 60 is formed adjacent its left 
hand end with a relatively short axial bore 45 
of somewhat greater diameter than the bore 96, 
the ends of the bores meeting to define an annu 
lar abutment or shoulder 46. In the region of . 
its extremities, the tension rod 94 is provided 
with suitable abutting surfaces for respectively 
engaging the shoulder 46 at one end of the 
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plunger 60 and an external annular face 48 at 
the opposite end thereof. Accordingly, the left 
hand end of the rod 94 carries rigidly fixed there 
to a large washer 49 of Smaller diameter than 
the bore 45 but of sufficient size to have sub 
stantial overlap with the shoulder 46. Unitary 
with the right hand end of the rod 94 is a head 
portion 50 adapted for pivotal attachment to 
the solenoid core 92 and having a pair of coplanar 
shoulders 5, 152 adapted to abuttingly engage 
the faces 48 on the right hand end of the plunger 
60. In addition to the foregoing, the open-ended 
collar 99 may be replaced by an adjustable cap 
54 threaded on the plunger and blocking off the 
ends of the bore 45 to keep out foreign material. 

In operation, assume that the valve plunger is 
in the Stop position of Fig. 8. Upon the energiz 
ing of the solenoid 9 at the start of a cycle, the 
movable core 92 shifts to the right, exerting 
through the tension rod 94 and its washer 49 a. 
force in excess of the pressure of the spring 95, 
and capable of fully compressing the same. Dur 
ing this time, if the valve plunger does not move 
in response to the reaction of the spring 95 to 
the compression force thereon, the plunger 60 will 
receive a hammer blow upon the engagement of 
the washer 49 with the shoulder 46. As a result 
of such impact, the valve plunger 60 will be jarred 
free, whereupon it will be shifted into the Rapid 
Traverse Forward position by the action of the 
spring 95 and the continued rightward movement 
of the Solenoid core 92. 
Assume further that the cycle has progressed 

to a point at which the plunger 60 is in the Second 
Feed Forward position. As the reverse dog 105 
cams the rocker arm 78 into engagement with the 
abutment 88 of the limit switch bar 86, the sole 
noid becomes deemergized. The spring 95 which 
heretofore had been under compression, is now 
Ireleased Suddenly, accelerating the tension rod 94 
and the movable core 92 to the left and producing 
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a sharp impact between the shoulders 5, 52 of 
the tension arm and the external face 48 of the 
valve plunger. The force of this impact tends to 
break the plunger 60 loose from the Second Feed 
Forward position, rendering the spring 98 effective 
to shift the former through Stop and into the 
Rapid Traverse Return position. 
I claim as my invention: 
1. A hydraulic control system for machine tools 

and the like comprising, in combination, an actu 
ator, a variable delivery pump, a sump, pressure 
and exhaust conduits leading from the pump and 
the sum respectively, conduits leading from said 
actuatoi'a main control valve connected with said 
pressure and exhaust conduits and said conduits 
leading from said actuator for delivering thereto 
fluid under pressure and receiving fluid discharged 
therefrom, a reciprocable valve spool slidably dis 
posed within a ported cylindrical bore in said 
main control valve for defining a stepped 
sequence of actuator movements including the 
steps of rapid traverse forward, first feed forward, 
Second feed forward, rapid traverse return, and 
stop, a rocker arm movable into a number of posi 
tions less than the number of said steps and hav 
ing a lost-motion connection with said valve 
spool, electromagnetic means resiliently con 
nected to said valve spool and arranged when 
energized to exert a force tending to take up 
the slack in the lost-motion connection thereby 
permitting said rocker arm to positively position 
Said valve spool, spring means also connected to 
said valve spool So as to exert an opposing but 
weaker force than that of said electromagnetic 
means, a dog bar rigidly attached to said actuator 
and having a plurality of tripping dogs for posi 
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tively positioning said rocker arm, and switch 
means operable by said rocker arm to deemergize 
said electromagnetic means and thereby permit 
said Spring means to position said valve spool 
independently of said rocker arm. 

2. A hydraulic control system for machine tools 
and the like comprising, in combination, an actu 
ator, a variable delivery pump, a Sump, fluid con 
duits leading from the actuator, the pump and 
the sump respectively, a main control valve inter 
posed in said conduits for delivering fluid under 
pressure to said actuator and receiving fluid dis 
charged therefrom, a reciprocable valve spool 
slidably received within a ported cylindrical bore 
in Said main control valve for defining by means 
of a predetermined series of axial positions a 
stepped sequence of actuator movements includ 
ing the steps of rapid traverse forward, first feed 
forward, Second feed forward, rapid traverse re 
turn, and stop, a pair of axially spaced-apart 
shoulders in said valve spool adjacent one end 
thereof, a rocker arm movable into a number of 
positions less than the number of said steps and 
having a lost-motion connection with said shoul 
ders of said valve spool, a Solenoid having a moV 
able core resiliently connected to said valve spool 
through a plunger and a compression spring 
housed within the latter, said solenoid arranged 
when energized to exert a force tending to take 
up the slack in the lost-motion connection caus 
ing said valve spool to move positively with said 
rocker arm, an external compression spring con 
nected to said valve spool. So as to exert an op 
posing but weaker force than that of Said Sole 
noid, a dog bar rigidly attached to said actuator 
and having a plurality of Spaced-apart tripping 
dogs for positively positioning said rocker arm 
and also said valve spool when Said Solenoid is 
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energized, and a limit switch operable by said 75 
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rocker arm in one of its positions to deemergize 
Said Solenold and thereby permit said external 
compression spring to position said valve spool 
independently of said rocker arm. 

3. In a hydraulic power unit of the character 
Set forth, the combination comprising a valve 
Spool axially shiftable into a plurality of posi 
tions, and means including a rockable abutment 
member having a lost-motion connection with 
Said valve spool, means for shifting said rockable 
abutment member into a lesser number of posi 
tions than said valve spool, and biasing means 
for taking up the slack of said lost-motion con 
nection in either direction, thereby permitting 
Said rockable abutment member to define all the 
positions of said valve spool. 

4. In a hydraulic power unit of the character 
Set forth and including a main control valve hav 
ing a ported bore, the combination comprising a 
valve spool slidably disposed within the bore and 
shiftable into a plurality of positions, a movable 
abutment member having a lost-motion connec 
tion with said valve spool for shifting the same 
into said plurality of positions as an incident to 
being shifted itself into a lesser number of po 
sitions, and opposed but coacting biasing means 
for taking up the slack of said lost-motion con 
nection in either direction. 

5. In a hydraulic power unit of the character 
set forth, the combination comprising a main 
control valve having a ported cylindrical bore, 
a valve spool slidably disposed within the bore 
and axially shiftable into a plurality of control 
positions, a rocker arm associated with said valve 
spool and having a lost-motion connection there 
with, releasable means for taking up in one di 
rection the slack in the lost-motion connection 
between Said rocker arm and said spool, and re 
silient means arranged to act upon said spool in 
opposition to Said releasable means for taking up 
the sack in the opposite direction, said latter 
means becoming effective to take up such slack 
upon the release of said releasable means in re 
sponse to the position of said rocker arm. 

6. In a hydraulic power unit of the character 
set forth, the combination comprising a main 
control valve having a ported cylindrical bore, 
a valve spool slidably disposed within the bore 
and axially shiftable into a plurality of control 
positions, spaced-apart abutments in said valve 
Spool adjacent one end thereof, a rocker arm as 
sociated with said valve spool and having a lost 
motion connection with the latter between said 
abutments, releasable means including a Solenoid 
for taking up in One direction the slack in said 
lost-motion connection, and a compression spring 
mounted for engagement with said spool and ar 
ranged to act thereupon in opposition to said re 
leasable means for taking up the slack in the op 
posite direction, said compression spring becom 
ing effective to take up such slack upon the re 
lease of Said releasable means in response to the 
position of said rocker arm. 

7. In a hydraulic power unit for a machine 
tool, the combination comprising an axially 
slidable valve plunger, a spring yieldably urging 
said plunger toward one extremity of its path of 
axial movement, means including a movable 
abutment member having a lost-motion connec 
tion with said plunger for positioning the latter 
axially in either direction, means for shifting said 
abutment to a Series of successive positions axi 
ally of said plunger and releasably holding the 
Same in each of Such positions, and means in 
cluding a Solenoid for compressing said spring 
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and retaining said plunger against Said abut 
ment at the extreme of lost motion opposite that 
toward which said Spring tends to urge Said 
valve plunger. 

8. In a hydraulic power unit for a machine tool, 
the combination comprising a main control valve 
having an axially shiftable valve plung Cr, axially 
spaced-apart shoulders in said valve plunger ad 
jacent one end thereof, a rocker arm associated 
with said valve plunger and having an abutment 
projecting between said shoulders to produce a 
lost-motion connection with the latter, a dog bar 
for moving said rock3r arm through a series of 
successive angular positions with respect to the 
axis of said valve plunger, a Solenoid having a 
movable core connected to Said valve plunger by 
means of a first compression spring housed 
therein and adapted when energized to exert a 
resilent thrust upon said lost-motion connection 
eliminating the slack in One direction, a Second 
compression spring mounted for engagement 
with said valve plunger and arranged to act 
thereupon in opposition to the thrust of said sole 
noid for taking up the slack in said lost-motion 
connection in the opposite direction, and Switch 
means operable as an incident to the positioning 
of Said rocker arm to deenergize Said Solenoid, 
said Second compression Spring becoming effec 
tive to take up slack upon the deemergizing of 
said solenoid by the positioning of said rocker 
3. 

9. In a hydraulic power unit for a machine 
tool, the combination comprising a main control 
valve having an axially shiftable valve plunger, 
axially spaced-apart shoulders in said valve 
plunger adjacent one end thereof, a rocker arm 
associated with said valve plunger and having a 
transverse pin projecting between said shoulders 
to produce a lost-motion connection with the lat 
er, a movable bar having a plurality of spaced 
apart tripping dogs arranged for moving Said 
rocker arm through a Series of Successive angular 
positions with respect to the axis of Said valve 
plunger, friction means associated with said 
rocker arm for maintaining the latter in any 
given one of said series of Successive angular po 
sitions until moved into the next one of Said 
series by any one of said tripping dogs, a solenoid 
having a movable core connected to Said Valve 
plunger by means of a tension rod and a first 
compression spring housed therein, Said Solenoid 
being adapted when energized to exert a resilient 
thrust in one direction upon said lost-motion 
connection therebv bringing one of said shoulders 
into abutment with said transverse pin, a Second 
compression spring mounted for engagement with 
said valve plunger for exerting a yieldable thrust 
tending to urge the opposite one of said shoulders 
into abutment with Said transverse pin, and 
Switch means mounted adjacent Said rocker arm 
and Operable as an incident to the positioning of 
the latter to deenergize said solenoid and thereby 
render effective said second compression Spring. 

10. In a hydraulic control system of the type 
described, an actuator, a control valve for de 
fining an operating cycle for said actuator in re 
sponse to being moved through a series of suc 
cessive steps, a movable abutment having a lost 
motion connection with said valve and shiftable 
into a plurality of axial positions with respect to 
said valve, electromagnetic means for rendering 
said movable abutment effective to directly posi 
tion said valve in certain of said successive steps, 
and means responsive to the positioning of said 
movable abutment for rendering said abutment 
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effective to indirectly position said valve in the 
remaining of said successive steps. 

11. In a hydraulic control system of the type 
described, an actuator, a control valve having a 
cylindrical bore, an axially shiftable plunger slid 
ably disposed within said bore for defining an 
operating cycle for said actuator in response to 
being moved through a series of successive steps 
including the steps of rapid traverse forward, first 
feed forward, second feed forward, rapid traverse 
return, and stop, a rocker arm having a lost-no 
tion connection with said plunger and shiftable 
into a plurality of axial positions with respect 
thereto, a solenoid adapted when energized to 
yieldably urge said plunger into abutment with 
said rocker arm rendering the latter effective to 
directly position said plunger in the steps of 
rapid traverse forward, first feed forward, and 
second feed forward, spring means associated 
with said plunger and adapted when said Solenoid 
is deemergized to render said rocker arm effective 
to directly position said plunger in the stop step, 
and switch means responsive to the positioning 
of said rocker arm for rendering said rocker arm 
effective to indirectly position said plunger in th 
rapid traverse return step. 

12. In a hydraulic power system of the class 
set forth, the combination comprising an actu 
ator, a control valve for defining an operating 
cycle for said actuator and having a plunger 
axially shiftable into a plurality of positions in 
cluding a rapid traverse return position, spring 
means associated with said plunger and adapted 
to bias said plunger toward said rapid traverse 
return position, electromagnetic means associat 
ed with said plunger and adapted when energized 
to overcome the bias of said spring means, and 
a pressure-actuated Switch in series with Said 
electromagnetic means, said switch being adapted 
when the pressure in said System exceeds a pre 
determined value to interrupt the circuit of said 
electromagnetic means thereby permitting the 
bias of said Spring means to move said valve 
plunger into said rapid traverse return position. 

13. In a hydraulic power system of the class 
set forth, the combination comprising an actua 
tor, a control valve for defining an operating 
cycle for said actuator and having a plunger 
axially shiftable into a plurality of positions in 
cluding a rapid traverse return position, a com 
pression spring associated with said plunger and 
adapted to bias the latter toward said rapid 
traverse return position, a Solenoid associated 
with said plunger and adapted when energized 
to overcome the bias of said compression spring, 
a control circuit for said solenoid and a pressure 
actuated switch in series with said control circuit 
and adapted when the pressure in said System ex 
ceeds a predetermined value to interrupt said 
control circuit, thereby deemergizing said sole 
noid and permitting the bias of said spring means 
to move said plunger into said rapid traverse 
return position. - 

14. In a hydraulic power unit of the class de 
scribed, the combination comprising a main con 
trol valve having an axially shiftable valve plung 
er, electromagnetic means for yieldably applying 
a force to said plunger, spring means for yield 
ably applying a force to said plunger in opposition 
to the force of said electromagnetic means, a 
reciprocatory tripping bar, a rockable abutment 
member movable intermittently by said recip 
rocatory tripping bar and disposed between said 
bar and said valve plunger, the position of said 
abutment member serving to govern the sequen 
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tial application to said valve plunger of various 
combinations of forces directly by said electro 
magnetic and said spring means and indirectly 
by said tripping bar. 

15. In a hydraulic power unit of the class de 
Scribed, the combination comprising a main con 
trol valve having an axially shiftable valve spool, 
solenoid means for yieldably applying a force to 
said valve spool, spring means for yieldably ap 
plying a force to said spool in opposition to the 
force of said Solenoid means, a slidable dog bar, 
a rocker arm movable only by said dog bar for 
intermittently applying a positive force to said 
spool to position the latter, Said rocker arm hav 
ing a frictional mounting adapted to exert a 
neutralizing force on said valve spool in opposi 
tion to the resultant of the forces of said solenoid 
and said Spring means, the position of Said rocker 
arm serving to govern the sequential application 
to said valve spool of various combinations of 
forces directly by said solenoid means and said 
spring means and indirectly by said tripping bar. 

16. In a hydraulic power system having a main 
control valve of the character set forth, the com 
bination comprising a housing having a ported 
cylindrical bore, a valve plunter slidably dis 
posed within the bore and shiftable into a plu 
rality of control positions, a movable abutment 
having a lost-motion connection with said valve 
plunger for Shifting the same into said control 
positions, and releasable means for moving said 
plunger to take up the slack in said lost-motion 
connection, said means when actuated to take up 
Such slack being adapted to strike said plunger 
a hammer blow to free the latter if stuck. 

17. In a hydraulic power system having a main 
control valve of the character set forth, the com 
bination comprising a housing having a ported 
cylindrical bore, a valve plunger slidably disposed 
within the bore and shiftable into a plurality of 
control positions, a movable abutment having a 
lost-motion connection with said valve plunger 
for shifting the same into said control positions, 
releasable means including a solenoid for impart 
ing motion to said plunger through a limited dis 
tance and in either of two directions in order to 
take up the slack in said lost-motion connection, 
and abutment means carried by said releasable 
means for striking said plunger a hammer blow 
to free the latter if stuck. 

18. In a hydraulic power system having a main 
Control valve including a valve plunger slidably 
housed within a ported cylindrical bore and shift 
able axially into a plurality of control positions, 
the combination comprising a tension rod slid 
ably disposed within an axial bore in said valve 
plungar, an abutment rigidly attached to said 
tension rod adjacent one end thereof, a com 
pression spring mounted on Said tension rod be 
tween said abutment and one end of the bore in 
said plunger, an annular abutment within said 
plunger adjacent the opposite end of the bore 
thereof and engageable by said abutment on said 
tension rod, a head portion unitary with said 
tension rod and defining coplanar shoulders there 
on, an external annular face at the extremity of 
said valve plunger away from said annular abut 
ment and adapted for engagement with said 
coplanar shoulders on said tension rod, and a 
solenoid including a movable core coupled to said 
tension arm and adapted upon being enrirgized 
to fully compress Said compression Spring there 
by bringing said abutment on said tenson arm 
sharply into engagement with said annular abut 
ment of said valve plunger so as to free the lat 
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ter for movement in one direction if stuck, said 
compression spring being adapted upon the de 
energizing of said solenoid to produce an impact 
between said coplanar shoulders and said external 
annular face of said valve plunger so as to free 
the latter for movement in the opposite direction 
if stuck. 

19. A hydraulic control system for machine 
tools and the like comprising, in combination, an 
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actuator, a pump, a Sump, fluid conduits leading 
from the actuator, the pump and the sump re 
spectively, a main control valve connected with 
Said fluid conduits for delivering fluid to and 
receiving fluid from said actuator, a valve Spool 
Slidably disposed within a ported bore in said main 
control valve for directing the movements of said 
actuator in response to movement of said valve 
Spool through a series of predetermined axial 
positions, a rocker arm having a lost-motion con 
nection with said valve spool, said rocker arm 
being movable into a lesser number of positions 
than said valve spool, a tripping bar movable 
with said actuator and adapted to position said 
rocker arm, a first means for taking up the slack 
of Said lost-motion connection in one direction 
to permit the definition by said rocker arm of 
certain. Ones of Said axial positions of Said valve 
spool, said first means being rendered effective or 
ineffective in response to the position of said 
rocker arm, and a second means adapted, upon 
the rendering ineffective of said first means, to 
take up the slack of said lost-motion connection 
in the opposite direction and thus permit the 
definition by Said rocker arm of the remainder of 
said axial positions of said valve spool. 

20. A hydraulic control system for machine 
tools and the like comprising, in combination, 
an actuator, a pump, a slump, pressure and ex 
haust conduits leading from the pump and the 
Sump respectively, conduits leading from said 
actuator, a main control valve connected with 
Said pressure and exhaust conduits and Said con 
duits leading from said actuator for delivering 
fluid to and receiving fluid from said actuator, a 
valve spool slidably disposed within a ported bore 
in Said main control valve for effecting a Se 
quence of movements of said actuator in response 
to movement of Said spool through a predeter 
mined Sequence of axial positions, a rocker arm 
having a lost-motion connection with Said valve 
spool, said rocker arm being movable into a lesser 
number of positions than said valve spool, a trip 
ping bar rigidly attached to said actuator and 
adapted to position said rocker arm, releasable 
means for taking up the slack of said lost-motion 
connection in one direction to permit the defini 
tion by said rocker arm of certain ones of Said 
axial positions of said valve spool, said releasable 
means being Susceptible of actuation by said 
rocker arm, and resilient means for taking up the 
slack of said lost-motion connection in the oppo 
site direction to permit the definition by said 
rocker arm of the remainder of said axial posi 
tions of Said valve Spool. 

21. A hydraulic control system for machine 
tools and the like comprising, in combination, an 
actuator, a variable delivery pump, a sump, pres 
sure and exhaust conduits leading from the pump 
and the sump respectively, conduits leading from 
said actuator, a main control valve connected with 
said pre?sure and exhaust conduits and said 
conduits leading from said actuator for deliver 
ing fluid to and receiving fluid from said actuator, 
a reciprocable valve spool disposed within a ported 
bore in said main control valve, said valve spool 
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being shiftable into a plurality of positions for 
defining a stepped sequence of actuator move 
ments including the steps of rapid traverse for 
ward, first feed forward, second feed forward, 
rapid traverse return, and stop, a rocker arm 
adapted to define said valve spool positions but 
movable itself into a lesser number of positions, a. 
tripping bar rigidly attached to Said actuator for 
moving said rocker arm, a lost-motion connec 
tion between said rocker arm and said valve 
spool, electromagnetic means adapted to exert a 
force in one direction tending to take up the slack 
of Said lost-motion connection, and spring means 
effective upon deemergizing of said electromag 
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netic means to exert a force tending to take up 
said slack in the opposite direction. 
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