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UNITED STATES PATENT OFFICE 
2,531,340 - 

HYDRAULCMECHANISM 

Max A. Mathys, Detroit, Mich., assignor to Ex 
Cell-O Corporation, Detroit, Mich., a corpora 
tion of Michigan 

Application January 8, 1944, Serial No. 517,541 
(C. 2-45) 18 Claims. 

The present invention pertains to a novel hy 
draulic mechanism, and more particularly to one 
which is especially suited for effecting, in the 
course of its cycle of operation, an accurately 
controlled step-by-step motion of a driven mem 
ber, Such as may be employed, for example, in 
accomplishing the infeed of the wheel slide of a 
traverse grinder. 
The general aim of the present invention is to 

provide a hydraulic mechanism or actuating sys 
tem of the general type indicated which is fully 
automatic and which is characterized not only 
by its precision of operation but also by its versa 
tility of adjustment to accommodate different 
operating requirements. 
More particularly, one object is to provide such 

a System in which a novel arrangement is pro 
vided for adjustably and precisely determining 
the limits of the last step in a step-by-step ad 
vance, thereby especially accommodating the 
Same for use in a machine where such last step 

O 

20 

is used in making a finish pass or cut in bringing 
a Work piece exactly to size. 
Another object is to provide in a system em 

ploying withdrawal of metered increments of 
fluid from a piston and cylinder type actuator 
in effecting step-by-step advance, a novel ar 
rangement for effecting an automatic reversal of 
the actuator after completion of the step-by-step 
advance. 
... Another object is to provide in a system em 
ploying withdrawal from an actuator of metered 
increments of fluid to effect the advance of such 
actuator, a novel arrangement for safeguarding 
the metering-out circuit against leakage. 
Another object is to provide in a hydraulic 

system, a novel arrangement for insuring the 
precision stoppage of an actuator in a final pre 
Selectable position therefor and which arrange 
ment operates with the same fidelity in duplicat 
ing the final position of the actuator at the ter-. 
mination of successive approaches therefor, irre 
spective of whether the actuator approaches such 
final position by an automatically controlled step 
by-step motion or by a manually controlled opera 
tion. 

Still another object is to provide in a system 
embodying means for effecting step-by-step ad 
vance by a fluid actuator, a novel arrangement 
for interrupting such advance and subsequently 
restoring the actuator to the position which it 
occupied at the time of interruption. 
A further object is to provide a novel fluid actu 

ator arrangement for reciprocating a member 
through a fixed stroke from an adjustably vari 
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able starting point, such arrangement being 
adapted for employment either with or without 
step-by-step advance of the member in at least 
a portion of a cycle of reciprocation therefor. 

Further objects and advantages of the inven 
tion will become apparent as the following de 
scription proceeds, taken in connection with the 
accompanying drawings in which: 

Figure 1 is a generally schematic perspective 
view of the major elements of a traverse grinding 
machine having applied to its wheel slide a hy 
draulic actuating System embodying the present 
invention. 

Figs. 2 to 5 are simplified hydraulic diagrams 
of the actuating system, Fig. 2 indicating the 
flow of fluid during rapid approach of the slide, 
Figs. 3 and 4 indicating the flow of fluid during 
two successive steps in the step-by-step forward 
feed movement of the slide, and Fig. 5 indicating 
the flow of fluid during the rapid return motion 
of the slide. 

FigS. 6, 7 and 8 are successive stop motion views 
of the stop mechanism in the end of the actuat 
ing cylinder which serves to determine adjust 
ably the length of the last step of advance of the 
actuator, the parts being shown partially in lon 
gitudinal Section. 

Figs. 9 to 12 are simplified hydraulic diagrams 
of the control portion of the hydraulic circuit, 
illustrating the successive conditions of fluid flow 
in the same incident, respectively, to rapid ap 
proach, completion of the next to the last step 
and last step of the step-by-step advance of the 
actuator, and to rapid return movement of the 
Sale. 

Fig. 13 is a complete hydraulic diagram of the 
system, illustrating in section the preferred form 
of the various valves. 
While the invention is susceptible of various 

modifications and alternative constructions, I 
have shown in the drawings and will herein de 
Scribe in detail the preferred embodiment, but it 
is to be understood that I do not thereby intend 
to limit the invention to the specific form dis 
closed, but intend to cover all modifications and 
alternative constructions falling within the spirit 
and Scope of the invention as expressed in the 
appended claims. 

Referring more particularly to the drawings, 
in Fig. 1 has been shown generally schematically 
the major elements of a traverse grinding ma 
chine, Such a machine being simply representa 
tive of the type of installation in which hy 
draulic Systems embodying the present inven 
tion are especially suited for use, Such major 
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elements include a table 7 adapted to carry and 
reciprocate axially a revolving work piece 8 which 
is to be ground. On a wheel slide 9 is a revoluble 
grinding wheel 9 engageable with the Work 8. 
The herein disclosed hydraulic System is adapted 
to effect the so-called infeed of the wheel slide, 
in a direction transaxially of the Work. 

In brief, the preferred controls for the wheel 
slide G are such that upon starting, an automatic 
cycle is executed which consists of a rapid ap 
proach of the slide it) to working position, there 
after successive steps of advance for the slide 
alternated with passes of the work by the recip 
rocating table 7, and a rapid return of the slide 
to starting position after it has completed its 
step-by-step advance to a predetermined depth 
of cut. 
In the illustrated embodiment, movement of 

the slide G is effected by the coaction of a first 
fluid type actuator, consisting of a cylinder 2a. 
and differential piston. 2, with a second fluid 
actuator, or more specifically, a fluid plunger de 
vice, the latter consisting of a cylinder fia and 
plunger II. Both the cylinders ifa and 2a are 
stationarily mounted, as, for example, in the base 
of the machine. The slide. E) is in effect forced 
constantly against the piston f2 by the plunger 

. To advance the slide. 3, fluid is withdrawn 
from the cylinder 2d. at the forward face of the 
piston so that the piston 12 acts, as a retreating 
abutment for limiting the advance of the slide 
under the constant urge of the plunger . . To 
cause the slide to return, the application of pres 
sure fluid to the cylinder 2a is reversed, the 
plunger being overpowered. The length of 
travel for the slide 8 is, thus determined by the 
fixed stroke of the actuator piston. 2, but the 
starting point can be adjustably varied by ad 
justing the length of the coupling between the 
actuator 2, 2a and slide, the plunger. Serving 
throughout. Such range of adjustment to retain 
the:Slide; and actuator engaged. 
:AS to the particular coupling Set-up shown in 

Fig.1, the actuator piston 2. has at its outer end 
-anabatment roller t00 bearing against the curved 
face of a transverse link G. The ends of the 
link 3 are yoke-shaped, the righthand end 
being pivoted as indicated at 02 on a sleeve O3 
:which is journaled upon a shaft: 04, the sleeve 
being restrained against axial movement with 
respect to the shaft. The shaft itself is threaded 
swithin a nut 05, the latter being held against 
rotation by a stationary Spline key f6, entering 
a longitudinal slot in the nut. Bearing against 
the outer end face of the nut 95 is an adjustable 
abutment: 267 fixed to the slide O. By revolving 
the shaft 94 the Same is Screwed into or out of 
the nut. 95, thus adjusting the position of the 
Slides O. relative to its actuator 2, 2a. In this 
way: the location of the slide fo relative to the 
work 8. may be adjusted at will even though its 
actuator 2, 2a, has a stroke of fixed' length. 
The plunger serves to urge the slide Ocon 

Stantly in a forward direction to retain the slide 
abutment 07: constantly in engagement with the 
end of the nuti i 35. For this purpose the plunger 

is arranged to bear against the face. of a 
hiracket: 98 rigid with the slide O and depending 
therefrom. 
The usual size, wheel 69 serves to adjust the 

Shaft (4...within the nut 05. This wheel is con 
nected through gears 6 with a gear splined 
ron the shaft C4 so that turning of the wheel 09 
adjusts the slide to either forwardly or - rear 
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4. 
wardly and thereby determines the size of the 
finished work piece to be ground. 
To accommodate the actuator System for grind 

ing a tapered surface on the work 8, a sine bar 
f 2 may be adjustably fixed to the front of the 
table 7. Riding along the inclined lower edge of 
the sine bar 2 is a vertically movable plunger 
f3, which operates through;a bell cranki 14 and 
axially shiftable rod f 5 to swing the link 10, 
the rod 5 being pivoted to the lefthand end of 
the latter link. With Such an arrangement, aS 
the table advances the sine bar ff2 shifts the 
member 3, thereby causing the link Of to 
'fulcrum about the roller GG so that the slide fo 
is advanced in timed relation with the axis of the 
work to produce a tapered surface on the latter. 

Power circuits of the system. 
The preferred hydraulic circuit embodying the 

actuator of 2, 2d. and plunger is shown in full 
in Fig.13, but, its intricacies will best be under 
stood, after a preliminary consideration of cer 
tain Simplified or partial showings of the circuit 
in order that the general plan of operation may 
be clear. For that purpose the fluid flow for the 
actuator or power, circuits proper has been dia 
grammed in Figs. 2 to 5 for successive cycle steps, 
and the fluid flow for the control circuits of the 
system has been similarly diagrammed in Figs. 9 
to i2. Reference may be first made to Fig. 2. As 
there, shown, fiuid such as oil is supplied under 
pressure. from a suitable constant pressure source 
such, for example, as a constant delivery pump P 
equipped with a conventional Spring loaded work 
ing pressure relief valve W. The pump draws fluid 
from a reservoir R and delivers the same under 
pressure,' the relief valve serving to return such 
"excess fluid to the reservoir- as may be required 
to maintain the pump delivery pressure substan 
tially constant at a value determined by the ad 
justment of the relief valve. Pressure fluid from 
the pump P is delivered through pressure line 8 
directly and constantly to the outer end of the 
plunger i? and also to a starting and reversing 
valve 3. The latter is a two-position valve hav 
ing forward and reverse positions and when in 
its forward position it dispatches fluid from the 
pressure line 8through line 23 to the cylinder 
2a for advancing the piston f2. In Figs. 2 to 5 
and 9 to 12 the heavy black shading indicates 
fluid under pressure directly from the pump while 
a dotted line in the conduit indicates fluid at an 
exhaust pressure. In Figs. 3 and 4 the broken 
heavy lines in certain of the conduits indicate 
fluid trapped in the metering circuit and which is 
retained under pressure substantially equal to the 
pump discharge pressure for a purpose which will 
later appear. 
To institute a cycle of operation, rapid advance 

of the slide 0 is initiated by shifting the valve 
f3 to its forward position (indicated in Fig. 2), 
Whereupon it dispatches pressure fluid from line 
8 through line.23 to the actuator cylinder 2a. 
and causes fluid to be exhausted from the oppo 
site end of such cylinder through line 24 and 
thence through line 25 and a feed control valve 
5 back to, the reservoir R through exhaust line 
9. If desired, a conventional spring loaded back 
Ee valve 9a may be interposed in the 
exhaust line 9. 
The feed control valve 5 is of the snap acting 

type (see Fig. 13 for detail). It has a plunger 
26 slidable within a casing 27, the outer portion 
of the plunger being reduced in diameter to pre 
sent a cross-section one-half that of the inner 



impediment. 

5 
end. Pressure from the pressure line 8 is ap 
pied to the face 28 of the shoulder on the plunger 
between its large and smallportion and through 
a line 29 to the inner end 30 of the plunger. 
Since the area at 30 is twice as large as that 
of the shoulder 28, the plunger is yieldably thrust 
outward against a bushing 3 fixed in the Valve 
casing 27. In such position of the valve, the 
line 25 is connected through an internal bore 34 
and cross passages 33 in the plunger to exhaust 
line 9 for the free exhaust of fluid from the 
line 25 to effect rapid - approach of the slide as 
noted above. . A separate plunger 74 in the lower 
end of the valve casing serves to thrust the main 
plunger 26 outward upon application of pressure 
fluid in a manner hereinafter described to Set the 
plunger 26 in its projected position. Once the 
plunger 26 is so projected it will remain, due to 
the differential pressure action on it, until me 
chanically thrust in a short distance, whereupon 
fluid resistance to such thrust is relieved so that 
the plunger can continue its retraction without 

At the end of the rapid advance of the slide 
O its motion is changed to a slow step-by-Step 

advance or feed, timed with the reciprocations 
of the work table 7. Such change is instituted 
by engagement of a spring-urged dog 35 on the 
side to with the projecting outer end of the 
plunger 26 of the feed valve 5 (Fig. 3). 
ing of this valve plunger 26 causes the valve 5 
to interrupt the exhaust of fluid from the cylinder 
2a through line 9 and to direct the fluid from 
such cylinder through an arrangement which 
meters the fluid out of the cylinder in predeter 
mined small increments. Each increment of 
fluid so metered out permits the piston 2 to ad 
vance, a corresponding fixed distance. 
When the dog 35 thrusts the valve plunger 26 

inward, the exhaust line 9 is connected through 
the passage 29 to the rear end 39 of the plunger 
so that the latter can complete its in Ward move 
ment without impediment. Such inward shift 
of the plunger 26 cuts off the connection to 
exhaust from the line 25 and blocks the latter 
(see Fig. 13). A separate sliding plunger T4 lim 
its the inward movement of the main valve 
plunger 26. 
The mechanism for metering out increments 

of fiuid from the cylinder 2d consists of a plunger 
6 slidable within a cylinder 6a provided with 
an adjustable stop pin 38 at one end thereof for 
limiting the path of travel of the plunger. A 
micrometer head 40 (see Fig. 13) on the stop pin 
38 serves to adjust its position. Cooperating 
with the metering plunger 6, and connected 
thereto, by lines 36, 37 is a reversing valve 4 
which serves to direct fluid to alternate ends of 
the plunger 6 from the outlet of the actuator 
cylinder 2a and in each case to exhaust the 
opposite end of cylinder 6a, to line 9. The 
valve 4 is fluid operated in timed relation with 
the table 7 in such manner that the valve 4 is 
actuated upon each stroke of table movement. 
For this purpose a reversing pilot valve la (Fig. 
3) is actuated by the table 7 to direct preSSure 
fluid through alternate ones of pilot lines or 
conductors 2, 22 and exhaust the other, thereby 
alternating the position of the plunger of valve 
A. 
since the shifting of the valve 5 to institute 

feed blocks the line 25, as heretofore described, 
so that fluid from the cylinder 2a can no longer 
go to the exhaust line 9, it is, instead, forced 
through the valve 4 into one end or the other 
of the metering cylinder 6a as determined by 
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6 
the position of the valve 4. Under the con 
ditions shown in Fig. 3, fluid is forced out of 
the actuator cylinder 2a through the line 24 and 
is directed by the valve 4 into the lefthand end 
of the metering cylinder 6a, thus forcing the 
metering plunger f to the right to the limit 
position determined by the adjustable stop 38. 
Simultaneously, valve 4 exhausts the opposite 
end of the metering cylinder 6d by connecting 
it to exhaust line 9. An increment of fluid is 
thus displaced from the actuator cylinder 2d. 
which is equal to the volume of the Space vacated 
by the plunger 6 in its shift, and the actuator 
piston 12 together with the slide fe is advanced 
a corresponding fixed distance. Upon the Com 
pletion of the shift of the metering plunger 6 
to the right, the slide to comes to rest, since no 
further fluid can be displaced from the actuator 
cylinder 2a. 
Upon the completion of the next stroke of the 

work supporting table the pilot valve Ta is actu 
ated thereby to reverse the pressure conditions in 
the pilot lines 2, 22 (Fig. 4) so that pressure is 
applied through line 2 and fluid exhausted 
through line 22, thus shifting the reversing valve 

it. Such shift of the valve A directs fluid into 
the righthand end of the metering cylinder 6a 
and connects the lefthand end to exhaust through 
line 9. Thereupon the metering plunger 6 is 
displaced to the left, a corresponding amount of 
fluid being received from the actuator cylinder 
(2d, so that the slide to can advance another step. 
In this same general manner the metering plung 
er 6 is shuttled back and forth With one stroke 
of the plunger upon the completion of each stroke 
of the work supporting table , so that the slide 
it is advanced one step after each stroke of the 
table. 

Provision is also made for instituting drive of 
the work spindle as an incident to shift of the 
valve 5 at the completion of rapid approach. 
For that purpose the valve 5 connects line. 29b 
to exhaust line 9, thereby exhausting fluid from 
a cylinder 29c so that a spring-urged plunger 29d 
moves downward to close its associated Switch 
contacts 29e. Closure of these contacts may be 
used to complete the energizing circuit for the 
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electric drive motor (not shown) which revolves 
the work piece 8. 

. Upon completion of the step-by-step feeding 
advance of the slide 0, its motion is reversed 
through the medium of an automatic control ar 
rangement hereinafter described, and it is auto 
matically returned to starting position. During 
such rapid return movement of the slide (see Fig. 
5) the valve 3 is in its reverse position, while the 
valve 5 is restored to the position which it occu 
pied during the rapid approach movement illus 
trated in Fig. 2. The control circuits for oper 
atting the valves 3 and 5 to effect reversal are 
hereinafter detailed in connection with Figs. 9 to 
13. Incidentally, it will be noted that the spring 
urged dog 35 rides freely over the plunger 26 
during its return movement and consequently 
does not actuate the latter during such return. 
For the rapid return movement in question, pres 
sure fluid from the line 8 (Fig. 5) is dispatched 
by the valve 3 to the outer or lefthand side of 
the piston 2 through line 24 and fluid is ex 
hausted from the righthand end of the actuator 
cylinder through line 23, valve 3, line 25, valve 
5, and thence through exhaust line 9 back to 
the reservoir. Although the application of pres 
sure fluid to the plunger is continued during 
such return movement, the greater area of the 
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indface of the differential piston 2, ascom ed to the area of the plunger?, causes the 
-- - - - - - - - - - - - plungers) that the slide 

by either applying pressure fluid to, or exhausting 
fluid from, the Smaller face of the piston. 
At the end of the return movement of the slide 

it comestorest upon abutment of the piston, 12 
against the righthand end of the cylinder 2d. 
During the return of the slide the spindle control 
switch contacts, 29e are opened by pressure fluid 
supplied from the pressure line f8 through the 
valve 5 and line 29b. ' ' ' ... . . . . . . . .' '."r 

Readily adjustable step-by-step motion of the 
slide O is afforded in the feed portion of the cycle, 
as will be plain from the foregoing. Each step of 
such advance is positively controlled by the 
amount of fluid metered out of the actuator cylin 
der 2a by the plunger 6. As will be evident 
from an inspection of Figs. 3 and 4, the outlet 
from the cylinder 2a is completely blocked ex 
scept for such fluid as is permitted to enter the 
metering cylinder f6a by shift of the plunger 6. 
The piston 2 and plunger 6 are in effect joined 
by a column of incompressible fluid so that the 
step of advance permitted to the actuator piston 
2 is limited to an amount proportionate to the 

: shift of the plunger G. Such plunger shift can 
be readily adjusted by changing its stroke through 
the use of the stoppin 38. 

Control of last feed step 
Special provision is made for adjustably con 

trolling the length of the last step in the step 
by-step advance of the slide fo. Such adjustment 
is quite independent of the length of the preced 
ing steps which, as heretofore explained, are de 
termined by the Setting of the adjustable stop 
pin 38. Precise and accurate control of the length 
of the last step of advance is especially desirable 
in that the length of such step commonly de 
termines: the amount of metal which is to be 
removed during the last or finishing pass of the 
work past the tool. It is requisite not only that 
the length of this step should be accurately con- ; 
trolled, but also that the final position of the slide 
be determined with extreme certainty as well as 
exactitude since that position determines the final 
size of the work: 
In accomplishing such control of the last step 5: 

of advance of the slide, a movable stop in the 
form of a bushing fl is interposed in the path 
of advance of the piston 2 (see Figs. 2, and 6 to 
8). 
piston at the end of the next to the last step, 
and for the final step the stop 7 is permitted to 
retreat an accurately determined distance. The 
stop bushing it is slidable axially within a bore 
i la coaxial with and opening into the end of the 
cylinder 2a opposite the large face of the piston 
12.. Outward movement of the stop bushing. 1 
is limited by the seating of its outer end 
against an abutment surface 48 on the end 
wall of the bore Ta, while movement of 
the bushing in an opposite or inward direction 
toward the piston 2 is limited by engagement of 
projections 5 with mating projections 49a, on a 
plug 49 keyed to slide endwise within a station 
ary housing 50. A micrometer adjusting knob 5ta 
is threaded on the plug 49 and held against end 

This stop i intercepts the advance of the 
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- - - - - - lacement in the housing 50. By tur 
ing the adjusting knob.50a the plug 49 is 
andwise, thereby altering, the spacing between 
the abutment surfaces 48 and projections 49a 
so that the length of permitted stroke for the stop bushing 7 is correspondingly adjusted. 
At the outer end of the stop bushing 7, a cham 

ber 52 is provided to which pressure fluid is sup 
plied in a manner hereinafter described so that 
the pressure of such fluid, augmented by a spring 
46, normally urges the stop bushing toward the 
piston f2 whose motion it intercepts (Fig. 6). 
Slidable axially within the bushing. T is the stem 
53a of a disk-shaped valve. element 53 which 
seats on an annular seat 58 formed on the Outer 
face of the bushing. The valve element is urged 
into seated position by a compression spring.4 
interposed between the bottom of a bore in the 
plug 49 and the outer face of the valve disk 53. 
When the valve element 53 is unseated, pressure 
fluid passes by the same and out a passage 59 
from the chamber 52 to condition the control 
circuits hereinafter described so that upon the 
next stroke of the work table 7 the chamber 52 
will be exhausted, thereby permitting the actuator 
piston (2 to force the bushing 7 to the left and 
against the abutment face 48 for the last step 
of advance of the actuator piston. 
As the actuator piston approaches the stop 

bushing 7 the parts occupy the relative posi 
tions shown in Fig. 6, the bushing being yield 
ably urged toward the actuator piston by the 
spring 46 and the pressure fluid within the cham 
ber 52. In the course of the next to the last 
step of advance of the actuator pistóri? 2, the 
latter engages and forces inward, the valvi 
plunger 53a, ther -----, - 
53. To accommodate such action,th 4 - ' ' ' an 
plunger 53a is dimensioned to extend a few thout 
sandths of an inch beyond the face of the bush 
ing IT. Accordingly, at the end of the next to 
the last step of advance of the act a . . . 
the parts come to rest in the posi - - - - - v. 1.-- Fig. 7. In the latter position the stop bushing 
is still thrust to the right, intercepting the piston 
f2 in the desired position for institution of the 

the rigid abutment 48 positively determines the 
final position of the actuator piston 2, ind a simple change in the setting of the adjustment 
knob 50a determines the length of such last step 
of piston advance. 

Auto initic rejersal 
Opening of the valve 53 as described above in 

the course of the next to the last step of advance 
for the actuator piston not only conditions, the 
circuit for retreat of the stop bushing, as indi 
cated, but in addition sets up the circuits for in 
stitution of rapid return of the slide after the 
laststroke of the work table has been completed. 
It will be evident that one factor which compli. cates the problem is that at least one stroke of 
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the work table 7 must follow each step of infeed 
of the wheel slide O. Consequently, the circuits 
must be arranged so that a predetermined ad 
vance of the slide 0 does not merely result in 
some change in the slide movement, as, for ex 
ample, in its reversal, but must instead prelimi 
narily condition the circuits for such change in 
movement in response to completion of a suc 
ceeding stroke of the work table. 
The Succession of changes in position of the 

interrelated control valves which takes place 
preceding and as an incident to reversal of the 
slide f is shown generally diagrammatically in 
Figs. 9 to 12. Fig. 9 exemplifies the conditions 
prevailing during rapid approach movement of 
the slide. Fig. 10 exemplifies the circuit condi 
tions at the completion of the next to the last 
step of advance, thus matching Fig. 7; While 
Fig. 1 shows the circuit conditions prevailing 
after the last step of advance of the slide, but 
during the succeeding stroke of the work table, 
thus matching Fig. 8. Finally, Fig. 12 shows the 
fluid flow in the control circuit after the last 
stroke of the work table. 

Included in the portion of the circuit to be 
considered in connection with reversal and the 
delayed action control thereof are, in addition 
to the reversing valve 3 and feed valve 5 al 
ready identified, four pilot valves 54, 55, 56 (Figs. 
9 to 12) and 5. (Fig.S. 1 and 12). Each of the 
additional valves noted is fluid operated, all being 
of the sliding plunger type, and of them the valves 
54, 56 and 57 are two-position valves, while the 
valve 55 is of the three-position type, having a 
normally centered plunger. 
In brief, the arrangement is such that the pilot 

Valve 54 is shifted in response to completion of 
the next to the last infeed step of the actuator 
piston 2. Thereafter the pilot valves 55, 56 
coact to delay withdrawal of the stop bushing 
until after-one further stroke of the work table 
and to delay operation of the valve 57 (which 
controls the reversing valve f3) until after two 
further strokes of the work table. The pilot 
valves are coordinated so that the action shall be 
the same irrespective of which of the intermit 
tently reversed lines 2, 22 happens to be con 
nected to pressure at the time when the next to 
the last Step of infeed is completed. 

Attention may now be given to the successive 
conditions of fluid flow diagrammed in Figs. 9 
to 2. During rapid approach of the actuator 
piston 2 (Fig. 9) the feed valve 5 dispatches . 
fluid from the pressure line 8, through a branch 
conduit 29f to the valve 54 So that the latter is 
shifted to the left. With the valve 54 in the 
latter position, pressure fluid from the line 8 
passes through an annular peripheral groove 6t 
in valve 55 (see Fig. 13) and thence through the 
branched conduits 6 to the chambers 69a at op 
posite ends of the valve 55, thereby centering 
the latter. Pressure fluid in the conduit 60 also 
shifts the valve 56 to the right, the right end of 
the latter valve being connected to exhaust line 
E9 through a conduit 67 and a transverse pas 
Sage 5 in the Valve 55. When valve 5S is thuis 
shifted to the right it directs pressure fuid from 
the line 8 through line 45 to the chamber 53 
located at the outer face of the stop bushing 
as eretofore described. The pressure fluid thus 
supplied to the chamber 52 urges the stop bushing 

toward the actuator piston f2 in position to . 
intercept the latter at the completion of the next 
to the last step of the step-by-step infeed which 
is to follow. By connections which will later 
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appear (Fig. 13) pressure fluid in line 69 also 
shifts a valve 57 to the right. 
Upon the dog operation of the feed valve is 

to change from rapid approach to step-by-step 
infeed movement in the manner heretofore de 
scribed, such shift of the valve 5 connects the 
line 29f to the exhaust line 9 and disconnects 
it from the pressure line 8. At that point in 
the cycle both ends of the valve 54 are thus con 
nected to exhaust So that it remains in the posi 
tion to which it was shifted by the previous appli 
cation of pressure shown in Fig. 9. 
At the end of the next to the last step of in 

feed for the actuator piston 2, the valve 53 is, 
as heretofore explained, opened by contact of 
the piston 2 with the end of the valve sten 53a. 
Such opening of the valve 53 directs pressure 
fluid from the line 45 and chamber 52 into a 
line 59 leading to one end of the pilot valve 54. 
The opposite end of such valve 54 having been 
previously connected through line 29f to ex 
haust, the valve 54 is shifted to the right. The 
shift in valve 54 results in connecting line 6 
to exhaust, which allows shifting of valves 55, 
56 and 57. Pressure fluid is dispatched from 
one of the table-controlled pair of lines 2, 22, 
which happens at that moment to be connected 
to pressure, to one of the ends of the central 
portion of the valve 55 through the correspond 
ing one of lines 6, 62 and connection of an 
other part of such central portion of the valve 
55 to exhaust through the other one of lines: 
6, 62 and the other of the pair of lines 2, 22. 
The central portion of the valve 55 is construct 
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ed in a manner such that application of pres 
sure through the line 2 and exhaust through 
line 22 causes it to shift to the right and, con 
versely, application of pressure through line 22 
and exhaust through line 2 shifts the Walve 55 
to the left. But in either case, whether the 
valve 55 is shifted right or left, it connects to 
the exhausted one of the pair of lines 2, 22, a 
line 65 leading from the right end of the final 
pilot valve 56. 
To accommodate the desired action the valve 

55 (Fig. 13) comprises a central Valve plunger 
74 and two shoulder type side plungers 4a and 
74b slidable endwise within a Suitable casing. 
The central valve plunger 74 has two Spaced 
collars or lands 63 and is disposed within a cen 
tral chamber 64 in the valve housing. The lines 
6t, 62 open into the central chamber S4 at 
points spaced apart slightly more than the Spac 
ing of the collars 63, whereas the line 65 to the 

is right end of the valve 56 opens into the center. 
of the chamber of valve 55 and lines 68, 69. 
lead from spaced points in Such chamber. 
The cooperating pilot valve 54 has an axial 

bore 54b in its plunger 54a, such bore being 
always connected to exhaust line 9 by trans 
verse passage 54c in the valve plunger. Such 
transverse passage 54c also registers with line 
62, as does a second transverse passage 54d with 
line 6, so that both lines 6, 62 are exhausted. 
Upon shifting of the valve 54 to the right, Such 
connection of the lines 6, 62 to exhaust line 
9 is cut off, and lines 2, 22 are connected, re 

spectively, to lines 6, 62 through peripheral an 
nular grooves 2a, 22a. 
With the valves 54, 55 so constructed, when 

the valve 54 shifts to the right as described, 
lines 2, 22 are respectively connected to lines 
6, 62, and chambers 6Ga at the ends of valve 
55 are connected to exhaust line 9 through line 
69, a transyerse bore 5e in-the plunger of valve 
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54, and the axial bore 54b in the latter. AC 
cordingly, should pressure be available in line 
2 the plunger of valve 55 is shifted to the right, 
while if pressure is available in line 22 such 
plunger is shifted to the left. In either case the 
one of the lines having pressure in it is con 
nected to the corresponding one of lines 68, 69 
while the other or exhausted one of lines 2, 22 
is connected to line 65, 
The net effect. of shifting the pilot valves 54 

and 55 as just described (see Fig. 10) is, as . 
noted, to connect the right end of the third 
pilot valve 56, through line. 65, to the One of the 
lines 2, 22, which is at the moment exhausted. 
That does not result in any shift of the valve 
56, for its right end was previously connected to 
exhaust through conduit 67 and an annular pe 
ripheral groove 75 (see also Fig. 13) in the 
plunger 74b. The latter connection is, inciden 
tally, interrupted by the shift of the valve 55. 
But the newly established connection to the 
valve 56 does insure its actuation, upon the next 
succeeding reversal of pressure in the lines 2, 
22, Accordingly, when the table 7 completes its 
next stroke (i. e., for the last roughing cut in 
the cycle of operation of the grinding machine) 
the consequent reversal in pressure in the lines 
2, 22 causes the valve. 56 to be shifted to the left 
(Fig. 11). 

Building up of undue pressure in the line 24 
from the actuator cylinder is prevented after 
contact of the piston 2. With valve stem 53d by 
arranging the pilot valve 54, when shifted to 
the right, to connect line 24 to exhaust. (Fig. 13). 
Thus, a cross passage 90 in the plunger of Valve 
54 connects line 24 to exhaust line 9 through 
the central bore 54b. 
The first result of shifting the pilot valve 56 to 

the left is to establish a connection through it 
from the chamber 52. to exhaust so that the stop 

is withdrawn to permit the final infeed step of 
the actuator. piston 2 (Fig. 11). For that pur 
pose the line 45 leading from the chamber 52 is 
connected to the exhaust line 9 through an an 
nular peripheral groove 56b in the plunger 56a 
of the valve 56 (see Fig. 13). 
A secondary result of shifting the pilot valve 

56 is to establish a connection for actuation of 
the reversing valve 57 upon completion of the 
next or final stroke of the work table 7 (Fig. 12), 
At the completion of such final table stroke (i.e., 
for the final finishing cut on the work in the cycle 
Of the grinding machine) pressure conditions in 
the lines 2, 22 are again reversed (compare Figs. 
11 and 12). Accordingly, if line 2 is the one of 
the pair put under pressure at that time, as is 
the condition indicated in Fig. 12, pressure fluid 
is Supplied from line 2, through valve 54, line 6, 
Valver 55 and line 68 and Wave 56 to a line. O 
leading through a valve 66 and line 8 to the 
righthand end of the valve 57, lines 68 and 70 
being interconnected through an annular periph 
eral groove 56c in the plunger of the valve. 56 (see 
Fig. 13). 
57 to the left, its left end being connected to ex 
haust through line 60 and valve 54. Similarly, if 
pressure happens to be applied to line 22 at such 
time, pressure fluid will also be supplied to line 
0 with like result, but this time through valve 54, 

line. 62, valve 55, and thence through line 69 and 
the annular groove 56c in valve 56(Fig. 13). 

Shifting of the valve 57 to the left as described. 
Causes the valve 3 to be shifted to its reversing 
position and the feed valve 5 to be restored to its 

This shifts the plunger 57a of the valve 
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57 applies pressure from the pressure line 8. 
through the line 73 and a choke 72 to a chamber 
at the upper end of the plunger of the valve 3 
to force the same downward. Pressure fluid is 
also supplied to a chamber at the lower end of 
the actuating piston 74 of the valve 5 to thrust 
the plunger 26 of this valve outward, such pres 
sure fluid being applied through line 73 and a . 
choke 72 as well as from the pressure passage 79. 
and a choke 9 after the valve 3 has shifted. 
The purpose of the chokes 72 and 9 is to make 
it possible to supply line. 73 via either the valve 
57 or 3. The valves 3 and 5 are thus condi 
tioned for rapid return movement of the slide in 
the manner heretofore described in connection 
with Fig. 5. 

It will thus be seen that the stop f is with 
drawn an the slide actuator 2, 2a reversed in 
proper Sequence, and all in carefully coordinated 
timed relation with the intermittent reversals of 
pressure and exhaust in lines 2, 22 Occasioned by 
reciprocations of the work table 7. 

Manual control 

If desired, the machine may be operated by 
manual control of the advance of the side 0 
rather than with an automatic cycle of successive 
steps as described. Such operation is especially 
required for obtaining the initial setting on the 
size wheel 09, while setting the machine to a 
new work piece. In such manually controlled 
infeed of the slide the size control wheel f O9 (Fig. 
1) is turned a desired distance for each successive 
Step. To condition the machine for such manu 
ally controlled operation, two valves are utilized 
in addition to certain of those heretofore noted; 
namely, an automatic: feed disconnect valve 66 
and a size pick-up valve 87 (Fig. 13). 
The disconnect valve 66 is a simple manually 

operable two position rotary valve. When in its 
automatic feed position shown in Fig. 13, it con 
nects line 70 to line 8 for supply of pressure 
fluid for shifting the valve 57 at the appropriate 
point in the cycle, as heretofore described. Turn 
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ing the valve 66 to its alternate position, how 
ever, connects the line 8 to the exhaust line f 9 
and interrupts the connection to line T0 so that 
shifting of the valve 57 leftward is disabled. 
The pickup valve 87 is a two position plunger 

type valve having a plunger 92 equipped with an 
Operating handle 92d and slidable in a casing 92b. 
Pressure fluid from the line 8 constantly urges 
the plunger 92 outward. Annular peripheral 
grooves 92c, 92d and 92e in the plunger are inter 
connected by an axial bore 92f in the plunger, 
grooves 92c and 92d having the same spacing as 
portS. from the lines 25 and 9. 
ASSunning the Slide O is Withdrawn its full dis 

tance, the machine is conditioned for manual 
operation by turning the valve 66 to connect line 
8 to exhaust. The valve 3 is then shifted man 
ually to its forward position, whereupon the slide 
advances rapidly, just as in the automatic cycle, 
until the valve 5 is tripped. Then the operator 
pushes in valve 87, connecting line 25 to exhaust 
So that the advance of the piston 2 continues 
without interruption until it comes up against 
the stop bushing 7. The direction of travel for 
the table 7 is reversed manually. This will ex 
haust chamber 52 causing piston 2 to be shifted 
to the maximum forward stop position. Either 
desired subsequent advance of the wheel slide 8 
for grinding or location of the wheel slide at a 
desired final stopped position may be obtained 

initial or rapid position (Fig. 12). Thus valve 75 by turning the size wheel 09. If it is desired to 
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grind automatically, after the size setting is thus 
established, valves 66 and 3 are shifted, dog 35, 
knob 50a and pin 38 are adjusted, and the ma 
chine is ready for the automatic cycle. 
The valve 87 may also be used in effecting rapid 

restoration of the wheel slide 0 to a previous 
operating position after interruption of the auto 
matic cycle. Should it be necessary to withdraw 
the grinding wheel at any time during the auto 
matic infeed, the operator need only shift the 
valve 3 to its reverse position by means of the 
rotary operating device 3d. (Fig. 13) having 
thereon an eccentric pin 3b received in a slot in 
the side of the plunger 3c. Then to restore the 
wheel to its previous position, the slide need not 
be advanced step-by-step in alternation with 
Strokes of the table. Instead, the valve f3 is 
shifted manually to its advance position, and 
When the rapid advance of the slide has been 
terminated by tripping of the valve 5, the oper 
ator pushes in the valve 87. As previously noted, 
this connects line 25 to exhaust so that the slide 
piston 2 advances rapidly. When the operator 
observes that the grinding wheel is approached 
close to its previous position, he releases the 
valve 87. The latter is thrust back out by the 
biasing pressure from line 8, thereby interrupt 
ing the connection of the line 25 to exhaust, and 
the system resumes its normal automatic step 
by-step advance of the wheel slide. 

Leakage prevention in metering circuit 

Step-by-step advance of the slide 9 is, as 
heretofore described in connection with Figs. 3 
and 4, accomplished by metering out successive 
increments of fluid from the actuator cylinder 
2a via the lines 24, 25 and metering plunger S. 
In the event that each step of advance is but a 
few thousandths of an inch, as is the case in a 
grinding machine, even a small volume of fluid 
leaked from the metering line or circuit would 
result in a large percentage error in the length 
of the Step. Even in instances where longer steps 
are used, precision results depend upon the pre 
vention of loss of fluid from the metering line. 

Examination of the detail of the path of fluid 
through the metering circuit (see Fig. 13) re 
veals sliding surfaces, along which leakage might 
take place, at a number of points, viz.: along the 
piston 2, the stop bushing 7, the plunger i3c of 
the valve f3, the plunger 26 of the valve 5, 
plunger Aa of the valve 4, the plunger 54a, of 
the pilot valve 54, and along the metering plunger 
6 itself. Even with precision fitting which 

should be used for these sliding parts, some leak 
age would tend to occur. 
The general plan followed in preventing leak 

age from the metering circuit along the various 
sliding parts noted is to maintain the metering 
circuit pressure substantially equal to that in 
some available source of pressure fluid, here the 
pressure line 8, and apply pressure from the 
latter at the sliding parts in question in a man 
ner to counteract any tendency of fluid to flow 
out of the metering circuit between the Sliding 
surfaces and thus to prevent leakage therealong. 
To maintain the pressure in the metering cir 

cuit equal to that in the pressure line 8, the 
active faces of the piston 2 and active face of 
the plunger it are suitably dimensioned. This is 
relatively simple in a grinding machine, diamond 
boring machine, or the like since the load or re 
sistance to the tool offered by the work is very 
uniform as well as being substantially negligible 
in comparison with the positioning pressure 
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from the plunger . Accordingly, the area of 
the plunger is but slightly less than the dif 
ferential in area, between the two faces of the 
piston 2, the plunger having been shown as 
exaggeratedly small in the drawings for the Sake 
of clarity. In machines having heavy work re 
sistance, the same can be compensated by dimen 
sioning piston f2 and plunger or by making 
Some exterior provision for fluid pressure con 
trol. It will be understood, of course, that the 
reference herein to maintenance of pressure in 
line 24 equal to that in line f8 has to do only with 
the feed portion of the cycle (Figs. 2 and 3), for 
in rapid approach the line 24 is exhausted (Fig. 
2). 
With the pressure in lines f8 and 24 equalized 

as described, the fluid pressures, that is, the 
forces per unit area, on opposite faces of the 
piston 2 are balanced so there is no tendency 
for fluid to leak past it from either and to the 
other (see Fig. 3). Pressure from line 8, via 
line 23, is also applied to annular interconnected 
grooves 7a and 7b in the stop bushing 7 so. 
that leakage along it is likewise prevented. In 
this way leakage of fluid trapped in the cylinder 
2a on the advancing side of the piston 2 is 
prevented and all of it forced to emerge from 
the cylinder into the line. 24. - 

Following down the line 24 (Fig. 13) it will 
be seen that in the valve 3 the valve portS are 
formed in a stationary sleeve 3d fixed in the 
casing 3e and receiving the sliding plunger 3c. 
When the plunger 3c is in its upper or advance 
position shown, a peripheral groove 3f therein 
connects lines 24 and 25. In the plunger 3C On 
opposite sides of the annular passage 3f are 
transverse, passages, interconnected by a longi 
tudinal bore 3d and to which pressure fluid is 
supplied from the line 8 through the peripheral 
annular groove 3g which also supplies fluid to 
the line 23. The length of the groove 3g insures 
registry of the same with the port of line 8 in 
either position of the valve plunger So that pres 
sure is always applied in E8, 9 from the line 8. 
Such provision of fluid at 8, 9 equalized in 
pressure with that in lines 23, 25 effectually pre 
vents leakage from the latter along the valve 
plunger 3c. 

Similar precautions against leakage are taken 
in the valves 4, 5 and 54 (see Fig. 13). Thus 
in the valve 4 the valve plunger 4a is provided 
with two peripheral annular grooves 4b and 4c 
which serve to connect the lines 36, 3 leading 
from opposite ends of the metering plunger cyl 
inder a, respectively, to lines 25 and 9 in 
alternate positions of the valve plunger. To 
guard against the leakage of fluid from the line 
25 along the valve plunger Ag from either of 
the passages 4t) or 4c pressure fluid from the 

80 line 8 is supplied to transverse passages. 80 in 
the valve plunger through a longitudinal bore 8 
and an annular peripheral passage 82 in the 
plunger. The latter passage 82 is long enough 
to register with the port from the line 8 in either 

5 of the alternate positions of the plunger 4a: . 
and the transverse passages 89, leading to annu 
lar peripheral grooves, are located on respective 
opposite sides of each of the annular passages 
$b and &c. 
In the valve 5 pressure fluid from the line 8 

is supplied to opposite sides of the port from line 
25 to annular grooves 85 and 85a surrounding 
the valve plunger on opposite sides of the port 
from line 25. In the pilot valve 54 pressure fiuid. 
from the line 8 is directed into ports which, 
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when the valve plunger is in its left position 
shown, register with annular grooves. 86 located 
in the valve plunger on opposite sides of the 
port leading from the line. 24. 

In the case of the metering plunger 6 and its 
associated adjustable stop pin 38, pressure is 
applied from the line 8 to annular grooves 83 
and 84 surrounding respective ones of the same 
to prevent leakage along them. 
I claim as my invention: 
1. In a hydraulic system for effecting a step 

by-step relative movement of a pair of members, 
the combination of a piston and cylinder type 
fluid actuator, means for withdrawing metered 
increments of fluid from the cylinder to effect 
successive steps of advance of the piston within 
the cylinder, means including a movable stop for 
intercepting the advance of the piston, means 
for adjustably limiting movement of Said Stop 
both toward and away from the piston in the 
direction of piston travel, means for ulging Said 
stop to its limit of movement toward the piston, 
and means responsive to completion of the ad 
vance of the piston forward into juxtaposition 
with said stop for freeing the stop for movement 
to its opposite limit position under the thrust of 
the piston in a subsequent and final Step of ad 
vance of the latter, whereby the setting of the 
limit positions of the stop by Said adjustable 
limit means determines the length of Said final 
step of advance for the piston. 

2. The combination with a piston and cylinder 
type actuator, and means for withdrawing deter 
minate metered increments of fluid from the 
cylinder to effect successive steps of relative 
advance for the piston. Within the cylinder,...of 
stop means positionable in response to fluid pres 
sure for adjustably predetermining the length 
of only the last step in the Series. 

3. The combination with a piston and cylinder 
type actuator, and means for withdrawing me 
tered increments of fluid from the cylinder to 
effect successive steps of relative advance for the 
piston within the cylinder, of adjustable stop 
means positionable in response to fluid pressure 
for predetermining the length of the last step 
in the series and positively arresting further ad 
vance of the piston upon the completion of Said 
last step. 

4. The combination of a piston and cylinder 
type actuator, means for supplying pressure fluid 
to one side of said piston and for intermittently 
withdrawing determinate metered increments of 
fluid from the cylinder at the opposite side of Said 
piston to effect successive steps of advance for 
the piston relative to the cylinder, adjustable 
stop means positionable in response to fluid pres 
sure for predetermining the length of the last 
Step in the Series and for positively arresting 
further advance of the piston upon completion 
of Said last step, and means rendered operable 
upon completion of Such last step of advance 
for automatically initiating a change in the pres 
sure fluid connections to effect an uninterrupted 
supply of pressure fluid to said other side of the 
piston and an uninterrupted exhaust of fluid 
from Said cylinder at said one side of the piston 
to thereby effect a substantially continuous rela 
tive movement of said piston and cylinder in a 
direction Opposite to Said stepped advance, 

5. In a delayed action hydraulic control, the 
combination with a fluid operable valve, a pair 
of fluid conductors, and means for intermittently 
connecting alternate ones of said conductors to 
a source of pressure fluid and the remaining one 
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to exhaust, of means including: a second fluid. 
operable valve shiftable alternatively in opposite; 
directions from an initial mid-position upon ap 
plication thereto of pressure fluid from: corre. 
sponding ones of said conductors for connecting 
the other or exhausted one of said conductors in 
each case to said first valve. 

6. In a delayed action hydraulic control, the 
combination with a fluid operable, valve, a pair 
of fluid conductors, and means for intermittently 
connecting alternate ones of said conductors to 
a Source of pressure fluid and the remaining; One 
to exhaust, of means operable upon actuation 
thereof for establishing a connection to Said valve: 
from the One. Of Said conductors which is at the 
moment of Such actuation exhausted and; for 
maintaining Such connection throughout at least. 
the next Succeeding alternation in pressure. and 
exhaust conditions in Said conductors. 

7. In a delayed' action hydraulic control, the 
combination of a pair of fluid conductors; means: 
for intermittently connecting alternate. Ones of 
Said conductors to a source of pressure, fluid and 
the remaining one to exhaust, a first fluid oper 
able valve, means including, a second fluid oper 
able valve shiftable alternately in opposite direct 
tions from an initial mid-position upon applica 
tion thereto of pressure fluid from corresponding 
ones of said conductors for connecting the other 
or exhausted one of said conductors in each case 
to Said first valve, means for shifting said first 
valve from a first position thereof to a second 
position upon application thereto of pressure 
fiuid at the next succeeding alternation of pres 
Sure and exhaust in said conductors following 
a shift of Said Second valve, and means operable 
in response to shift of said first valve, from said 
first to Said Second position thereof for establish 
ing a connection to said third valve from the one: 
of Said conductors which is exhausted in said 
next succeeding alternation of pressure and ex 
haust conditions, whereby pressure fluid will be 
Supplied through the last-mentioned connection 
to Said third valve upon the second succeeding: 
alternation in pressure and exhaust conditions. 
following the shift of Said Second valve. 

8. The combination of a pair of fluid conduct: 
tors, means for intermittently connecting, alter 
nate ones of said conductors to a source of pres 
Sure fluid and the remaining one to exhaust, a 
fluid operable valve, and control means operable. 
upon actuation thereof for establishing a con 
nection to said valve for the supply. of pressure 
fluid thereto for actuating the same from one 
of Said conductors only after two alternations in 
preSSure and exhaust conditions in Said conduct 
tors have followed Such actuation. 

9. In a delayed action hydraulic control, the 
combination of a member shiftable between 
alternate limit positions, means defining a fluid 
pressure chamber for moving said member from 
one of said limit positions to the other upon 
application of fluid pressure to such chamber, 
means defining a relief passage for relieving the 
preSSure in Said chamber, nieahs including a first 
fluid operable valve shiftable between alternate 
positions for opening and closing said relief pas 
sage, a pair of fluid conductors, means for inter 
mittently connecting alternate ones of said con 
ductors to a source of pressure of fluid and the 
other to exhaust, means for shifting said first 
valve to its relief-closing position, and means 
including a second fluid operable valve shiftable 
in respective opposite directions upon application. 
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thereto of pressure fluid from corresponding ones 
of said conductors for connecting the other of 
said conductors to said first valve to apply pres 
sure fiuid to the latter in a direction to shift the 
same to its relief-opening position upon the next 
succeeding reversal in exhaust and preSSure Con 
ditions in said conductors. 

10. In a delayed action hydraulic control, the 
combination of a member shiftable between 
alternate limit positions, means defining a fluid 
pressure chamber for moving said member from 
one limit position to the other upon application 
of fluid pressure to such chamber, a pair of fluid 
conductors, means for intermittently connecting 
alternate ones of said conductors to a source of 
pressure fluid and the other to exhaust, and 
means operable upon actuation thereof for re 
lieving the pressure within said chamber in re 
sponse to the next succeeding alternation in pres 
sure and exhaust conditions in Said conductors 
following such actuation. 

11. In a delayed action hydraulic control, the 
combination of a fluid operable valve, a pair of 
fluid conductors, means for intermittently con 
necting alternate ones of said conductors to a 
source of pressure fluid and the remaining one 
to exhaust, means including a second fluid Oper 
able valve shiftable alternately in opposite direc 
tions from an initial mid-position upon applica 
tion thereto of pressure fluid from corresponding 
ones of said conductors for connecting the other 
or exhausted one of said conductors in each case 
to said first valve, and a third valve shiftable 
between alternate positions in which it respec 
tively connects and disconnects both of Said con 
ductors to said Second Valve. 

12. The combination of a movable member, 
means including a reversible hydraulic actuator 
for traversing said member reversely to and fro 
along a predetermined path, a movable mechani 
cal stop positionable in response to fluid pressure 
and interposed in said path to yieldably intercept 
the motion of said member in one direct on along 
the same, means for automatically initiating a 
reversal of said actuator in response to intercep 
tion of said member by said stop, and means 
manually operable at will to disable Said revers 
ing means, whereby said actuator continuously 
urges said member against the stop after inter 
ception of the member by the stop, and manually 
operable means for adjustably varying the stroke 
of said yieldable stop along Said path. 

13. In a hydraulic system, the combination of 
a piston and cylinder type actuator, a stop men 
ber located at one end of said cylinder in posi 
tion to intercept the relative advance of the piston 
toward said one end of the cylinder, means in 
cluding a pair of rigid abutments for defining 
respective limit positions of movement of Said 
stop member axially of the cylinder, means for 
applying pressure fluid to the outer side of Said 
stop member to urge the same into its limit posi 
tion toward said piston, means including a valve 
for initiating relief of such pressure on said stop 
member, and means positioned for contact by 
said piston upon approach thereof to said stop 
member for actuating said valve. 

14. In a hydraulic system, the combination of 
a piston and cylinder type actuator, a stop men 
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ber located at one end of said cylinder in posi 
tion to intercept the relative advance of the piston 
toward said one end of the cylinder, means in 
cluding a pair of rigid abutments for defining re 
spective limit positions of movement of said stop 75 

18 
member axially of the cylinder, means for apply 
ing pressure fluid to the outer side of said stop 
member to urge the same into its limit position 
toward said piston, a valve, means positioned for 
contact thereof by said piston upon close ap 
proach of the piston to said stop member for 
opening said valve, a pair of fluid conductors, 
means for intermittently connecting alternate 
ones of said conductors to a source of fluid pres 
sure and the other to exhaust, and means for re 
lieving said fluid pressure on the stop member 
in response to the next succeeding alternation 
in pressure and exhaust conditions in said con 
ductors following the opening of said valve by 
Said piston. 

15. In conbination, an actuator cylinder hav 
ing a piston slidable therein with a piston rod 
projecting from but one face of the piston, a stop 
bushing slidably mounted in the end of said 
cylinder adjacent the other face of Said piston, 
means including a pair of rigid abutments en 
gageable with said bushing for limiting its slid 
ing motion axially of the cylinder, means for 
applying pressure fluid to the outer end of said 
bushing to urge the same toward Said piston, a 
valve element having a stem slidable in said 
bushing and projecting from the inner end there 
of in position to be contacted by said piston as 
the latter approaches the Stop bushing, and 
means for initiating the relief of Said fluid pres 
sure on the stop bushing in response to actu 
ation of said valve element by contact of the 
piston with said stem. 

16. In a hydraulic system, the combination of 
a piston and cylinder actuator, means for With 
drawing metered increments of fluid from the 
cylinder to effect a step-by-step relative ad 
vance of the piston within the cylinder, and means 
for maintaining during a portion of said step 
by-step advance a substantial equalization of 
pressure on opposite sides of said piston to pre 
went the leakage of fluid past the same. 

17. In a hydraulic System, the combination of 
an actuator including a piston and cylinder, a 
metering device including a plunger and cylinder, 
means defining an outlet passage from said actu 
ator cylinder to said metering cylinder for With 
drawal from the actuator cylinder of a metered 
increment of fluid corresponding to the displace 
ment shift of said metering plunger upon each 
Stroke of the latter, and means for maintaining 
during withdrawal of said metered increment of 
fluid a substantial equalization of pressures on 
opposite sides of said piston as well as for ap 
plying fluid to the periphery of the plunger in 
termediate its ends at a pressure substantially 
equal to that of the fluid entering said metering 
Cylinder fron said actuator cylinder. 

18. In a hydraulic System, the combination of 
an actuator including a piston and cylinder, 
meals defining an outlet passage from the cyl 
inder for withdrawal of fluid therefrom on the 
advancing side of the piston, means for applying 
pressure fluid to the opposite side of Said piston, 
metering means operable upon successive actu 
ations thereof to effect the displacement from 
said cylinder and through said passage of deter 
Iihinate successive increments of fluid, a movable 
valve element interposed in said paSSage, and 
means for applying to said valve element fluid 
under a pressure substantially equal to that in 
said passage and such application being at plural 

  



253,340. 
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points located on opposite sides of the point of Nanber 
contact of fluid from said passage with said valve: 639,744 
element. ". . 651,502 

MAX A. MATHYS. 882,887 
5. 1:582,468 
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