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1 
The invention relates to hydraulic transmitter 

means of hydraulic apparatus for the control 
and operation of machine tools and other power 
driven machines for which automatic control 
means is advantageous. . . 

It is an object of the invention to provide a 
compact and relatively simple automatic ap 
paratus capable of controlling or directing the 
operation of hydraulically driven machines. 
A further object of the invention is to provide 

such a compact control apparatus mounted in 
dependently of the machine to be directed and 
adapted to be moved and positioned as a unit 
in relation to the directed machine, SO that the 
directer can be used at different times to direct 
different machines and in use can be positioned 
to preserve free access to the directed machine. 
The invention has as another object the pro 

vision of hydraulic pilot apparatus for directing 
positively and accurately limited power move 
ments of a directed machine without the require 
ment of accurate correspondence between move 
ments of the pilot apparatus and the correspond 
ing movements of the directed machine. . 

Another. object of the invention is to provide 
control apparatus. having means affording con 
tinuous visual indication of the operation of the 
device so that departure from normal function 
ing or normal reserve of working fluid can be 
readily and quickly detected by an attendant. 
A further object of the invention is to provide 

control apparatus of the character in question 
capable of varying its own Speed and that of the 
machine controlled as may be desired throughout 
the cycle of operations performed by the ma 
chine. . . . 

Other objects of the invention more or less 
incidental or ancillary to those already stated 
and various objects concerned with details of the 
invention will be apparent from the following 
description of an exemplary embodiment of the 
invention shown in the accompanying drawings. 
For the attainment of its various objects the 

invention consists in certain constructions, ar 
rangements and combinations of parts here 
inafter explained and definitely pointed out 
in the claims. 

In the drawings, - . 
Fig. 1 is a front elevation of unitary apparatus 

comprising the main parts of the control means 
constituting the invention. 

Fig. 2 is a right side elevation of the apparatus 
shown in Fig. 1 with a portion of the casing 
structure broken away to show interior parts 
and with hinged cover portions of the casing 

11 Claims. (CI. 60-54.6). 

s 

O 

5 

20 
drive of a turret lathe. 

25. 

3) 

40 

45 

50 

55 

structure shown in closed position by full lines 
and in open position by dashed lines. 

Fig. 3 is a view partially diagrammatic show 
ing one of the hydraulically actuated elements 
of a machine to be controlled, motor driven 
pump means for supplying power liquid for the 
hydraulic motors of the machine together with 
the principal parts of a unitary control mecha 
nism in accordance with the present invention, 
the parts of the control mechanism being shown 
in plan on an enlarged scale with some parts 
of the mechanism omitted and other parts 
shown in section to disclose interior construc 
tion. 

Fig. 4 is an enlarged sectional view on the 
broken line 4-4 of Fig. 3 with some parts of 
the structure broken away. 

Fig. 5 is a section on the line 5-5 of Fig. 3. 
Fig. 6 is a plan view, more or less diagram 

matic, showing the invention as applied to the 

Fig. 7 is a diagrammatic view indicating the 
hydraulic transmitters of the control apparatus 
and a series of actuating cams in developed 
form such as would be appropriate in the use 
of the invention for the control of the turret 
lathe. - 

Fig. 8 is a face view of a cam blank useful 
in the design and fabrication of cams for the 
control apparatus. 
The invention is particularly adapted for the 

control of machines or apparatus having ele 
ments or groups of elements operable by hy 
draulic motors, usually of the reciprocating 
piston type, and provided with some suitable 
Source of working fluid under pressure, such as 
a motor driven pump which may conveniently 
be associated with the machine. 
With a machine, such as a machine tool, so 

equipped With hydraulic motors, the invention 
contemplates control apparatus comprising hy 
draulically actuated control valves of the follow 
type for the hydraulic motors of the machine 
and novel self-contained automatically actuated 
hydraulic transmitter apparatus adapted to be 
connected by conduits to the hydraulic actuat 
ing means of the follow valves of the machine 
motors and, by application of suitable hydraulic 
impulses to the follow valves, to effect control 
of the machine operation. . 

Referring now in detail to the structures ill 
lustrated in the drawings, numeral designates 
as an entirety (Figs. 1 and 2) a cabinet designed 
to rest upon the floor and house a hydraulic 
transmitter, apparatuts in accordance with the 
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invention. The cabinet is preferably built up 
of sheet steel and is fitted with a pair of botton 
skids 2, 2 adapted to slide upon the floor when 
the apparatus is moved. The front of the cab 
inet may be left open as shown but the top is 
partially closed by cover sections 3 and 4 which 
are hinged on the body of the cabinet at 3d and 
Aa, respectively, so that they can be SWUng down 
Ward to the positions shown in dotted lines to 
give free access to the apparatus within the 

5 

O 
cabinet and at the same time serve as shelves 
for tools and parts when changes and adjust 
ments of the apparatus are being made. The 
rear cover 4 is disposed at a higher level than 
the front cover 3 so that an inspection opening 
or window is provided at 5 for a purpose which 
Will presently appear. The cover 4 is formed 
in its top portion with an opening 4b over which 
are arranged an electric light bulb 6, preferably 
of the elongated tubular type, and a reflector 
7, the purpose of the light being to illuminate 
parts of the enclosed apparatus as viewed 
through opening 5... . . . . 
Within the upper part of the cabinet is a 

rectangular frame 8 secured to the walls of the 
cabinet by bolts or screws (not shown), the 
said frame being inclined downwardly from the 
rear to the front of the cabinet as shown in 
Fig. 2. As best shown in Fig. 3, the rear side 
of frame 8 carries a series of hydraulic trans 
mitters 9, 9 two of which have been omitted to 
facilitate disclosure of other parts. Each trans 
mitter comprises a block 9 formed at its front 
end with a transverse cylinder chamber (Fig. 
4). This chamber is closed at its respective 
ends by heads 2 and 3. Within chamber 
is a piston structure 4 comprising a disc 5, 
hydraulic packing, 6 and retaining ring 7. The 
piston is fast on a rod 8 which is guided at one 
end in a boss carried by the head 2 and at its 
other end extends through an aperture in the 
head 3 fitted with a suitable hydraulic pack 
ing 9. The cylinder block. 0 is formed on its 
top side with a threaded aperture 20 to which 
is connected a conduit 2 designed to connect 
chamber with receiver apparatus which will 
later be described. 
The cylinder block 8 of each transmitter is 

also formed with a top recess to receive an up 
right, open-topped tubular reservoir 22 of trans 
parent material such as plastic or glass. The 
reservoir is designed to hold oil or other work 
ing liquid for the transmitter and has its joint 
with block ?o packed to prevent leakage. Pas 
Sages. 23 and 24 lead from the bottom of the res 
ervoir 22 into the cylinder chamber , the pas 
Sage 2A communicating with chamber ad 
jacent the closure head 3 while passage 23 com 
municates with chamber i? at a point interme 
diate passage 24 and passage 20. With this air 
rangement. the packing 6 of the piston struc 
ture serves to close the passage 23 as the piston 
Imoves forward on its working stroke. A coil 
spring 25 is interposed between the piston 4 and 
the head 2 and is adapted to retract the piston 
following its working stroke. 
To effect the working stroke of the piston 4 

can devices are provided comprising a horizon 
tal cylinder 26 having a cylindrical shell 27 and 
end discs 28, 28 which are centrally apertured 
and secured by set screws or the like on a sup 
porting shaft 29. Shaft 29 in turn is supported 
by anti-friction bearings 30 in the respective 
ends of frame 8. To permit easy removal of the 
cylinder structure as a unit the end Sections of 
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4. 
frame 8 are fitted with Swinging bearing caps 3 
which are hinged at their front ends to the frame 
and are disengageably Secured at their rear ends 
by swinging bolts 32. 

he cylinder 26 is formed peripherally to re 
ceive a series of circumferentially extending 
cams 33, 33, one for each of the transmitters 
9, 9. That is to say, the cylinder has a series 
of circumferentially extending can Seats 2d. ex 
tending radially somewhat beyond the main Sur 
face of the shell 2, and adjacent each Seat Sur 
face 2a the shell is formed with a circumfer 
entially extending shoulder 27b to engage and 
locate one of the cans, each of which has a 
straight longitudinal edge affording a reference 
Surface to cooperate with the locating shoulder 
27 b. Each cam 33 is preferably formed from 
an elongated relatively thin Strip of metal or 
other material susceptible of being manually bent 
from the flat state to circular form and prefer 
ably also possessing sufficient elasticity to return 
Substantially to the flat. State when released. 
Aluminum alloy sheet material of suitable tem 
per is a satisfactory material for the purpose. 

Each of the cams. 33 is provided adjacent its 
two ends with apertures to receive securing 
screws 34, 34 which engage threaded holes 21c, 27c 
of the cylinder drum 27, and is also provided 
adjacent one end with a dowel hole to engage 
a dowel pin 35 attached to drum shell 27. Each 
cam may if desired be provided with additional 
securing screws. Spaced around the periphery of 
the can drum. As will be apparent from Fig. 3, 
each of the cams 33 has one longitudinal edge 
formed with various lobes or active can sections 
to effect desired movements of its hydraulic 
transmitter through the can follower provided 
for that purpose. Such follower is in the form 
of a lever arm 36 fitted at its free end with a 
roller 37 to engage the cam and pivotally sup 
ported at its other end in position to engage the 
projecting end of the piston rod f 8. The pivotal 
Support for the arm 3S is afforded by pin 38 car 
ried by the head of a bolt 39 having a swiveling 
Support in the rear part of receiver block G. 
With this construction the follower arm 36 can 
be raised when desired as indicated by dotted 
lines in Fig. 2 to permit removal of the cam cyl 
inder 26 from frame 8. The swiveling bolt 39 
is fitted with a washer 39a and a coil spring 40 
which engages the bolt washer and yieldingly 
presses the head of the bolt against the adja 
cent face of block O (Fig. 3). To support the 
roller 3 in operative engagement with the edge 
of the cam 33 the side of follower arm 36 where 
it engages the piston rod 8 is formed with an 
angular groove or depression 36a as shown in 
Fig. 4. The engagement between the arm and 
the end of the rod is normally maintained by 
the tension of the spring 25. As is shown in Fig. 
4 the follower arm 36 during normal operation 
lies within a slot 3a of the cylinder head f3. The 
purpose of this is to facilitate manual actuation 
of the can follower for certain purposes which 
Will be referred to later in the description. The 
slot allows Sufficient lifting of arm 36 to disen 
gage its roller 3 from the cam but maintains the 
arm in Operative engagement with piston rod 8. 

For reasons later explained it is desirable to 
be able to adjust the transmitter blocks - O in 
relation to the Supporting frame 8 and to this 
end each block is secured to the frame by a pivot 
pin 4t (Fig. 4) and a clamping screw 42 which 
passes through a hole in the block O somewhat 
larger than the shank of the screw so that the 
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block can be adjusted around the axis of pin 4. 
Rotation of the cam drum is effected by an 

electric motor 43 which is connected to drive a 
variable Speed mechanism 44 which in turn is 
connected through worm and wheel gears to 
drive a pinion 46 meshing with a spur gear 47 
fast on shaft 29 of the cam drum. Preferably 
the motor, variable speed mechanism and worm 
and wheel gears constitute a unitary device which 
is supported on the end of cabinet by a suit 
able bracket 48. With the described gear con 
nection between the motor and the cam drum 
the removal of the latter from its supporting 
frame involves merely the disengagement of the 
bearing caps 3 and separation of spur gear 47 
from the driving pinion 46. For control of motor 
43 it is connected in circuit with switch and re 
lay devices 49 and 49', respectively, of well known 
construction, the switch having a starting but 
ton 49a, and a stop button. 49b. Further refer 
ence will be made to these manual control de 
vices later in the description. 
The apparatus is further provided with safety 

devices comprising an emergency switch 50 which 
is connected in circuit with motor 43. Switch 50 
is normally held in its closed position by means 
of a double-ended dog 5 fixedly secured to a rod 
52 which is slidably mounted in bracket 53 and 
54 attached to the frame 8 (Fig. 3). Dogs 55, 55 
are adjustably clamped on rod 52, each a little to 
the right of the head of one of the pivot 
bolts 39. A coil spring 56 which is interposed 
between one of the dogs 55 and bracket 54 urges 
rod 52 toward the left. Rotation of the rod 52 
is prevented by the disposition of the arms of . 
dog 5 adjacent the horizontal surface of the 
bracket 53. With this arrangement if the dis 
charge of any one of the transmitters should be 
blockaded or movement of the cam follower be 
in any way obstructed the spring 40 of the pivot 
bolt will yield and permit the follower arm 3G 
to Swing about the end of piston rod 8 as a pivot 
With resultant movement of the sliding rod 52 
toward the right and the opening of emergency 
Switch. 5). 
With the hydraulic transmitters actuated by 

the circular or endless form of cams it is apparent 
that a cycle of transmitter movements is effected 
for each rotation of the cam drum 26. For the 
control of Some types of machines and operations 
it may be desirable for the control mechanism, 
When started manually by switch button 49a, to 
run continuously for the performance of a con 
siderable number of control cycles and then be 
stopped by manual switch button 49b. In other 
cases, however, it may be desirable to stop the 
control mechanism at the end of each cycle and 
have the apparatus started again manually. To 
this latter end means are provided to open emer 
gency SWitch 50 at the end of each rotation of 
the drum 26. Said means comprise a lever arm 
5 fitted at its front end with an antifriction 
roller 58 arranged to be engaged by a radial pin 
59 carried by cylinder. 26. At its rear end the 
arm 57 is slotted to receive the end of eye bolt 
60 to which the arm is pivotally connected by 
pin 6. Bolt 60 has a swiveling support in block 
62 carried by frame 8 and is fitted at one end 
With a Washer 63 which is engaged by spring 64 
to hold the arm 57 yieldingly against the side 
Surface of block 62. The rear end of arm 57 is 
engaged by the front end of dog 51 on the sliding 
rod 52 and normally serves as a positive stop 
limiting movement of rod 52 by spring 56. With 
this construction when the control apparatus is 
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6 
started by actuation of the starting, switch 49d 
the cam drum 26 rotates, in the direction of arrow 
R, until pin 59 engages roller. 58 to swing the arm 
57 around the right front corner of block 62 as a 
pivot with resultant movement of the rear end of 
arm 57 to the right. This movement carries dog 
5 to the right and opens emergency switch 50 to 
stop the drive motor 43. . . . . . . . . . . . . . . . 
In order to insure the proper positioning of 

roller 58 in relation to the pin or dog 59, block 
62 is adjustably secured to frame 8 by means of 
pin 65 and clamping screw 66, the clamping screw 
having a sufficiently loose fit in the block to per 
mit the relatively small range of needed adjust 
ment. When multiple cycle operation without 
manual control is desired it is only necessary to 
block up arm 57 to remove roller 58 from the 
path of dog 59, such positioning of arm 57 being 
permitted by the swivel mounting of bolt-60. 
An additional motor control switch 67 is 

mounted on bracket 53 with its actuating arm 
disposed adjacent the rear end of arm 57. The 
switch which is normally open, is closed by the 

- above described Swinging movement of arm 57. 
The purpose of switch 67 will appear at a later 
point in the description. . . . . . . 

It is desirable that the stopping of the can 
mechanism be effected without any considerable 
overrun when the control switch is actuated. To 
this end the motor 43 is preferably equipped with 
a magnetic brake so that it will stop promptly 
when deenergized. Alternatively (and at less 
cost) use may be made of well known switch and 
relay circuit means adapted to give the desired 
quick stopping. . . . . . . . . . . . 
The invention contemplates automatic control 

of the variable speed mechanism 44 through 
which motor 43 is connected to drive the cam 
drum 26. To this end gearing 44 is provided with 
a crank arm 44a connected to actuate the speed 
varying means of the mechanism. As has been 
stated any suitable form of speed varying mech 
anism can be employed but that manufactured 
by Graham Transmissions Inc. of Milwaukee, 
Wisconsin, and shown in U.S. Patent No. 
2,405,957, has been found Satisfactory for use. 
Crank arm 44a is actuated by a hydraulic receiver 
comprising cylinder 68 and piston.69 having a 
rod 70 with a pin and slot. Connection to arm 44d. 
One end of cylinder 68 is connected by a conduit 
2. With one of the hydraulic transmitters 9. 
Thus the hydraulic impulse of the transmitter 
Serves to move the piston 69 against the tension 
of a retracting spring T interposed between the 
piston and One end of cylinder 68. The speed 
change mechanism and the connections between 
it and arm 44a are such that the piston move 
ment Opposed to Spring if increases the speed 
transmitted through pinion 46 and gear 47 to the 
cam drum. Movement of piston 69 in the reverse 
direction by spring 7 correspondingly reduces 
the speed transmitted to the cam cylinder. To 
determine the maximum and minimum speeds 
which may be thus automatically provided by the 
hydraulic mechanism adjustable screws 72, 72 
are mounted on bracket 73 carried by the casing 
of mechanism 44 and serve to limit the swinging 
movement of lever 44a. . . . . . . . 
By means of the described hydraulic devices 

for determining the speed of rotation of the cam 
drum 26 it is possible by the provision of a suit 
ably shaped cam for actuating the transmitter 
connected to cylinder 68 to vary the speed of cam 
movement at will throughout the cycle of rota 
tion of the cam drum. . . ; 
In Fig. 3 of the drawings is shown more or less 
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"diagrammatically a machine element, hydraulic 
motor devices and pressure fluid supply means 
for the motor devices connected in a typical man 
ner to the hydraulic transmitter control necha 
nism already described. Ehe machine element 
74 may be taken as a portion of the turret slide 
of the turret lathe shown in Fig. 6. ASSociated 
with the slide is a hydraulic notor: comprising 
a cylinder 75 anchored at 6 and having a piston 
TT with rod T8 connected by arm 79 to the slide 
element 74. This hydraulic motor is fitted. With 
a hydraulically-actuated control valve of the foll 
low type. The valve comprises a casing 88 pro 
viding a chamber 80a for a spool valve 8 and a 
chamber 80b for an actuating piston 82 having 
its rod-83 extending into chamber 8d to urge the 
valve 8 toward the right against the tension of 
spring 84. The chamber 80b is connected on the 
left-side of piston-82 with one of the conduits 2 
leading to one of the hydraulic transmitters 9. 
Piston rod 8 of the main notor carries an arm. 
85 to which is attached a follow rod 86 extending 
into chamber 80b. The latter chamber, on the 
right side of piston, 82, is open to the atinoSphere 
through vent-87 so that no working fluid for the 
main motor can leak past the packing of iod 63 
and effect the control piston. 
A pump. 88 of constant delivery type is directly 

driven by motor 89 mounted upon the top of a 
sump chamber 90. The pump has its intake co 
nected by a suction pipe 9 with the interior of 
sump-98 and has a discharge pipe 92 With various 
branches to supply a plurality of hydraulic no 
tors: . One such branch92a is shown connected 
to the inlet port of valve casing 80. The right 
end of the control valve chamber 8a discharges 
to a return pipe 93 delivering into sump 30. Pige 
93 may also have branch return lines leading into 
it as indicated in Fig. 3. 
To control the pressure of the Working fluid 

delivered to the hydraulic motor or motors served 
by it discharge pipe 92 is fitted with a by-pass 
valve 94 of well known construction which is 
equipped with relief valve devices comprising cas 
ing 95, ball valve 96 and coil spring 97 which 
yieldingly urges the valve against the inlet port 
of casing 95, the outlet port being connected by 
conduit 98 to sump 90. To automatically vary the 
tension of spring 97 casing 95 is provided With a 
chamber 99 for hydraulic piston 00 having a rod 
to engaging the end of spring 9. With chan 
ber 99 connected as shown through a conduit 2 
with one of the hydraulic transmitters 9 the in 
pulse of the transmitter, determined by its actu 
ating cam, serves to vary the tension of Spring 
97 and hence the pressure at which the valve 96 
opens to control the opening. of by-pass valve 94. 
Casing structure 95 is provided with a relief port 
O2 on the right side of piston (0. 
From what has been said it is apparent that 

the control apparatus is adapted automatically to 
control the amounts or distances of the power 
driven movements of one or more machine ele 
ments, to control the pressure of the working liq 
uid supplied to the motor or motors of the ma 
chine elements during or in different parts of the 
movements of the said elements to thereby vary 
the force of the individual movements, to control 
the sequence in which the movements of the mall 
chine elements occur and also to control the Speed 
with which the cycle or cycles of machine ele 
ment movements, or parts of Such cycles, are 
carried out. - - 
To further illustrate the manner of applying 

the control apparatus to power driven machines 
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3 
Fig. 6. shows.in pian view the application of the 
invention to a turret lathe. The figure shows 
the already described cabinet with its variable 
speed motor drive mechanism and its Series of 
hydraulic transmitter conduits 2, 2 and also 
shows the already described motor pump mecha 
nism for supplying liquid under pressure to hy 
draulic. motors to be automatically controlled, to 
gether with the turret lathe, designated as an 
entirety by the numeral 3. The lathe has a 
frame-structure 04 upon which the slide 74 car 
rying turret mechanism 05 is slidably mounted. 
Slide structure 74 is fitted with the motor and 
valve mechanism 75, 80 already described in con 
nection with Fig. 3. A collet chuck mechanism 

6;for, gripping and advancing the Work to the 
tools is similarly fitted with motor and control 
valve means. 5’, 8-and a cross slide mechanism 

is similarly fitted-with motor and control valve 
The turret, collet and cross 

slide devices are fitted with the usual limit stops 
(not shown) to positively limit their respective 
feed and retraction movements. The transmitter 
conduits, 2 of the control apparatus are shown 
connected to the Speed control and pressure con 
tro-devices-44 and 95 and to each of the hydrau 
lic motor-devices, although the conduits to serve 
the motors of the collet and cross slide mechanism 
are partly broken away to avoid undue complica 
tions. 

it will be observed that the cabinet-encased 
directer is conveniently disposed in front of the 
lathe but Spaced from it to provide passageway 
between the two devices and Secure free access to 
both of them. The transmitter conduits 2 are 
conveniently, disposed at floor level between the 
two machines and covered and protected by a, 
floor plate 98. 
By Way of further explanation of the inven 

tion there is shown in Fig. 7 of the drawing an 
exemplary Set Of actuating canns Suitable for con 
trolling the operation of the turret lathe shown 
in Fig. 6. For clarity the cans are shown in 
their flatform detached from the supporting can 
cylinder. Fron top to bottom of the figure the 
cans are designated “cross Slide,' 'collet' (for 
feed of Work piece), "turret,' 'pressure' and 
'Speed,' corresponding to the several control sta 
tions which have already been referred to in the 
preceding description. Fig. 7 also indicates in 
connection. With each cam the follower arm 36 
and transmitter 9 driven by it. 

It is observed first that each of the cams. 33 
is marked with a longitudinally extending base 
line 9 which is spaced exactly at a standard 
distance from the reference edge of the cam and 
the Surface of the cam at One side of this line is 
marked With transverse lines dividing the 
length of the can into 100 equal subdivisions 
(Fig. 8), every tenth Subdivision being numbered 
from the Starting end of the cam upward. The 
cans move in direction of arrow R. To facili 
tate the design and fabrication of the cams, 
blanks are provided as shown in Fig. 8. The 
Width of the Subdivided Zone of the blank at one 
side of the base line is such as to provide for the 
maximum rise of the cam corresponding to the 
Inaximum Working stroke of the transmitters 9 
of the apparatus. Since the length of the cam 
measured along the base line represents time in 
the rotation of the can cylinder and transverse 
distances measured from the base line represent 
movement of the transmitter mechanism (and 
therefore of the receiver mechanism actuated by 
the transmitter) it will be seen that a cam hav 
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ing a straight line slope represents a substan 
tially uniform rate of transmitter displacement 
for any given speed of cam rotation. The lay 
ing out of the cam, therefore, involves merely 
simple rectangular coordinate measurements to 
establish critical points representing change of 
slope, intermediate points being established by 
straight lines between the critical points. 
With a cam blank such as described a particu 

lar cam, because of the straight line characteris 
tic, is readily laid out and scribed directly on the 
blank, the only departure from the straight line 
outline being at points of intersection of the 
straight line slopes, where the Outline may be 
rounded somewhat to avoid the shock of too 
abrupt change. Thus a can in accordance. With 
the present invention has a cam surface made up 
essentially of a connected Series of planar Sur 
faces that can readily be formed with a high 
degree of accuracy. 
From an inspection of Fig. 7 it will be seen 

that each of the cams has its active edge. On 
or above the base line 09, except that. at one 
point, in the case of each cam, a notch. 2 is 
formed to permit the cam follower to move below 
the base line... The purpose of the notches fl2 
will be explained presently in tracing the opera 
tion of the apparatus. . . 

Operation 
ASSuming that the control apparatus which has 

been described is provided with a set of cams 
such as are shown in Fig. 7 and the apparatus is 
to be connected as shown in Fig. 6 for the con 
trol of the turret lathe, in an initial use of the 
apparatus it would be appropriate to fill with 
working liquid the transmitter and receiver cham 
bers and the conduits 2 connecting them. To 
facilitate, the introduction of the Working fluid 
the receiver part of the control valve casings 80 
may be provided with air vent apertures normally 
closed by screw plugs such as shown at 80c. (Fig. 
3). Having removed or loosened plugs 80c the 
working liquid, which will preferably be colored 
red or some other striking color that will readily 
catch the eye, may be introduced into the open 
topped reservoirs 22 of the several receivers. 
With the transmitter pistons in their right hand 
positions and with the closure plugs 80c open to 
permit escape of air, the liquid willflow from the 
reservoirs through passage 23.into the trans 
mitter chambers and thence through conduits 2 
to the several receiver chambers, whereupon plugs 
80c may be replaced or retightened. During the 

55 filling operations the cam follower arms 36 may 
be moved manually to actuate transmitter pistons 
f4 for the purpose of facilitating the filling of 
the conduits 2 and receiver chambers. The 
fact that conduits 2 are made of transparent 
material permits the detection of any air bubbles 
in the line, and upon discovery of such bubbles 
the nearest joint may be opened or loosened suff 
ciently to permit the trapped air to be vented 
to the atmosphere. 
With the control system suitably filled with 

working fluid the next step in initiating operation 
of the apparatus is adjustment of the blocks 10 
of the transmitters 9 to insure the proper posi 
tioning of the transmitter pistons 4 in relation 
to the passage 23 when the cam follower roller 
is tangent to the base line of the cams. Such 
adjustment can conveniently be made before cams 
are attached to the supporting cylinder 26 by 
clamping on the cylinder in place of the cam a 
short gauge having a width equal to the distance 

10 

5 

10. 
between the base line of a cam and the right 
edge thereof, as viewed in Fig. 3, such gauge being 
moved from one cam seat to another as the blocks 
iO are successively adjusted. Ineffecting the ad 
justment the anti-friction roller of arm 36 is held 
against the edge of the gauge, and with the 
clamping screw 42 loosened, block iO is turned in 
the clockwise direction on pivot pin. A to permit 
Spring 25 to move the piston to the right of pas 
Sage 23. The block U is then slowly turned in 
the opposite direction to effect movement of 
piston 14 toward the left (Fig. 4). During this 
movement the level of the liquid in reservoir 22 
remains fixed until the front edge of piston pack 
ing 6 completely closes passage 23, at which point 
the level of the liquid starts to fall incident to 
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flow through passage 24 into the space to the 
right of the piston. The start of the change in 
the liquid level thus indicates the point at which 
the clamping screw, 42 is to be tightened to fix 
the block 10 in its proper working position. In 
this connection it. Will be apparent that the Sup 
porting bearings of the cam cylinder must be 
such as to avoid endwise movement of the cyl 
inder. 
With the adjustment effected in the manner 

stated the cam cylinder may be lifted from its 
bearing Supports for the mounting thereon of 
cams suitable for the particular motor-driven 
machine or operation to be controlled. For the 
control of the turret lathe (Fig. 6) it may be 
aSSumed that the set of cams shown in Fig. 7 
is employed. If the machine is to be stopped 
automatically at the end of each cycle the con 
trol arm 57 will be lowered into operative posi 
tion to be engaged by dog 59 of the cam cylinder. 
The Operator or attendant starts the operation 
by pressing button 49a of switch 49. The cam 
cylinder thereupon is rotated in the direction of 
arrow R. (Fig. 3) to carry out the cycle of opera 
tions determined by the forms of the five cams. 
As illustrative both of the kinds of considera 

tions involved in the design of the cams and of 
the advantages attained with the present inven 
tion. Some of the characteristics of the cams of 
Fig. 7 are here noted. In the case of the turret 
cam there is a level-topped lobe between 0 and 10. 
This results in turret station (Fig. 6) being held 
toward the left with the turret stop rod presented 
to the bar stock coming through the spindle. Cor 
respondingly the collet cam has a rise and fall 
between 0 and 10, which causes the collet mecha 
nism first to open and retract and then close and 
advance bar stock through the spindle. This re 
quires heavy hydraulic pressure for cylinder 75' 
which is provided for by making the pressure 
cam with a high-lobe between 0 and 10 so that the 
pump 88 will provide its maximum pressure. It 
is desirable to operate the collet rapidly but the 
cam slope that can be used is limited to about 
45 to prevent undue tangential stress. Conse 
quently it is desirable to turn the cam drum 
rapidly and the speed cam is made high to pro 
vide the high speed. Meanwhile the cross slide 
can is level at only half the maximum height 
to hold the cross slide in central or inoperative 
position. . . . . . . 
At point.0 the turret cam drops (rapidly at 

first but more slowly at the end where the cam 
slope is curved) to retract the turret and index 
it to its number 2 position whereupon it is again 
returned to the work. As will be noted, the form 
of the cam for this return motion is first fast 
and then slower at feed rate as the drill engages 
the Work, the flatter cam slope at 20 being for 
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the feed motion. This operation-takes sometime 
and if the drum should continue to turn at high 
speed an undue portion of the drum circumfer 
ence would be exhausted. Accordingly the-Speed 
cam is-made low beginning at about 17. 

Next there follows a fail-and rise of the turret 
can between 24 and 30- which indexes the turret 
to its number 3-position. Such indexing calls-for 
a long-rapid stroke: so - a corresponding rise be 
tween 24 and 30-is provided on the Speed can: 
Similarly-turret tools 3 and 4 are fed-through 
to 50 on the turret can and then follows two in 
dexes for the empty-turret stations- 5 and 6 to 
point 3-on-the-cam Just as the last turret tool 
is retreating at 48 (turret cam), the cross slide 
advances to present the front forming tool. This 
is a long-feed movement but there is plenty of 
cam length available to finish the operation. So 
the-moderate-rotational speed is maintained as 
shown by-the-level-section of the Speed can from 
44 to 85. After-the-front forming cut is finished 
by the cross slide, its can reverses at 74 and, 
between 75 and 85, presents the rear cut-off tool 
to cut off the workpiece. 
At some point in each rotation of the can drun 

it is desirable to effect refilling of... the -hydraulic 
pilot systems and in the case of the turret lathe 
application it is convenient to provides each can 
with a filler notch-I-2- between points 85 and 98 
on the several cams. These notches fall-below the 
base line 99 of the cams and, as will be recalled, 
this permits the front edge of packing 6 of 
piston 4 (Fig. 4) to pass to the right of passage 
23. thus opening chamber. - to reservoir. 22. This 
allows replenishment to compensate for any slight 
leakage, and to permit escapes of air upward 
through the reservoir: The appearance. Of air 
bubbles rising in the reservoir Will' Warn of a 
leak somewhere in the pilot System and the opera 
tor can promptly locate the leak and remove it. 
Thus the pilot systems are normalized once in 

each cycle. In the present example this action 
occurs at the same time in all of the pilot Systems 
but the filler notches of the cams can be located 
at any point that does not interfere with an 
active operation. - 
Between points 90 and 100 all the cams return 

to their original heights to match the Zero ends 
thereof; 
The cams are seen to be simple-right angle co 
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ordinate graphs of the operations to be performed . 
and can be laid out by any intelligent mechanic 
having a -knowledge of the machine Operations 
to be controlled. Furthermore the cams are light 
in weight and when dismounted from the drums 
take substantially their original flat form which 
facilitates their compact storage for use at a 
future date. They form and preserve a record of 
timing and feed rates that in other types of ap 
paratus would have to be worked out a new with 
each repeated setup. This is unnecessary With 
the improved cam apparatus because of the man 
ner in which the cams are laid out and positioned 
on the rotary carrier, the active can Surfaces 
being laid down in relation to the straight refer 
ence surrface of the individual can and the latter 
surface being positioned by the locating flange 
of the carrier so that it is disposed at right angles 
to the axis of rotation. Thus a disassembled Set 
of cams can be quickly and easily reassembled 
on the carrier with assurance that the assembly 
Will accurately reproduce its prior performance. 
The dismounting of a set of cams from the 

carrier or their reassembly thereon is facilitated 
by the ease with which the carrier can be lifted. 
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2. 
from its bearing Supports: and moved; to similar: 
Supports at a work bench. This also has the: 
advantage that any mechanism-of-which the cam 
apparatus is a part is not tied up while the came 
Set-up is being changed: - v- - 
The possibility of laying out-and-machining the 

straight line cam-surfaces or fiat Strip-material 
enormously. Simplifies-and-facilitates the fabrica. 
tion, in comparison. Withi-prior practice.- Thus 
the flat cam-strip can be gripped in a fixture for. 
grinding. On- a Surface grinder and a required 
planar Can. Surface-produced. With a high degree 
of accuracy in-a-Very short-time; and With all of 
the cam Surfaces of a cam strip. laid: out, and 
ground With reference, to the common-reference 
edge of the strip a cam can be completed in. a. 
much shorter time-and-at-a-much-lower cost than 
is feasible by other known methods of camfabrie 
cation of comparable accuracy. 

Design considerations 
In the practice of the in Yention certain, design, 

considerations should be borne in minds Thus. 
the Springs; 4) (Fig. 3) associated with the pivot. 
bolts 39 should be of a length...to permit sufficient 
movement of the bolts...to; accommodate the full 
throw of the actuating cams. So that...if for any. 
reaSOn the Safety Switch 50 should fail to Operate, 
no harm will be done. The springs 40 should be 
Stronger than the retraction springs 25 of the 
transmitters and Spring 84 in the follow valve.80 
So as not to yield under maximum normal press. 
Sure in the pilot System. The spring-56 associated 
With safety. rod 52 should of course, be strong. 
enough to . Overcome friction- of the rods 52 in its 
SupportS-and close. Switch 50. 
Spring 25 of the transmitters: need not be: a. 

heaVy. One but is needed to. retract piston. 4 in. 
case: leakage from the system results in-insuff 
cient. Working fluid for spring 84 of the follow : 
Valve to return piston-packing 6 of the trans 
mitter far enough to uncover replenishment pass. 
Sage 23. In case of such fluid shortage a partial 
vacuum will beformed by the retraction of piston. 
4 by Spring 25 with resultant collapse of pack. 
ing 6 from the wall of chamber 1 and admis 
Sion of Working fluid to said chamber from the . 
reServoir at any part of the return stroke; 
The hydraulic pilot system comprising trans 

mitter chamber 1, conduit 2- and receiver cham 
ber. Bob constitutes: theoretically a rigid means of 
transmitting motion from cam 33 to piston 82: 
Of the receiver. Practically: this ideal is not 
realized. Cam follower arm 36 will flex slightly 
under load, the various: hydraulic packings are 
resilient and slightly compressible and there is 
usually a slight amount of compressible air -in'. 
the working fluid. Therefore for uniformity of 
action it is important to keep the load on the 
pilot System as nearly constant as possible, As 
this load is largely determined by spring 84 of 
the control valve this: spring should be made: 
sufficiently flexible so that it does not change 
preSSure much in the stroke of Wave 8. 
When the controlled-hydraulic motoris moving 

at constant speed (due to straight line slope of 
the control cam) the noted inaccuracies of the 
hydraulic pilot System have no-effect because-the 
follow valve is then stationary. However, the 
timing of the starting and stopping-of-the-con 
trolled motor and its changes in speed are affected 
by the inaccuracies and, accordingly, the system 
is particularly useful for the control of machine 
parts having movements determined by fixed 
stops of the machine; as in the case-of-the-turret 
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and cross slides and the collet of the turret lathe. 
The controls of the cam speed and of the Work 
ing pressure of the power liquid do not call for 
high accuracy either as to amount or timing. 
In applying the present invention to the control, 
of Such definitely limited machine movements. 
the yieldable mounting of the cam follower arms 
makes it possible to design the pilot cams to pro 
duce slightly longer transmitter strokes than are 
required to complete the power driven machine 
element movements to engagement with their 
respective Stops; for when engagement with the . 
stops occurs the Small additional movements of 
the cam followers are accommodated by the yield 
ing of Springs 49. . It is to permit such small 
movement of pivot bolts 39 without opening 
SWitch 50 that small clearances are provided be 
tween bolts 39 and dogs 55 (Fig. 3). 
The control valve 8 can be made practically 

non-reactive to liquid flow through it. Rod 83 
enters the power System on the exhaust side where 
the pressure is nominally zero. In practice this 
preSSure varies Widely and may rise to quite a 
high value. Rod 83 should therefore be made 
as Small in diameter as is mechanically practical 
to minimize the effect of exhaust pressure varia 
tion. An adequate vent passage 87 is required 
to positively protect the pilot system from gaining 
oil from the power system. 

In the design of the follow device for the motor 
control Valve it should be observed that the move 
ment of the motor piston TT is determined by the 
cubic displacement of transmitter piston 4 in 
relation to the cubic displacement of the follow 
rod 86 of the hydraulic receiver. Thus if it is 
desired to provide a motor cylinder 75 With a 
longer stroke, rod 86 must be lengthened but 
Correspondingly reduced in diameter. In a Word 
the hydraulic motor with its hydraulically actu 
ated follow valve constitutes a hydraulic power 
amplifier of known character. 
In connection with the device for controlling 

the pressure of the power fluid, it might seem 
that the desired control is a mere matter of trans 
mitting Suitable pressure to the relief ball 96 
(Fig. 3) and that resilience in the associated pilot 
System which applies the pressure would not be 
detrimental. However, it has been found neces 
Sary to make the pilot system as little reactive to 
exhaust pressure as possible. Accordingly the 
piston rod Of which engages the spring 97 is 
made of Small diameter relative to piston OO. 
If this is not done the device chatters badly. 
In actuating machines by hydraulic pressure it 

is generally desirable to employ pressures only 
moderately higher than is necessary to do the 
required Work. In the present improved appara 
tus the provision for the automatic variation of 
the pressure of the working fluid supplied to the 
pOWer motors meets this requirement of moderate 
preSSures. However, possible abnormal variation 
of Operating conditions renders such provision of 
automatic control insufficient. Thus in the case 
of control of machine tools if a cutter developed 
marked dullness or if a slide were blockaded ac 
cidentally the actuating motor cylinder would be 
unable to follow the impulse of the pilot system 
and, as appears from Fig. 3, the follow rod 86 
Would not withdraw from the chamber 80a as fast 
as liquid was delivered from transmitter 9. Under 
these conditions it is apparent that the liquid in 
the pilot System would be blockaded and piston 4 
of the transmitter would not respond to its actu 
ating cam. In such a case spring 84 of the follow 
valve, depending on the position of the latter, 
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14 
might yield somewhat and afford some relief, but 
for general reliance it is clear that the yieldable 
mounting of the cam follower arm 36 and the 
safety switch provision of the directer apparatus 
are needed. v 

While the invention has been shown as emi 
bodied in a unitary cabinet disposable apart from 
the machine to be controlled, it will be understood 
that in cases where machines to be controlled (for 
example, Special purpose machines) are intended 
to be operated continuously the cam-driven trans 
mitter mechanism can be mounted. On the frame 
of the controlled machine and that the compact 
unitary character of the mechanism, comprising 
the rotary can drum, the hydraulic transmitters 
and the common Supporting frame of those parts, 
especially adapts the invention to such applica 
tions. . . . . . . : . . . . . . . . . . . 
When the directer is operated in a manner pre 

viously described to stop the cam cylinder auto 
matically at the end of each cycle, the directer 
can be re-started only by pressing the start but 
tion of the manual SWitch 49. For this reason it 
may be desirable in many instances to mount the 
stop and start SWitch. On the directed machine and 
connect back to the directer with Suitable wiring. 
In the illustrative embodiment of the invention 

disclosed herein the invention is applied to the 
direction of a power driven machine having move 
ments of its elements accurately determined in 
amount by fixed stops forming parts of the ma 
chine, but it is to be understood that fundamental 
principles of the invention are applicable also to 
the direction of other types of machines in which 
it is not feasible, or not desirable, to make such 
use of fixed Stops. An example of Such other 
machines is found in duplicator machines in 
which the Work-engaging tool travels in an ir 
regular path determined by a model of the thing 
to be reproduced. 
To those skilled in the relevant arts it will be 

apparent that the present invention is applicable 
to the control of a wide variety of machines and 
that the manner of application and the structural 
embodiment of the invention both as a whole and 
in its parts may take. a wide range of equivalent 
forms within the bounds of the following claims. 
What is claimed is: 
1. In hydraulic apparatus, the combination of 

a plurality of fluid pressure transmitters of which 
each comprises a cylinder and a cooperating pis 
ton; can means for actuating the transmitter 
pistons comprising a movably mounted cam car 
rier, cams mounted thereon and driving connec 
tions between each cam and one of the said trans 
mitter pistons; variable-Speed motor means for 
actuating the cam carrier; and hydraulic means 
actuated by one of the transmitters for control 
ling the speed of the motor means and thereby of 
all the cams. . 

2. In a hydraulic apparatus, the combination of 
a plurality of transmitters each comprising a 
cylinder and a piston; cam means for actuating 
the transmitter pistons comprising a rotatably 
mounted motor-driven drum, cams mounted on 
the drum, cam followers, and yieldably mounted 
Supports to which the cam followers are pivotally 
connected; means for controlling application of 
the motor power to the drum comprising a mov 
ably mounted device common to the yieldable 
Supports of the can followers and operable by 
yielding movement of any one of the said supports 
to interrupt the application of power to the drum. 

3. Apparatus as claimed in claim 2 in which the 
movably mounted device common to the yieldable 
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supports of the can followers is operable by said 
Supports only after a predetermined yielding 
movement of the latter... . . . . 

4. In hydraulic apparatus, the combination of 
3, plurality of transmitters each comprising a 
cylinder, and a piston; ca.m. means...for actuating 
the transmitter, pistons comprising: a rotatably 
mounted drum, cams mounted on the drum, cam 
followers, and yieldably...mounted supports to 
which the can followers are pivotally connected; 
electric motor means for rotating the can drum; 
a switch...for controlling the motor circuit; and 
movably mounted means:common to the yieldable 
Supports. Of the can followers and operable by 
yielding movement of any one of said supports. 
to Open,the motor circuit-switch. 

5. Hydraulic apparatus as: claimed in claim.4 
in Which the means for opening the motor circuit. 
Switch is operable by the yieldable supports of the 
cam followers only after, a predetermined yielding 
novement of a support. . . 

6. In hydraulic apparatus, the combination of 
hydraulic transmitter. means comprising a cylin 
der, a piston...therein and cam means, for moving 
the piston, a part of the transmitter means being. 
adjustable...relative to the .cam means while the 
transmitter means are operatively assembled; a 
reservoir for Working fluid...associated with the 
tranSImitter cylinder; means affording communi 
cation. between the reservoir and the working. 
Space of the transmitter cylinder on...the advance 
side of its piston only when the transmitter piston 
is in retracted position; and means affording.com 
munication between the reservoir and the cylinder. 
Space to the rear. Of the piston in all positions of 
the piston, the point. at , which communication. 
between the reservoir, and the working space of 
the transmitter cylinder on, the: advance side, of 
the piston is cut off in the advance movement of 
the transmitter piston being variable in relation. 
to the movement of the cam by adjustment of 
the adjustable;part of the said transmitter-means 
and movement. Of the level of fluid in the reservoir 
Serving, during such adjustment to indicate the 
cut-off position of the piston. . 

7. Hydraulic apparatus as claimed: in claim. 6 
in which the transmitter means comprises a plu 
rality of Sets of cylinders, pistons: and reservoirs 
and the cam means comprises a plurality of the 
cams mounted. On a common novable Support, 
with each can cooperating with one of the said 
SetS. 

8. Hydraulic apparatus as claimed, in claim 6 
in which the transmitter-cylinder constitutes the 
adjustable part of the transmitter means. 

9. In hydraulic apparatus, the combination of 
hydraulic transmitter means comprising a cylin 
der, a piston therein and means for advancing 
and retracting the piston; an upright open-topped 
reservoir for Working fluid disposed at: a level 
above the cylinder, said reservoir having a trans 
parent wall, a uniform bore and a volume not less. 
than the maximum working displacement of the 
piston; and means affording communication be 
tween the reservoir and the transmitter cylinder 
at the rear of the transmitter piston, whereby 
movement and position of said piston-is-shown-by, 
the fall and rise of liquid in the reservoir. during. 
the advance and retraction, respectively, of the 
piston, 
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6. 
... 10. In hydraulic apparatus, the combination of 
hydraulic tranSmitter means comprising: a cylin 
der, a piston, therein and means for advancing 
and retracting the piston; an upright open-topped 
reServoir for: Working fluid disposed at a level 
above the cylinder, Said reservoir having as trans 
parent Wall, a uniform bore and a volume not less 
that the maximum Working, displacement of the 
piston; means affording... communication between 
the reservoir and the working space of the trans 
mitter cylinder on the advance side of its piston 
only when the said piston is in retracted position; 
and means, affording. Substantially continuous. 
Communication between the reservoir and the 
transmitter cylinder at the rear of its piston, 
whereby movement and position of said piston is 
shown by the fall and rise of liquid in the reser 
Woir during the advance and retraction, respect 
tively, of the piston. 

11. In hydraulic apparatus; the combination of 
a cylinder and piston, transmitter; a cam drum 
rotatably mounted adjacent to the transmitter; a 
can extending around the drum and supported 
thereby, said can having a can surface disposed 
tranSversely of the drum axis; and drive means 
between the can and the transmitter piston com 
prising a lever arranged to engage the said can 
Surface as follower and pivotally mounted to per 
mit its disengagement from the cam by movement 
transverse to the drum axis without its operative 
disconnection from the transmitter piston, where 
by the lever can be manually disengaged from the 
can and noved manually to actuate: the trans 
mitter, 
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