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1 ,
This invention relates to control systems and,
in particular, to electric control systems for hy-
" draulic machinery, oo
It is well known that when. a hydraulic press
stands idle for a relatively long period of time,
" the press ram gradually slides or creeps down-
wardly due to leakage around hydraulically oper-
able driving means operatively connected with
the press:ram, When then the press is to be put
into operation, the ram has first to be returned
-to its retracted or starting position. In case tne
-driving fluid is supplied by g pump of the variable
delivery type, it is customary, for the sake of sim-
plicity; to positively connect the said pump with
an- electric motor for driving the pump, so that
when the electric motor is started, also the pump
is started, while substantially simultaneously the
pump is automatically_‘ moved into return stroke
position, if it does not already occupy the said
- return stroke position, . ) o
' Since, under these circumstances, the electric
motor has to start under full loaq ¢
a relatively long period of idleness of the press,
the .ram has to be returned to its retracted or
startinig position, special starter means is re-
quired to protect the electric motor. Further-
more, the power required for this initial or con-
ditioning operation is relatively high,
- It is, therefore, an object of this invention to
brovide a-control system which may be used in
connection with hydraulic
ing the above mentioned drawbacks,
It is another object of the invention to provide
a. control system for hydraiilic machinery, such
as -presses, which includes g, pressure fluid source
of variable delivery and electric driving means
therefor,” and in which automatic means ' is
provided ‘adapted to allow the fluid source to

-~supply its full delivery to the hydraulic machin--

ery for actuating the ‘same only after the driving
.means has been brought up to its full speed.

=.» Ib.is.another object to provide a control system
¢luding a fluid source of variahle delivery for
Pplying pressure fluid to a fluid operable plung-

d-;source; -in ‘which- starting .of the driving
ans. automatically ‘causes the fluid source to
er. pressure- fluid ; to. said plunger after the

speed, . thereby causing the -plunger to move to
8 bredetermined point. at- which . it stops auto-

. matically, .

11 Claims.

hen, after

and. electric .driving means for driving said -

10

able plunger and electric driving means for driv.-
ing said fluid source, in’ which safety means is
brovided which prevents the plunger from start-
ing a working cycle if the plunger occupies a po-
sition intermediate its end Positions while’ the
driving means is being started. .
. A further object of the invention consists in
the provision of 5 control system for hydrautic
machinery, which includes @ fluid source of vari-
able delivery for supplying pressure fluid to a
fluid operable Blunger, and in which the speed
of the plunger is automatically slowed down when
it approaches g predetermined point .of travel .
and has-its speed automatically increased again
following the said slow down.

It is a still further object of the invention to
provide a contro] system as set forth'above, which

includes stop means operable at any desired point
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Dbresses for remedy- .
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driving means has bee "brought up to a desired .

It ds stin ;ahotliér"objgct- to ‘ﬁz:diilide a control

system

em including a fluid source of variable deliv-
_er:yﬁ Tor supplying pressure fluid to a fluid oper~

1.3

of .travel of a fluid operable plunger for halting
the latter virtually instantaneously. C

These and other objects and advantages of the
invention wiil abpear more clearly from the foi-
lowing specification in connection with the ac-
companying drawings, in which:

Figure 1 diagrammatically illustrates g press
circuit in connection with which the control sys-
tem according to the invention may be tised.

Figure 2 shows a variation of some. details iI- -
lustrated in Figure 1. i ’

Figure 3 is an electric
ing to the invention,

General arrangement

The electric cireuit according to the invention
is illustrated by way of example in connection
with the control mechanism shown In Figures 1
and 2, which control mechanism comprises two
thrustors connected-with a varigble delivery pump
in. such a manner that actuation of one thrustor
shifts the pump into full stroke delivery posi-
tion, whereas the other thrustor, when moved
into a first position, causes a reduction in the de-
livery of the pump and, when’ moved into a sec-
ond . pcsition, causes the pump to move into sub-
stantially neutral or no delivery position.

When the control system according to the in-
vention is used in connection with a hydraulic
press supplied with pressure fluid from a varigble
delivery pump, and the press Yam, after a period
of idleness, is to be returned from a position in-
termediate. its end- positions to its initial or start-
ing position, a starter or conditioning switch is
actuated. The actuation of this switch auto-
matically. causes first the second mentioned

control system accord-

thrustor to positively move the pump into or hold
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3 .
the same in its neuiral position, and thereafter
" starts the driving motor for the pump. When the
driving motor has been brought up to full speed,
the pump is automatically shifted into full deliv-
ery retraction stroke position, thereby returning
the press ram to its retracted or starting posi-
tion. When the ram has reached this position,

Figure 1, it will engage and stop the arm 21 when

~ the latter moves downwardly from the position

<t

it automatically comes to a stop, irrespective of

whether or not the press has previously been con-
ditioned for full automatic operation, i. e., auto-

matically to start a working cycle whenever the
press ram has been returned to its retracted or
starting position. '

To start s working cycle of the press Tam, 8n -

electric circuit is closed by actuation of a-switch,
whereupon the press ram
at high speed to a predetermined point where it
is automatically slowed down for a very brief
period of time. Thereupon, the speed of the ram
is again automatically increased and the ram
continues its stroke up to a desired point. When
the ram reaches this point, its movement is au-
tomatically reversed and the ram is returned to
its retracted or starting position. R

If the press was conditioned for semi-auto-
matic operation, the ram comes to a stop ab

its retracted position, whereas it immediately
starts a new cycle in case the press was condi- -

tioned for full automatic operation.

The electric control system according to the
invention also includes means which may be op-
erated at any desired point of travel of the ram
for bringing the latter to & substantially instan-
taneous stop. : :

Structural arrangement

Referring now to the drawings in detail, -the'

16

automatically advances =’ : | with motor 39.

" 38 is adapted to’be driven by & prime.in

-such as an electricmotor.. ~.- o o o
associated therewitha pilot:. . -
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shown in Figure 1. .

The three arm lever {2 is shiftable about a
pivot 29 and has its arm 30 pivotally connected
to a control or thrustor rod 3l, which latter is
pivotally ‘connected to the element 32 pertaining
to an electrically controlled thrustor Ti. The
right hand end of the lever arm 30 has connected
thereto one end of & spring 33, the other end of
which is connected to a stationary element 34.

The third arm 35 of the three arm lever 12'is
pivetally connected to a link 36 which is pivotally
connected to & flow control rod 37 pertaming to a

‘variable delivery.-pump, generally designated 38;
and provided: with.a servomotor 39. :The pump.
PM:. B

“The pump 38"

pump 40. ‘The pumps 38 and 40 arc driven by, -

one and the same shaft, and may be arranged in- -
the manner disclosed:in the Ernst; Patent No.’

2,168,669. .

The pump 38 is pr X st
the Ernst Patent No. 2;184;665, in which fluid
from the pilot pump: is'adapted to shift the flow

. control rod 37 selectively into forward or return
- stroke position. Furthermore, centering springs,
not shown in the drawings, are provided in-a
‘manner similar to thag disclosed in the said Emst
- Patent No, 2,184,665, which springs.tend to hold :

the pump in neutral or no delivery position.

From the above it will be clear that when the -~
motor PM is started, also the pumps 38 and 40 are. -
started, The pump 38 has hydraulic connections  *~
41 and 42 respectively-leading to. the upper-and ...

" lower portions.of the press cylinder f. The hy-

press system shown in Figure 1 comprises a press .

cylinder | having reciprocably mounted therein
a press ram, generally designated 2, including a
piston 3 and piston rods 4 and 5.

Connected to the piston rod 4 is a platen 6 with
a platen arm 1, which latter is adapted to coop-
erate with a collar 8 adjustably mounted on &
push rod 8. The pushrod 9is guided on the press
frame in any conventional manner, not shown in
the drawings. ) :

40
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Also adjustably connected to the push rod 9 -

is a collar 10 for cooperation with an arm {1 of
a three arm lever, generally designated §2. The
arm Il carries a pin 13 extending into a slot 14
of a control or thrustor rod-i5. The rod 15 has
adjustably connected thereto an abutment 16 en-
gaged by the upper end of a spring 11, the lower
end of which engages & portion §8 connected to
a stationary member, which may, for instance,
Pe the press frame. The rod {5 has also adjusta-
bly connected thereto a coliar {9 for abutment
with the portion 18, The lower end of the control

or thrustor rod 15 is pivotally connected to an’

element 20 adapted to be actuated by an electri-
cally controlled thrustor Ta. . ’

The adjustable abutment 18 has connected
thereto an arm-21 with an inclined end surface
22 which is adapted to cooperate with a similarly
shaped rod 23. The rod 23 has adjustably
mounted thereon an abutment 24 engaged by one

50

56

<

80

65

end of a spring 25, while the other end of this -

spring engages a stationary element 26. The rod.

23 also carries, adjustably mounted thereon, a
collar 27 adapted to abut the stationary element
26. The rod 23 has connected thereto an arma-
ture 28, controlléd by a solenoid S. . The arrange-
. ment is such that when the rod 23 occuples its

outermost right hand position with regard to

70

. draulic connection 41 communicates.with:a con- -
duit 43 leading to a tonnage control valve 44 of -

any conventional type, for instance, of the type
disclosed in the Ernst Patent-No. 2,224,957, This
tonnage control valve 44 is adapted, in response

to a predetermined pressure, {o open the tonnage

control switch TC. X

The platen 6 is adapted, When in its retracted
or starting position, to close a normally open
limit switch 1.S2. ‘'The platen 6 carries a cam 45

adapted, at a predetermined point of ‘travel of -
the ram, to close a norma_lly open Hmit switeh -

1.Ss,

eferably of the type shown in.

The control circuit according to the invention

also comprises a limit switch LSy, which is closed - '

when the three arm lever 2 occupies a position. - -
corresponding substantially to the neutral or no.
delivery position of the pump 38. In other words, "

when the pump 38 is substantially in neutral orno

delivery position, the arm 35 of the three arm

lever {2 closes the limit switch LSu.

The arrangement of Figure 2 differs

from that

of Figure.l merely in that ithe solenoid S and-

thrustors Tz and T are replaced by hydraulically
operable cylinder-piston-assemblies 46,41 and
48,
plied with fluid from a. pressure fluid source in-
dependent of the pump 38, and the flow of fluld
to and from the said cyl_inder-piston-assemblies
is respectively controlled by four-way valves 49,

-50’ and 51°. The valves 49, 50’ and §1’ are'in
their turn controlled by the solenoids $’, T's and

T+, Since otherwise the structure of Figure 2
fully corresponds to that of Figure 1, similar ele-

" ments in Figure 2 have been designated with the

76

same reference numerals they have in Figure 1,
however, with the additional letter a. S
Referring now to Figure 3, showing the electric

These -cylinder-piston-assemblies.-are sup=. -
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control system according to the invention, the

‘switches controlled by one and the same contac- .

tor are arranged in a vertical column which is
designated by a small letter corresponding to the
capital letter allotted to the respective contactor,
while the individual switches are designated with
the small letter of the respective column, but with
different indices. :
The electric circuit of Figure 3 comprises g,
- main supply line 50 adapted to be connected, by
closure of the master switch 51, with a line 52,
" and also comprises a main supply line 53. The
Jline 52 is adapted, by closure of the starter or
conditioning switch ST, to be connected with a
line 54 leading to one end of the contactor A, the
other end of which is connected to the main sup-
- ply line 53.

10

15

Branching off from the line 54 is a line 55 .

adapted, by closure of the switch ai, to be con-
nected with a line 56, which latter is connected
with the line 52 through the time blade TB when
the latter is in closed position. The time blade
TB is controlled by a timer motor TM having one

20

Connected with the main supply. line 53 is one
end of g contactor D, the other end of which
may be connected through closure of the switch
a7 with one terminal of the limit switch LSi1, the

other terminal of which is connected to a line 14

which, by closure of the motor stop switch 75,
is connected with the line 52. - ] ,

Branching off from the line 14 is a line 76
adapted, by closure of the switch di, to be con-
nected with the contactor D.

Connected with the main supply line 53 is a
contactor B adapted to electrically communicate
with the terminal 71 through the normally closed
Switch fs. The terminal 17 is adapted to be con-
nected with the line 78 by closure of the switch
19. When the switch 13 engages the terminal’
11, the press circuit is conditioned for full auto-
matic.operation, i e, for the performance of an
indefinite number of cycles, whereas when the
switch 19 is open, the press circuit is conditioned
for semi-automatic operation, i. e., for the per-

. formance of a single cycle, after which the press

terminal connected to the main supply line 53, .

while the other terminal is adapted to be con-
nected with the line 52 by closure of the switch
az. Also connected with the line 52 is g line 51
adapted, by closure of the switch J1, to be con-
" nectedq with one end of the solenoid S, the other
end of which is connected to the main supply line
53. The solenocid S is also adapted to be con-
‘ected with the line 52 by closure of the switch
as. .
Branching off from the line 57 is a line 58
adapted, by closure of the switch f2, to be con-
nected with one end of a contactor B, the other

. end of which is connected with the main supply

line 53. The contactor B is also adapted to be
connected with the line 52 through the line 589,
the switch a4, temperature switch TH and the
tonnage control switch TC, when the said switch-
es are in their closed position.

Branching off from the line 58 is g line 60

adapted, by closure of the limit switch LS3, to be
connected with the line 61 leading to the line
62, The line 62 is adapted electrically to com-
municate through the normally closed switch
f« with one end of the contactor C, the other enq
of which communicates with the main supply line
53. The contactor C is also adapted, by closure
of the switch /3, to be connected with the line 58.

The line 62 is adapted to be electrically con-
" nected with the line 63 by closure of the switch
a5. The line’ 63 is adapted electrically to com-
municate with the line 52 through the line 64 ang
the closed switches TH and TC. .

Connected with the line 63 is a hand-automatic
operation switch 65 which, when in closed posi-
tion, conditions the press circuit for automatic
operation, whereas the switch 65, when in open
position, conditions the press cireuit for hand op-
eration. 66 indicates a dead contact which may
be engaged by the switch 85 when the latter is in
open position. .

Connected with the switch 65 is a line 67 adapt-
ed to be connected with a line 68 through the
reversing switch 69 and the switch as when these
switches are in closed position. It should be noted
that the switch as is normally closed. The line
68 is adapted, by closure of the switch ci, to be

30
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connected with the line 70 leading to the line 62. -

The line 61 may also be connected with the line
10 through the limit switch LSy the line 11 and
the forward push button switches 712 and 713 when
the said three switches are in closed position.

()

‘terminal of the prime

automatically stops. When the switch 719 is open,
it may engage the dead contact 80.

The line 78 is adapted through the normally
closed switch as to communicate with the line 8i
leading to the line 711. Branching off from the
line 718 is a line 82 adapted, by closure of the -
switch ex, to communicate with the line 52.. Con-
nected with the line 52 is g line 83 which, by clo-
sure of the switch d2 may communicate with one
mover or motor PM, the
other terminal of which is connected through
the line 84 with the main supply line 53, i

Connected to the main supply line 53 is the
electrically controlled thrustor T1 adapted, by clo-
Sure of the switch ez to communicate with the
line 52. The thrustor T2 has one terminal con-
nected to the main supply line 53, and is adapted
to be electrically connected, through closure of
the switch b1, with the line 52. Connected 1o
the line 52 are two terminals 85 and 8§ adapted
respectively to be connected to the terminals 87
and 88. by closure of the emergency stop buttoas
89 and 90. The terminals 81 and 88 are con-
hected through line 91 with one end of the con-
tactor F, the other end of which is connected to
the main supply line 53, ’

Connected to the line 91 is a line 92 adapted,
by closure of the switch fs, to be connected with
the terminals 93 and 94, which terminals ave
adapted, by closure of the restarter buttons or
switches 85 and 96 respectively to be connected
with the terminals 971 and 98, which in their turn
are connected to the line 52.

Operation

It may be assumed that all parts of the system
described  above occupy the position shown in
Figures 1 and 3 with the exception of the press
piston 3, which occupies a position intermediate
its uppermost and lowermost positions.

It may furthermore be assumed that the cen-
tering springs associated with the pump 38 hold
the latter in substantially neutral or no delivery
Position. . :

“If it is now desired to put the press into opera-
$ion, it is necessary first to return the piston 3 to
its uppermost position shown in Figure 1. To this

end, the operator closes the master switch 51;
and furthermore closes the starter or condition-
ing switch ST. As 3 result thereof, electric cur-
rent flows from the main supply line 50 through
switch ST line 54
supply line 53. In

and contactor A to the main
this way, the contactor A is
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ehergized so that the switches ay, az, a3, a4, as
and a7 close whereas the switches as and as
open.

Closure of the switch a1 estabhshes a holdmg
circuit for the contactor A, which holding cir-
cuit comprises main supply line §0, line 52, time
blade TB, switch a1, lines §5 and 54 contactor A
and main supply line 53.

Closure of the switch az establishes the ener-

gizing circuit for the timer motor TM, which cir- .
cuit comprises main supply line 50, line 52, switch -

o @z, timer motor TM and main_supply line 53.

In this way, the timer motor TM starts to operate.

Closure of the switch as closes-a circuit com- ™

prising main supply line 50, line 52, switch as,
solenoid S and main supply line §3. As a result
thereof, the solenoid S is energized and: moves
the rod 23 (Figure 1) toward the left so as to
move the latter out of the path of the arm 2i.
Closure of the switch. 'es establishes s cireuit
comprising main supply line 50, line 52, switches
TC, TH and a4, line 59, contactor B and main
“supply line 53. As a result thereof, the contactor
B is energized and causes the switch b1 to close.
Closure of the switch b: establishes an energiz-

" ing eircuit for the thrustor T2, which circuit com-

- prises .main supply line 50, line 52, switch b,
thrustor T2 and main supply line $3. As a re-

_sult thereof, the thrustor Tz causes the rod 15

(Figure 1) to move all the way down as far as
the coils of spring T will permit. When this
__happens, the upper end. of the slot i4 has, by
means of the pin 13, moved the lever {2 into the
position shown in Figure 1, thereby positively

holding the pump 38 in substantially neutral 35

or no . delivery position. As previously men-
tioned, in this position of the three arm lever
12, the limit switch IjS: is closed.

Closure of the switch as causes energization of
the contactor C through the main supply line 50,
line 52, switches TC and TH, lines 64 and 63,
switch as, line 62, normally closed switch fs, con-
tactor C and main supply line 53. Energizaton

- of the contactor C causes the switches c¢: and c:2

to close. Closure of the switch c:1 has no effect
‘at this time, since the switch as is open. Closure
of the switch c¢2 causes energization .of the
thrustor T: through main supply line 50, line 52,
switch ¢z, thrustor T: and the main supply line

53. 'As g result thereof, the thrustor T: tends, - 50

by means of the rod 3{ (Figure 1), to move the
three arm lever 12 in clockwise direction. How-

. ever, since the thrustor Tz is stronger than the-

thrustor T4, the lever 12 remains in the position

" into which it was moved by energization- of the

thrustor T2, Consequently, also the pump. 38 re-
mains positively held in its substantially neutral
or no delivery position,

Closure of the switch a7 at the time when this -

closure occurs, does not energize the contactor

D, since, at this time, the limit switch LS: is open., _

However, when, due to the energization of the
thrustor T2, the thrustor rod 15 has shifted the
three arm lever 12 into the position shown in
Figure 1 and has, thereby, closed the limit switch
1.S;, the energizing circuit for the contactor Dis
closed, This energizing circuit comprises main
supply line 50, line 52, switches 15, LS: and av,
contactor D and the main supply line $§3. - En-
ergization of the contactor D causes closure of
the switches di and dz.. Closure of the switch
d: establishes a holding circuit for the contactor
D, which holding circuit comprises the main sup-

" ply line 50, line 52, switch 16, line 18, switch di,

contactor D and the main supply line 53,

60 the pump 38 through conduit 41

Closure of the sw_ltcfr dﬁ closes the energizing

_circuit for the motor PM, which circuit comprises
"main supply line 50, line 52, line 83, switch do,

motor PM gnd main supply line 53. As a result
thereof, the motor PM starts and, due to its driv-
ing connection with the pump 38 and the pilot
pump 48, also starts these pumps. However, since
the pump 38 is positively held in substantially
its neutral or no delivery position, as mentioned
above, pilot fluid from the pilot pump is prevented
from shifting the pump 38 on stroke. The fluid
delivered by.the pilot pump 48, for the period dur-
ing which the motor PM is brought up to its de-
sired speed, is by-passed. A predetermined time
thereafter the timer motor TM has reached its
full speed and, having been set accordmgly, opens
the time blade TB.

Opening of the time blade TB breaks the en-

- erglzing circuit for the contactor -A, so that the
switches a1, @2, a3, a4, ds and a7 open, whereas

the switches as and as close, 'Opening of the
switch ai prevents reenergization of the contactor
A when the time blade TB gutomatically returns
to its closing position shortly after it moved
1nto its open position,

-Opening of the switch a2 breaks the energizing
circuit for the timer motor TM, so that the latter
stops. Opening of the switch a3 breaks the ener-
gizing - circuit for the solenoid S. Opening of
the switch as breaks the energizing circuit foir
the contactor B, so that the switch b: opens.
Opening of the switch b: causes deenergization
of the thrustor T2. Opening of the switch a5
breaks the energizing circuit for the contactor
C, so that the switches c¢1 and c2 open. Opening
of the switch c:1 prevents reenergization of the
contactor C when the switch as closes. Open-

' ing of the switch c2 deenergizes the thrustor Ti.

_Opening of the switch a7 has no particular ef-
fect, since the switch a7 is by-passed through
the line 76 and the switch d1 which, at this time,
is closed so that the contactor D and the motor
PM remain energized. Since, as mentioned
above, the thrustors T: and T: are deenergized,
5 the spring 33 is now free to shift the three arm.
lever 12 'in anti-clockwise direction, so that
fluid from the pilot pump shifts the pump 38
into full delivery retraction stroke position.
“Thereafter the delivery of the pilot pump is
again by-passed to an exhaust. Since, at the
time when this shifting of the pump 38 into
full delivery retraction stroke ‘position is effected,
the motor PM and pump 38 are at fuil speed,
movement of the pump 38 into its retracted posi-
tion is carried out smoothly without undue load
on the motor PM.

Pressure fluid delivered by the pump 38 now
passes through conduit 42 into the lower portion
of the press cylinder i, while fluid is withdrawn
from the upper portion of the cylinder | by
Consequently, .
the ram 2 now moves upwardly. . When the
ram, during this upward movement, approaches

~ the position shown in Figure 1, the platen arm

1 engages the collar 8 and lifts the push rod 9
so that the collar 10 engages the left end of the
lever arm i1, thereby moving the lever {2 in
clockwise direction. When the ram 2 has
reached the position shown in Figure 1, the lever
I2 is likewise in the position of Figure 1, in which
position it has caused the flow control rod 31
to bring about movement of the pump 38 to its
neutral or no delivery position. As a result
thereof, the press ram is halted in the positlon

75 shown in Figure 1,
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It may now be ass.umed that the .operator de-
sires to cause the press automatically te carry

out a plurality of pressing cycles. In other .

‘words, the press is to be conditioned for full
automatic operation. To this end, the switch 65
is closed so as to interconnect the lines §7 and
63. This conditions the press for automatic

2,415,053

. the thrustor T,

.operation. To condition the press for full auto~ -

matic operation, the
closes the switch 19 so as to connect the lines
11 and 18 with each other.

To start the first pressing cycle, both forward
push button switches 72 and 13 are closed. This

operator - additionally

10

immediately causes energization of the contactor.

C through main supply line. 50, line 82, switches
TC and TH, line 64, switches 65, 12, 13, LSy, line
18, switch' f4, contactor C and main supply line
§3. It should be noted that this energization of
the contactor C depends upon the platen having
been returned to its uppermost position at which,
as previously mentioned, the platen 6 closes the
limit switch LS, It may &iso be mentioned
" that this switch LSz is the switch which is adapt-
ed to bring about repeat strokes of the press
when the latter is conditioned for full auto-
matic operation. .
Energization of the contactor C closes the
switches c1 and ez, of which the switch ¢1 estab-
- lishes a holding circuit for.the contactor C, as
‘previously mentioned, while the closure of switch
€z causes energization of the thrustor Ti. Ener-
gization of the thrustor T: moves the element 32
downwardly against the thrust of the spring 33,

15
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thereby shifting the pump 38 into full delivery -

forward stroke position. Pressure fluid is now
delivered by the pump 38 through conduit 4{
into the upper portion of the press cylinder |,
while fliiq is withdrawn from the lower portion
of the press cylinder 1.
ram 2 moves downwardly.

In addition to bringing abotit energization of
the contactor C, the closure of the forward push
button switches 12 and 73 also sets up another

actuating circuit, which circuit’ comprises main-
supply line 50, line'52, switches TC and TH, line .

64, switches 65, 12 and 13, line 81, switches as, 19
and fs, contactor E and main supply line 53.
As a result thereof, the contactor E is energized
and causes the switch e: to close.
switch e: establishes a holding circuit for the
contactor E, which holding circuit comprises
main supply line 59, line 52, switch e1, line 18,
switches 79 and fs, contactor E and main supply
line 53, so that the contactor E‘remains energized
when, after starting of the pressing cycle, the
forward push button switches 12 and 18 are re-
leased and automaticall returned to their open
position. ) : o

It will ‘also be noted.that this circuit brings
about the automatic Initiation of the next cycle
when the press platen 6, at the end of the present

Closure of the '

Consequently, the press -
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B;, which latter closes the energizing circuit for
as previously described. - .
Inasmuch as the thrustor T: is stronger than
the thrustor Ti, as mentioned above, the arma-
ture 20 causes the thrustor rod 15 to shift the
three arm lever {2 in anti-clockwise direction
through the intervention of the pin 13. The
downward movement of the rod (5 and, thereby
also the movement of the three arm lever 2 in
anti-clockwise direction comes to a halt when the
arm 2| engages the rod 23. When this occurs,

-the lever 12 has shifted the pump 38 into a re.

stricted delivery position so that now only a
reduced quantity of fluid is supplied by the pump
38 through the conduit 41 into the upper portion
of the press cylinder 1, and a corresponding re-
duced quantity of fluid is withdrawn from the
lower portion of the cylinder {. Consequently,
the downward movement of the press platen 6 is
being 'slowed down. The period for which the .
platen 6 is being slowed down depends on the
shape of the cam 45 and the restricted delivery
position of the pump 38. When the cam 45 of the
blaten 6, during the downward movement  of
the latter, releases the switch LS3, this switch
automatically returns to its open position, thereby
breaking the energizing circuit for the contactor
B. Consequently, the switch by opens and the
thrustor T2 becomes deenergized. Since the
thrustor Ty is still energized, it again shifts the

‘three arm lever {2 in clockwise direction SO as
.to move the pump 33 again into its full delivery

forward stroke position. Therefore, the delivery
of the pump 38 to the upper portion of the press
cylinder | is again increased, thereby restoring
the advancing speed of the press ram.

When, at the end of the actual pressing oper-
ation, a ‘predetermined pressure has been estab-
lished in the conduit 41, this pressure is con- -
veyed through conduit 43 to the tonnage control
valve 44 and brings about opening of the tonnage

* control switch TC.. This breaks the holding cir-
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cycle, closes the limit switch LSz, -so that ecur- -
rent flows from the main supply line 50 through

line 52, switches e1, as, -1S: and fs -and’ through
contactor C to the main supply line 53.

When the ram is about ‘to reach its work piece
engaging position, the cam 45 closes -the limit
switch LSs, thereby closing the energizing cir-
cuit for the contactor B, which energizing circuit
comprises the main supply line 50, line 52,
switches TC and TH, line 64, switches 65, 69, as,
and ei, lines 10, 62 and 61, switch L83, lines 60
and 59, contactor B and main ‘supply line 53.
Energization of the contactor B closes ‘the switch
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cuit for the contactor C and, thereby, causes
deenergization thereof. Deenergization of the
contactor C, causes the switches e and c2 to
return to their open position. . '
Opening of the switch c1 prevents reenergiza-
tion of the contactor C when the tonnage con-
trol switch C automatically returns to its eclos-
ing position shortly after it was opened by the
tonnage control valve 44. Opening of the switch
c2 breaks the energizing circuit for the thrustor
T1, thereby allowing the spring 33 to move the
three arm lever 12 in anti-clockwise direction so
as to move the pump 38 into full stroke retraction
position. The pump 38 then delivers pressure
fluid through the conduit 42 to the lower portion
of the press cylinder {, while fluid is withdrawn
from the upper portion of the cylinder | through
the conduit 41. As a result, the ram 2 now moves
upwardly, When the ram reaches the position
shown in Figure 1, it has again closed the limit
switch LSz and, since the contactor E is still
energized, the closure of the limit switch LS:
closes the energizing circuit for the contactor C,
as previously described, so that the press auto-
matically starts a new cycle. . .
If the press had not been conditioned for full
automatic operation, but only for semi-automatic
operation, the switch 79 would be in open position
and the econtactor E would not be energized when
the platen 6. closes the limit switch IL.Sa at the
end of its.retraction stroke. TIn this instance

the press would stop since, at the end of its re-
traction stroke, the platen arm 7 engages the
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collar 8 and, thereby, lifts the push rod 8 so
that the latter shifts the three arm lever 12 into
the position shown in Figure 1, thereby also mov-
ing the pump to substantially neutral or no
delivery position. ’ ’ R

If it should happén that; during the operation

of the press, the operating fiuidq, which in gen-
eral is oil, reaches an undue temperature, the
temperature switch TH -automatically ' opens,
thereby breaking the energizing circuits for the
contactors B and C, so that the press is auto-
. matically returned to its initial or starting po-
sition. The operator, noticing this automatic re-
versal, may then either open the switeh 79, if
it is'not open at that time, to cause the press to
stop at the end of its retraction stroke in the
manner described above, or he may close the
emergency stop buttons 89, 98 to virtually instan-
taneously stop the press. .

Closure of the emergency stop buttons 89, 90
brings about energization of the emergency con-
tactor F through the main supnly line 50, line 52.
switches 89 and 90. line 9¢, contactor F and main
supply line §3. Energization of the contactor
T causes the switches f1, f2, f3 and fs to close and
_ the switches f« and f5 to oven. Closure of the
switeh fs establishes a holding circuit for the con-
tactor ¥, which holding circuit comprises the
main.supply line 59, line 52, restarter button or

switch 95. switch fe, line 92, contactor ¥ and the

main supply lne 53. :
Closure of the switches f1, f2 and f; brings about
energization of the solenoid S and contactors B
and C. As a result thereof. also the thrustors T:
and T2 are energized. Therefore, the solenoid
S withdraws the rod 23 from the path of the arm
21, and the thrustor Tz shifts the three arm lever
12 in anti-clockwise direction so as to cause the
pump 38 to move into neutral position in the
manner previously described.
Energization, of the thrustor T: is ineffective
at this time since, as mentioned above, the
_thrustor ‘Tz, is stronger than the- thrustor Ti.
Consequently, no fluid is supplied to or withdrawn
from the cylinder { so that the press ram comes
to g halt. If. after such emergency stop, the press
is to be restarted. the emergency contactor F is
to be deenergized by opening of the restarter but-
tons or switches 95 and 96. It is to be noted that
‘the pressing of the emergency stop buttons 89
or 90 is effective substantially simultaneously to
bring the ram to a halt whether it is moving on
its upward or downward stroke. Thereafter, the
deenergization of the emergency contactor F by
the opening of the switches 95 and 96 will be
effective to cause the ram to return to its fully

retracted position. This is due to the fact that

the contactor C will be de-energized upon de-
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If it is desired to control the press by hand

. rather than automatically, the switch 85 is
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opened, thereby preventing energization of the
contactors B and C and, thereby, also of the
thrustors Tz and.-T1. In other words, the elec-
tric control circuit, as far as it controls the press
during its cycle, is dead, and the pump may then
be controlled manually in conventional manner
for operation of the press. .

Tt will be understood that we desire to.com-
prehend within our invention such modifications
as come within the scope of the claims.

Having thus fully described our invention,

_what we claim as new and desire o secure by

Letters Patent, is:

1. In a control system, a fluid motor, a fluid
source of variable- delivery for supplying said
motor, a prime ‘mover connected to drive said.

_ source, said motor having a movable element
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continuously urged in one direction and being
adapted ‘during the movement thereof in the
other direction to move said source to neutral,
means continuously urging said source toward
position to deliver to said motor in a direction
to move said element in said other direction, first
control means operable to move said source to
neutral, means responsive to the actuation of said
first control means to start said prime mover,
second control means operable to make said first
control means ineffective while maintaining said
prime mover in operation, and a control circuit
operable automatically to actuate said first con-.
trol means and after a predetermined time delay
to actuate said second control means.

2. In g control system, a fluid motor having a
movable element continuously urged in its ad-
vancing direction, a fluid source for supplying

.said motor and having a flow control member,
means operated by sald element during move-

ment in its retracting direction for moving said
member to neutral, yielding means continuously
urging said member to cause said source to deliver

_to said motor in a direction to move said element

in its retracting direction, an electrically con-
trolled prime mover drivingly connected with

" said source, first control means operable to po-
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energization of F and will not close again upon .

closing of the contacts f4 because the holding
circuit including the blades ¢l is also open. The
contactor E can be again energized to place the
press in full automatic operation by closing the

start buttons T2 and 13. It will be apparent that

this arrangement provides for clearing the cir-
cuit each and every time it is necessary to make
an emergency stop whereby the ram will not auto-
matically. recycle after its return to fully re-
tracted position after an -emergency: stopping
thereof. The reversing of the ram in the usual
manner by pressure.or by the switch 69 does not

operate to clear the circuit of its full automatic

conditioning, but provides for automatic recy-
cling so long as the contactor E remains ener-
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sition, said member in neutral, means operable
automatically upon the actuation of said first
control means to -energize said prime mover, sec-
ond control means operable to make said first
control means ineffective, and an electrical con-
trol circuit energizable to actuate said first and
second control means automatically and in se-
quence, and to maintain said prime mover ener-
gized following the actuation of said second con-
trol means.

3. In a control system, a vertically reciprocable
plunger, a variable delivery pump connected to
supply said plunger, said plunger being adapted
in its uppermost position to move said pump to -
neutral, an electric motor positively connected to
drive said pump, a first thrustor operable to urge
said pump into position to deliver to the upper
end of said plunger, a second thrustor operable
to position said pump in neutral against the
thrust of said first thrustor, control means se-
lectively operable for actuating both of said
thrustors to position said pump in neutral, means
automatically operable when said pump is in
neutral for energizing sald motor, and means
automatically operable a predetermined time
after said motor is energized for making said
thrustors ineffective. : :

4, In a control system, a vertically reciprocable
plunger having advancing and retracting means,
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a variable delivery pump connected to supply
actuating fluid to said means, an electric motor
positively drivingly connected with said pump,
yielding means continuously urging said pump
“to deliver to said retracting means, means oper-
‘ated by the plunger in its fully retracted position
for moving said pump to neutral, first electrically

: 14 v
cluding ‘a plunger vertically reciprocable by a
downward acting advancing area and an upward
acting retracting area and also including a vari-

- able delivery pump which is continuously urged

controlled means operable to move said pump

into position to deliverto said advancing means,
second electrically controlled imeans operable to
move said pump to neutral against the thrust of
said first electrically operable means when said
-electric motor is to be started, means for ener-
-gizing both of said electrically controlled means
for positively positioning said pump in neutral,
means automatically operable in response to the
Dositioning of said pump in neutral for energizing
said electric motor, and means comprising time
delay means operable automatically after a pre-
determined period following the energization of
said motor for de-energizing said first and second
electrically controlled means.

5. In a control system, a vertically reciprocable
plunger having a downward acting advancing
area and an upward acting retracting’ area, a
reversible variable- delivery pump connected to
supply said areas, means operated by said plunger
as it approaches its fully retracted position for
moving said pump- toward neutral, an electric
motor directly coupled with said pump, yielding
means continuously urging said pump toward po-
sition to deliver to said retracting area, a first
thrustor operable to move said pump into posi-
tion to deliver to said advancing area; a second
thrustor operable to move said pump to neutral
against the-thrust of said first thrustor, and
means operable when said motor is to be started
and said plunger is below its fully retracted po-
sition for actuating both of said thrustors to po-
sition said pump in neutral thereby to prevent its
delivery ‘to said plunger, means automatically
operable thereafter for enersizing said motor;
means responsive to & predetermined time delay
following the energization of said motor for ren-
dering said thrustors ineffective, and means se-
lectively operable thereafter for actuating or
rendering ineffective said first thrustor for re-
ciprocating said plunger. . ) :

6. In a control system, a vertically reciprocable
plunger having a downward acting advancing
area and an upward acting retracting area, a
reversible variable delivery fluid source adapted

to supply actuating fluid to said areas, yielding -
means continuously urging said source to deliver .

to said retracting area. means operated by said

plunger as it approaches its fully retracted posi- )

tion for moving said source toward neutral, an
electric motor positively drivingly connected with
sald source so that both are placed into operation
simultaneously, a first electrical thrustor operable
to place said pump in position to deliver to said
advancing area, a second and larger electrical
thrustor adapted to place said pump in neutral
when said first thrustor is. energized, and elec-
tric control circuit means operable when said
motor is to be started and said plunger is below
its fully retracted position for positively pre-
venting the energization of said motor prior to

the placing of said pump in neutral, said control’
circuit means being adapted automatically first-
to energize both of said thrustors, thereafter to"

energize said motor, and finally to de-energize
.sald thrustors while continuing the energization
of said motor.

7. In combination with a hydraulic systenl in--

10

by yielding means to deliver to said retracting
area and which is positively - drivingly connected
with an electric motor, means operated by the
plunger in ‘its fully retracted position to move
the said pump to neutral, electric control circuit
means operable automatically to start said elec-
tric metor and said pump while simultaneously

- preventing fluid connection between said pump
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and said advancing and retracting areas, and a
predetermined time thereafter ‘to_establish fluid -
connection to cause said plunger to return to its
retracted or starting position-from a position in-
termediate its end positions, means operatively
connected with said electric control circuit means
for conditioning said hydraulic system to cause
said plunger to initiate automatically a plurality
of‘cycles thereof, and means associated with said

relegtrie contral circuit means for preventing said
" plunger from automatically starting an advanc-

ing stroke following the movement of said plunger
irom the said intermediate position to its re-
tracted or starting position.” ' ‘

8. In a control system including a-plunger hav-
ing associated therewith fluid operable advancing
and retracting means for reciprocating the same
and also including conditioning means for con-
ditioning said control system for full automatic
operation so as to cause said plunger automati-
cally to start another cycle following the com-
pletion of one cycle, a variable delivery pump for
supplying pressure fluid selectively to said ad-
vancing or retracting means, vielding means con-
tinuously urging said pump to deliyer to said re--
tracting means, electric motor means positively
drivingly connected with said pump for starting
the same simultaneously with the starting of said
motor means, first control means for moving said.-
pump to neutral while said pump and said motor
means are being started and brought up to a pre-
determined speed, second control means actuated.
automatically after g predetermined delay during
which said pump and said motor means have
reached predetermined speed for making ‘said
moving means inoperative while continuing said

" pump and motor in operation, whereby said yield-
.ing means may move said pump to deliver to the

retracting means if the plunger has moved away
from its retracted position, third control means
responsive to the return of said plunger to said
retracted position for shifting said pump to sub-
stantially neutral or no delivery ‘position and
maintaining said pump in this position irrespec-
tive of the conditioning of said control system
for full automatic operation, and electric circuit
means for automatically and successively actuat-
ing said first and second control means, ,

9. In a control system for a plunger having
advancing and retracting areas and a pump con-
nected therewith continuously urged to deliver
to said retracting area, said pump having a
prime mover positively connected thérewith..

- means to condition said control system for full .
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.automatic cycling of said plunger, first control

means for interrupting delivery of said pump to

~-said plunger while said prime mover and pump

are brought up to speed, second control means

" for making said first control means ineffective

while maintaining said prime mover in operation,
third control means responsive to the movement
of said plunger to fully retracted: position to in-

‘terrupt delivery of said pump to said plunger,
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. emergency stop means selectively opera.ble sub-
‘ stantially instantaneously to halt the movement

‘-, of the’ plunger durmg the cycling thereof, and

",'addltlonal means - operable . to de-energize: the
" ‘emergency stop means &nd cause the plunger to

be retracted and remain in retracted position re- -

- gardless of the conditioning of the system.

“10. In a control system for a plunger-having
- advancing and retracting areas and a pump con-
nected therewith continuously urged to deliver to
said retracting area, said pump having a prime
maover positlvely connected therewith; means to
condition said system for full automatic cycling
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of said plunger, first control means for interrupt- .

ing: delivery of said pump to said plunger while
said prime mover and pump are brought up to
speed, second control means for making said first

15

* control means ineffective while maintaining said "

prime mover in operation, third control means
responsive to the movement of said plunger to

said pump to said plunger, emergency electrical
means selectively “energizeable substantially in-
: _.stantaneously to halt the movement of said

plunger during the cycling thereof, means re-:

sponsive to the- deenergization of said emergency
means to return said plunger to its fully retracted
position; and means responsive to the actuation
of .said emergency means when said system is
: condmoned for full automatic operation for al-
. termg the said. conditioning so that the sald

20
fully retracted position to interrupt delivery of -
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plunger comes to g halt in its retracted position
11, In a control system for a plunger having

.advancing and retracting areas and a -source of .

pressure fluid connected therewith which is ‘con-
tinuously urged to deliver to said rétracting -

" means, said source having a. prime mover posi-

tively connected therewith, means of conditioning

' said control system for full automatic cyeling of

said plunger, first control means for moving said
source -to ‘neutral delivery position while said
prime mover and. source are brought up to speed,
second contral means for making said first con-

‘trol. means Ineffective while maintaining said .
. prime mover in operation, third control means

responsive to the movement of said plunger to
fully retracted position to move said source to.
neutral delivery position, an -electrical cireuit
operable to energize said first and second control
means automatically and in sequence, emergency

stop means selectively operable substantially in- -

stantaneously: to halt the movement of said

plunger during the cycling thereof, means oper- . A
able after the operation of said stop means for .

returning’ said- plunger directly to its retracted -
position, and.means for maintaining said plunger

in its fully rétracted position irrespective of the ,‘ ‘
conditioning of said circuit when moved thereto’ . - *
following the starting of said prime mover or - -

the actuatmn ‘of said stop means,
GEORGE A. WALDIE.
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