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This invention relates to electric apparatus and more
particularly to an electric circuit or system adapted to
control any solenoid actuated or operated device and
which circuit or system may be employed with particular
advantage, for example, for conirolling the operation of
a hydraulic press.

The main object of this invention is to provide an im-
proved electric circuit which includes two switches both
of which must be closed to initiate the operation of an
operating solenoid and in which, after said operation is
initiated, only one of said switches need be maintained
closed to maintain said solenocid in operation.

Another object of the invention is to provide an im-
proved electric circuit as set forth in the foregoing object
which may be used with particular advantage in control-
ling the hydraulic apparatus, and consequently the opera-
tion, of a hydraulic press in which the press operator must
use both of his hands to operate the mentioned switches
to initiate operation of the press and after said operation
is initiated the operator may release one of said switches
and the pressing operation of the press will continue.
Further objects and advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein a pre-
ferred form of embodiment of the invention is clearly
shown,

In the accompanying drawings:

- FIG. 1 is a diagrammatic showing of an electric con-
trol circuit including features of the invention, said circuit
being shown associated with the hydraulic system of a
hydraulic press which it controls, and

FIG. 2 is a graph showing current characteristics of a
solenoid operating on alternating current and connected
in series with a resistance.

This application is a division of my copending applica-
tion Serial No. 567,256, filed February 23, 1956, for an
“Eleciric Control Circuit,” now Patent No. 2,945,990.

FIG. 1 of the drawings illustrates an electric control cir-
cuit or system 28 associated with the hydraulic apparatus
or system 21 of a hydraulic press which is indicated gen-
erally at 22, The hydraulic system 21 per se is the inven-
tion of Robert Smilges and is fully described and claimed
in his copending application Serial No. 559,438, filed
January 16, 1956, for “Hydraulic Press and Control
Means,” now Patent No. 2,927,558, This system is made
a part of this application for illustrating the operation
and purpose of the present invention and it is described
herein only in sufficient detail to set forth the operation
of the apparatus herein claimed. For an understanding
of the details and operation ¢f the hydraulic system,
reference should be had to the above identified application
to Robert Smilges. ,

Referring more particularly to FIG. 1 of the drawings,
the hydraulic press 22 is shown as being comprised of a
bed 23 and ram 24. Ram 24 is shown as forming the
pisten rod of a double-acting reciprocating hydraulic
motor which includes a cylinder 25 and a piston 26. The
hydraulic system 21, in addition to the press motor, also
includes a pump 27 which is driven by an eleciric motor
28 through sheaves and a belt 29, a reserveir or tank 39
for hydraulic liguid used in the system, a hydraulic con-
trol valve 31 and suitable conductors or pipes which are
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fully indicated in the drawing. The parts of the above
described structure are shown in the drawings in the posi-
tions in which they occupy when the ram is held in its
“up” position, Before describing the operation of the
hydraulic system further, it should be pointed ocut that
the pump 27 has two separate high pressure cutiet or out-
put ports which are connected respectively to conduits or
lines 32 and 33 formed in the body 34 of valve 31 and that
the volume of liquid delivered to the lines 32 and 33 are
preferably, but not necessarily, different.

When the parts of the control valve 31 are in the posi-
tions shown in the drawings and the ram 34 is held in its
“up” position, hydraulic liquid flows from the tank 306 to
the inlet port of pump 27 in which it is divided and caused
to flow to lines 32 and 33 as aforesaid. Liquid from the
low volume output port of pump 27 flows through line
32 to a groove in a sleeve 35 in valve body 34 and from
this groove 34 it passes to the interior of the sleeve 35 and
to the upper end of a spool 36 and also to a conduit 37 in
valve body 34 which is adapted to be closed by a solenoid
operated valve 38. The construction of the control valve
31 is such that until the valve 38 is closed the spool 36
will remain in the position shown and the combined out-
put volumes of the pump 27 will be directed through a
conduit 3% to the bottom of the cylinder 25 and piston 26
to urge the latter to its “up” position. This liquid will be
returned from the top of cylinder 25 through a conduit
46 to valve 31 and tank 38. Upon the closing of the valve
38, hydraulic pressure will increase above the spool 36
and shift it downwardly to close a valve 41 which is con-
nected in series with the vaive 38. After valve 41 is closed,
if valve 38 is opened, the valve 31 will cause liquid to be
delivered to the press motor t0 complete automatically one
cycle of operation of the press, and all of the parts,
after the completion of said one cycle, wiil return to the
positions shown in the drawing. If the valve 38 is not
open, the ram 24 will travel toward the bed 23, or work
thereon, and will remain in an extended position until
valve 38 is opened.

The electric circuit or system 29 controls the operation
of the hydraulic system 21 and it includes a sclencid 42
having a winding 43 for operating the valve 38 of said
hydraulic system 23. One side of the solenoid coil or
winding 43 receives electric current directly from a main
lead line 44 and the other side 45 of coil or winding 43
is connected through a pair of resistors 46 and 47 in series
to the other main lead line 48. Resistors 46 and 47 are
such that when they are connected in series, as above de-
scribed, insufficient current will fiow through them to
energize the solencid coil 43 sufficiently to move the
solenoid armature or core to its operated position, that is,
insufficient current will flow through the coil 43 to oper-
ate solenoid 42, The end 45 of coil or winding 43 may
also be connected directly to lead line 48 through a pair
of normally open push type switches 49 and 38 connected
in series or through either of resistors 46 and 47 and one
of switches 4% and 58 and a bypass conductor or line 51
connected from between the switches 49 and 53¢ to be-
tween the resistors 46 and 47.

In the operation of the circuit or system, in order to
energize the solenoid 43 to operate it initially, it is neces-
sary to close both push type switches 49 and 5§ at the
same time, but not necessarily simultaneously, in order to
bypass both of the resistors 46 and 47 and to permit the
full line current from lines 44 and 48 to flow to the coil
or winding 43. After the solenoid 42 has been energized
initially by said flow of current either of the push type
switches 49 or 56 may be opened and the solenoid 42 will
remain in operation. Stated another way, when the cir-
cuit is employed in connection with the hydraulic system
21 it is necessary to close both push typs switches 4% and

. 59 to close valve 38 and after said valve 38 is closed
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only one of said switches 49 or 50 need be maintained
closed to hold the valve 38 closed.

Tt will be seen that after the initial operation of sclenoid
42 that if switch 49 is permitted to open that the flow of
current to coil 43 from lead line 48 will be through closed
switch 50 bypass connector 51 and resistor 46 to side 438
of the coil 43. It will also be seen that if switch 56 is
opened that the flow of current to coil 43 from lead line
48 will be through resistor 47, bypass connector 51 and
switch 49 to side 45 of coil 43.  Thus when both switches
49 and 38 are.closed, both resistors 46 and 47 will be by-
passed. When switch 49 is opened. aipd switch 50 is
ciosed, resistor 47 will be bypassed and when switch 58 is
opened.and switch 49 is closed résistor 46 will be by-
passed.

FIG. 2 is a graph showing current characteristics of a
solenoid operating on alterfiating cuireiit which are taken
advantage of in-the circuit seen in the drawings. In this
graph, current flowing through the coil or Wwinding of the
solenoid is represented as a function of ‘a Tesistance con-
nected in series with the soleroid. )

Referring ‘more “particularly to” the "graph shown in
FIG. 2, R represents a resistance which will permit no
current to flow through a solenoid coil and 'as R is dé-
creased progressively (moved toward point 0) the cur-

rent which flows through the solenoid coil will increase,

as indicated by the line A, up to the point B where the
solenoid “picks .up” and operates by shifting its core.
When the current flowing in the solenoid coil increases to
thee “pick up” point B and the solenoid operates, the cur-
rent flowing through the solenoid coil drops immediately
to the point C due to the increase in impedance of the
solenoid and as the resistance R is further decreased the
current flowing through the solenoid coil will increase
along line D up to the point E of maximum current applied
to if,

When the resistance R is increased from the point 0 of
no resistance, the current flowing through the solenoid coil
decreases along line D to a “drop out” point F at which
the magnetic field crested by the coil of the solenoid is
insufficient to maintain the solenoid in operation. Upon
shifting of the solenoid core at the “drop out” point F,
cuirent flowing through the coil will rise immediately along
the line G to line A due to the decrease in impedance of
the solenoid and will then continue to decrease along
line A as the resistance is increased.

As indicated by the graph, less resistance is required to
cause the solenoid to “pick up” or operate to shift its
core than is required to permit the solenoid to “drop out.”
Stated - another way, it requires more current flowing
through the solenoid coil to energize the solenoid suffi-
ciently to cause it to operate than it requires to keep it in
operation once it has been initially energized and operated.

In the electric circuit or system, each of the resistarices
46 and 47 is such as to offer resistance to current (which
could be shown on the graph as lying at a point between
R-1 and R-2) so that when either of the resistances is
connected in. series with the coil or winding 43 of solenoid
42 sufficient current will be applied to the coil 43 to main-
tain the solenoid 42 in operation once it has been initially
energized by closing both push type switches- 49 and 58
and so that when the resistors 46 or 47 are connected-in
series, as when both switches 49 and 50 are opened, the
-combined resistance of the resistors 46 and 47 will.be such
as to cause the current applied to the coil 43 to be in-
sufficient to maintain thie solenoid in operation (the com-
bined resistances. of resistors 46 and.47 would fall upon
the graph somewhere between the point R-1 and R).

The hydraulic press 22 including the hydraulic appara-
tus or system 21 performs each cycle of operation very
rapidly, that is, when valve 38 is closed the ram 24 travels
toward ‘the bed, or work on the bed, or returns to its
“up” position rapidly and at such a rate of speed that-an
operator has not time to release either of the push type
switches 42 or 56 and get either of his hands caught under
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the ram. He may, however, release or permit either or
both of these switches to open while the ram is traveling
toward the press bed 23 or work thereon and should he
permit only one of said switches to open the ram will
travel only to its extended positicn and “dwell” at a
maximum pressing pressure upon work on the bed 23.

For the reasons set forth, it will be seen that the opera-
tor can hot “cheat” the system in operating the press as
by blocking ‘one of the push type switches in a closed
position since both of said-switches 49 and 50 must be
opened to cause the ram to return from its “dwell” posi-
tion to its “up” position. .

While the form of embodiment of the present invention
as herein disclosed constitutes a preferred form, it is to
be understood” that other forms might be adopted,-all
coming within ‘the scope of the claims which foliow.

I claims

1. In-a control circuit for a hydraulic press-having a
valvé for controlling the opération-of said press, solenoid
means including winding means for controlling the opera-
tion of said valve, condictor means for conducting elec-
tric “ciirient to'said - winding mi¢ans, a pair of resistor
rigans 4n-said conductor means, a pair of swiiches, and
means connedting ‘said switches each to by-pass one of
said ‘resistor -means -whereby closing “of both -of 'said
switches will by-pass both of said resistor means to pass
electrié current to said winding means sufficient to initiate
operation ‘of said solenoid and thereafter only one of said
switches need be maintained closed to pass sufficient cur-
rent to -said winding meass to miaintain said solencid in
opération:

2.7 A -safety-control circuit for a-cyclically . operable

device including a solenoid which must initially be puiled
in,-thent ‘dropped out and subsequeatly pulled in to cause
a recycling of said’ device, said solenoid having solenoid
winding ‘means, conductor means for conducting electric
current to said winding méans, a pair of résistor means
in said conductor means, a pair’ of switches, and ‘mecans
connecting one of said switches  across’ one of said Te-
sistor means and. the other of said switches across’ the
other of said resistor means, whereby when both of said
switches’ are closed current flowing in said conductor
means by-passes both of said resistor means and whereby

when only one of said switches is closed current flowing

in said conductor means by-passes only ‘one of ‘said re-
sistor ‘means, said resistor means being related to said
solenoid winding means: whereby said solenoid is pulled
in only when both switches are closed and said solenoid
is*dropped out only when both switches are opened.

3. A safety control circuit for a cyclically operable
device including a solenoid which must initially be pulled

in, then dropped -out and subsequently pulled in to cause -

a recycling of said device; said solenoid having solenoid
winding means, conductor means- for conducting electric
current to said winding means, a pair of resistor means
in’ said conductor means, a pair- of manually operated

switches, and means connecting one of said-switches across

one -of said resistor means and the other of said switches
across’ the other of said resistor means, whereby when

both- of said- switches aré closed current fiowing in said

conductor means by-passes both of said resistor means and
whereby when only one of said switches is closed cur-
rent flowing in said conductor means by-passes only one
of said-resistor means, said- resistor means being related

to-said solenoid winding ‘means whereby said solenoid'

is pulled in only when both switches are closed and said
solenoid 'is dropped out only when both switches: are
opened:

4. A safety control circuit for a cyclically operable de-
vice includinga solenoid which must initially be pulled
in, theni dropped ‘out and subsequently pulled in to cause
a recycling ‘of said device, said solenoid having solenoid
winding means, conductor means for conducting electric
current to said winding nieans, a pair of resistor means in

-said conductor means, a pair of switches, and means con-
necting. said switches-each to by-pass one of said ‘resistor:

wom
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means whereby closing of both of said switches will by-
pass both of said resistor means to pass electric current
to said winding means sufficient to initiate operation of
said solenoid and thereafter only one of said switches need
be maintained closed to pass sufficient current to said
winding means to maintain said solenoid in operation.

5. A safety control circuit for a cyclically operable de-
vice including a solenoid which must initially be pulled
in, then dropped out and subsequently pulled in to cause
a recycling of said device, said solenoid having solencid
winding means, conductor means for conducting electric
current to said winding, a pair of series connected resistor
means in said conductor means, a pair of normally open
manually operated switches, means connecting said
switches in series relation across said pair of resistor
means, and means connecting each of said switches across
one of said resistor means whereby when both of said
switches are closed current flowing in said conductor
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means by-passes said resistor means and whereby when
one only of said switches is closed current flowing in said
conductor means by-passes only one of said resistor means,
said resistor means being related to said solenoid winding
means whereby said solenoid is puliled in only when both
switches are closed and said solenoid is dropped out only
when both switches are opened.
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