Jan. 15, 1957 C. E. ADAMS ETAL 2,777,425

ELECTRONIC CONTROL SYSTEM FOR HYDRAULIC MOTOR
Filed Sept. 16, 1953

44 :’li
D
1
30 13 24
34
3
[ ] =
25 27!
2617 1zl
4 3
63
56~ 1°° 40
g 4
58 |
J 281 43
al, a2 I3
55 65
60 Vg
e [ = I
- ) ~ea
szﬁs;m;w.vv XX -
=66
: 7l
54
FIG. 1 JCE,4 '
4G
46
’L_% 50 51
s I
86, 'T70, ", " 88,
| 67_} ‘r |
521 47 R — ]
A.C. LINES .
INVENTORS
CECIL E. ADAMS
5 KENNETH C.GOODMAN

Bl & Loertlyort,
AL Coiens



United States Patent Off

| 2,777,425
. - Patented Jan. 15, 1957

CcC

1

2,777,425 : -

ELECTRONIC CONTROL SYSTEM FOR
HYDRAULIC MOTOR

Cecil E. Adams and Kenneth C. Goodman, Columbus,
Ohio, assignors, by miesne assigimients, to Ainerican
Brake Shoe Company, New York, N, Y., a corpora-
tion of Delsiware :

Application Scptember 16, 1953, Serial No. 380,578
12 Claims. (Cl. 121—38) ‘

"This invention relates generally to hydraulic apparatus
and more particularly to control mechanism for hydrau-
lically powered devices, especially those having: lineally
movable elements although the invention is also applicable
to devices having rotary movable elements.

‘The invention is also related to control mechanisst Hav-

ing . electrically operated or clectro-responsive elements .

and has as an object the provision of an electronic control
system by which certain desirable features of hydraulic
motor operation will be secured.

It is an object of the invention to provide fluid pressure
operated apparatus having an electronic comntrol system
‘which will cause a ram or other movable element of a
fluid motor, to continue to move in - desired direction,
after the motion has been initiated, untif & predetermined
distance has been traversed or a resistanice of predeter-
mined- force i3 encountered then automatically. reveise
and return to the starting point. ’

It is an object of this invention to provide cotitrof tiechi-
anism for a hydraulically operated device which control
mechanism will operate substantially independéntly of the
hydraulic system of the device, in that it will only fequire
‘8 minimum -of the hydraulic power for its operation and
Yot it will be resporsive to effect certain desired.operations
when predetermined conditions exist in the hydraulic
‘system,

More specifically, it is an object of this inveiition to -

provide an electronic control systemi for a- hydraulically
-operated device, Such as-d préss; which system: wWill' ciuse
the rani of ‘the press to advance to and éxert & predeter-
mined force on an article disposed. i its path: and then
be retracted to its initial-6r starting position.

A further object of tli¢ invention is to provids an. elec-
ironic- control system for-a Lydravlic Press;. the' system
having medans for generating an electrical currerit’ When
the press rati fs advancing, sush current being employed
to maintain the flow of Gperating current to' an' eledtro-
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to the solenoid valve permitting the same to shift to a
position- in: which fluid pressure will be directed to a dif-
ferent poit in the préss cylinder to cause the ram to return
to a starting position. :

- Adother object 6f the inivention is to provide a hydiau-
li¢ press of similar device with an electrical control sys-
tetn having a motion sensing device which is 1esponsive
to the movement of the press ram to maintain a relay in
the control systém in a closed or current supplying con-
dition'so that #n electro-responsive control valve for the

‘press will cotitinue to dirétt fluid from & pressure source

to the press ram, the hydraulic system for the press having

_a relief valve which by-passés the fhiid to the reservoir,

whén the press ram meéts a predetermined resistance, and
permits the rani t6 stop moving; the motion sensing device
thien periiits the relay to assume an open position and the
caritol valve will shift to a different position to caue
feverse movement of the press ram. The effect secured
by the: control is that known in the tradé as “pressure
reversal” although pressure responsive switchés or thie
like aré-riot employed. .

Further objécts and advantages of the present invéntion
Will be apparerit from the following description, refererice
being had to' the accompanying drawings whereir 4 pre-
ferréd forin' of embodiment of the invention is cléarly
shown. ' : ) )

I the drawirigs: ,

The sole figure in the drawing shows & conibination
didgrammatic view 6f the Kydidulic apparatus and 5ys-
feni forming & part theréef and the eléctromic’ Gontrol
Systerh. ‘ ,

In carrying out the invention, use is miade; in the form
ef the invention illustrafed, of & hydraulic press:  The
cortiol system is adaptable to other types of hydraulic
devices, the préss sliown beirg selected for illustrative
putpeses only. - This press includes a source of fluid: pres-
sure 20 having & feservoir 2%, 4 pump 22, and a relief
valve 23; @ fluid line leadinig from the: réservoir to the
punip, from theé: latter to the relief valve; and from this

‘miember to a cortrol valve of the reversing type indicated

generally by the nuiiieral 24. A return line 25 leads

__fromi the relief valve back to the reservoir to: conduct fluid
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responsive device which, in turn, maintains: the flow of

hydraulic fluid tothe ram until a prédetermined: pressiive
1s reached ‘after which the system operates to' catise! the
ram ‘to refract, the control systeny being: devoid of prés-
sure switches ‘or any-direct corinection' with the: hydraulic
system: of the press: :

A still further object of the: invention' is: to: provide a
hydraulic press with an electrotiic cotifrol systen: hdving
‘a eoil threugh which 2 magnetized elemetit is moved: by
the'ram to-getierate an electic eurrent which is‘emiployed
‘o Keep an electronic switch, such as'a thyratrot tiibe,
in-condition to-dirsct wn operdting curfent from 4 soutce
to & selenoid valve fhas holding the valve' in positich to
direet fluid pressure from o Sourde to'a’ port’in the' ¢yl-
inder of the préss-to-ciduse the rarh to continie ity #dvatic-
ing ‘movement, the cessation ‘6f ram movethent, due to

- reaching. the end of ifs stioke or ellgaging' an- obstruction
~ which offers sufficient resistanice fo cause the telief vatve
inv 'the hydratlic: systént 1o open; $erving to:-discontinue
the: current gerlerdtion aisd intertupt the flow of ougrent
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-inder and*tank’ ports 31

. milinication’ between' certain of the v de
-pending upon the longitidinal position of the spool, This

fromy the pump fo-the ldtter when the relief valve opéns
due' to the pressure in the source iicreasing' beyond -that
for which: the: relief valvé Has been adjusted:

The revesing valve 24 controls the' flow of fuid fiom
the préssure source to a reversible fluid motar, indicatéd
‘generally by-the numieral 25; which, in this instance, has

been illustrated as-a cylinder 26 and'piston 27, 4 ram 28
Drojecting from the piston. The reversing’ valve 24 ini-

‘cludesa body 30 having inlet, forward: and' reverse’ cyl-
to 35, respectively. The inlét
port 31 receives fluid’ directly from’ the Pressure’ source.

5 ‘The forward' and reversé cylinder ports are connected by
‘linés: with the upper and lower ends- of the cylinder. 26

While- the tank ports' 34 and 35' are stiitably’ connected
with: the- reservoir 21. Valve body 30 receives a' spool
menibér 36 which is' provided with' spaced: heads 37 and
38: so' arrdnged to' form grooves which' establish’ corii-
ports'in" the body de-

spoel isurged'in one'ditettion by a coil spring 49'to cause
the’ grooves in' the: spool to éstablish’ communicition be-
tween' the inlet port 31 and: the reverse motor port 33.
When' the spool is i the position to establish this coti-

‘diutication, the ports’ 32 and 34 will also® be ‘connected

and fluid fromi the pressire sotirce will flow into the lower
end' of the'power cylinder to causs the piston 27 to move
in afi upward-or reverse’ direction. 'In: so' moving, the
pistort” will' discharge’ fliid from' the' upper end of the
power eylinder” through' potts 32'ahd‘ 34 tothe reservoir,
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As the piston nears the upper end of its travel, a bar 41
carricd by the ram will engage a collar 42 provided on
an extension 43 of the valve spool and will move the
valve spool, in opposition to the spring 40, to a position
wherein the fluid pressure from the source will be directed
into the tank port 35 from which it will flow to the reser-
voir 21. At this time; the ram will stop in its elevated
or retracted position.

The reversing valve is provided with a solenoid 44 for
moving the spool to a further extent in opposition to the
spring 40. When the spool is moved by the solenoid,
communication will be established between the inlet port
31 and the upper end of the power cylinder 26. Fluid
from the pressure source will then flow to the upper end
of the power cylinder and will cause the piston and the
ram to advance or move in a downward direction. Fluid
displaced by the piston will be exhausted from the lower
end of the power cylinder through ports 33 and 35 to the
reservoir 21. In the event the ram.should meet an ob-
struction’ which offers sufficient resistance to prevent
further movement thereof, the relief valve 23 will open to
permit fluid from the pump to be by-passed back to the
reservoir. At this time, the ram will be exerting the force
for which the relief valve has previously been adjusted.

The invention herein relates to a control mechanism for
the reversible finid motor. - The solenoid 44 forms a part
of this control mechanism, As pointed out in the objects,
a feature .of this invention is to secure a reversal of the
ram when a pressure, determined by the relief valve 23,
has been reached in the portions of the hydraulic system
communicating with the upper end of the power cylinder;
in other words, when the ram is exerting a predetermined
force. It is also a feature of the invention to secure this
reversal without the use of pressure switches. The elec-
trical control system, illustrated in the drawing, makes this
operation possible.

‘This control system includes relay mechanisms for con-
trolling the flow of current to the solenoid 44.- A plurality
of sections are included in the relay mechanisms, one of
the sections, designated by the numeral 45, having a field
coil 46, one end of which is connected with one of the
current supply lines 47 while the other is connected with
line 48, this line leading to one side of a push-button
switch mechanism indicated by the numeral 50. The other
side of this switch mechanism is connected by a line 51
with the other current supply lead 52. Line 51 also con-
tains a limit switch 53 which is disposed in the path of
the bar 41 carried by the ram. When the ram is fully
retracted, switch 53 will be closed to provide for current
flow when the switch 50 is operated. This switch may be
manually actuated or actuated in any other manmer de-
pending upon the desires of the manufacturer. When
switch 50 is closed while the ram is fully retracted, current
flow through coil 46 will be initiated. When coil 46 is
energized, it will effect the closing of two switches con-
trolled by the armature of the relay.. One of the switches,
designated by the numeral 54 controls the flow of current

to the solenoid 44 and, when coil 46 is energized, switch

54 will be closed to provide for the flow of current to the
coil 44. The energization of this coil causes spool 36 to
move, as previously described, in opposition to the spring
40 to a position in which the inlet port 31 of the valve 24
is connected with the forward cylinder port 32 and fluid
from the pressure source will be directed to the upper end
of the power cylinder to cause the ram to advance. It will
be obvious that initial movement of the ram will cause
the bar 41 to move away from switch 53. Since this switch
is of the normally open type, the movement of the bar will
permit the switch to open interrupting current flow to
the control switch 50. The flow of current to the relay
coil 46 will not be interrupted, however, due to the pro-
vision of the relay section 55 and a motion sensitive
mechanism designated generally by the numeral 586.
The control mechanism also includes an electronic
switch 57 which may be of any suvitable type, a thyratron
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tube having been found to perform the operation desired
satisfactorily. The motion sensing mechanism has a coil
58 stationarily supported adjacent the power cylinder and
having its ends connected by lines 60 and 61 with one ele-
ment in the tube 57 and with the control mechanism 62
for the tube, this control mechanism being connected with
lead 52 of the power source. The motion sensing mecha-
pism also includes a permanent magnet 63 which is dis-
posed for movement in the coil 58 and is connected with
the ram by the bar 41.- When the ram moves in a for-
ward direction, the magnet 63 moves in the coil 58 caus-
ing a current to be generated which is conducted to the
element in the tube 57. When this element is excited in
this manner, current will flow from the supply source 47,
£2 to the field coil 64 of the second section of the relay-
mechanism. When coil 64 is energized, a switch arm 65
forming part of this relay will be moved to a position to
close the circuit for the coil 46. In this manner, coil 46
will be energized to maintain the switch 54 in condition
to continue the flow of current to the solenoid 44. It will
be obvious that, as long as the ram is moving, solenoid
44 will hold the spool 36 in position to connect the up-
per end of the power cylinder with the source of fluid
pressure. The switch including arm 65 is arranged in
series with a second switch 66 forming a part of the relay
mechanism 45.

When the ram meets an obstruction which will offer
sufficient resistance to interrupt the movement of the ram,
the relief valve 23 will open to bypass fluid from the
pump directly back to the reservoir. At this time, the ram
will be exerting the maximum force for which the relief
valve has previously been set. - Due to the interruption of
the forward motion of the ram, the motion sensing mecha-
nism 56 will cease to generate current and the tube 57 will
no. longer permit current to flow to the coil 64. Arm 65
will then move to a switch-open position permitting coil
46 to be de-energized. When this condition exists, switch
54 will open and solenoid 44 will be de-energized. Spring
40 will then move the valve spool to the position in which
the source of fluid pressure will be directed to the lower
end of the power cylinder. As previously described, the
direction of fluid to this end of the power cylinder causes
the ram to move upward, which motion will normally be
continued until the bar 41 engages the collar 42 and shifts
the valve spool to a position in which the fluid pressure
source will be connected with the reservoir. The ram will
then come to rest. As previously pointed out, when the

-ram reaches this position, switch 53 will be closed and a

new. cycle of operation of the ram may again be initiated
through the closing of switch :50. .

In some instances, it may be desirable to cause the cycle
of ram operation to be automatically repeated, To
provide for this type of operation, a selector switch 67 has
been included. In this position shown, switch 67 is ineffec-
tive and the initiation of a cycle of operation will be con-
trolled solely by the switch 50. If switch 67 is moved
into engagement with contact 68, the switch 67 will then
be in. parallel with switch 50 and, when switch 53 is closed
due to the complete retraction of the ram, coil 46 will be

_automatically energized without the closing of switch 50

to initiate a mew cycle of ram operation. These cycles
will be repeated as long as contact 68 is engaged.

Tn some instances, it has been found desirable to cause
the ram to resume forward movement prior to the com-
pletion of a cycle of operation; in other words, before the
switch 53 is closed. When this form of operation is de-
sired, the switch arm 67 is moved into engagement with
contact 70 and switch 53 is then shunted out. It will be ob-
served that, at this time, switch 50 may be closed when de-

_sired to complete the circuit for the coil 46 and the activa-

tion of the solenoid 44. If the ram is moving in a reverse
direction at this time, the spool 36 will be operated to
interrupt the reverse movement and cause the ram to move
in a forward direction, If the switch 50 is held in a
closed position, the ram will continue to move downward-
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We claim: - L
1. Control mechanisni for hydraulic appatatus of the
typehaving a reversible fluid motor with a movable’ ele-
ment, a source of fluid pressure and a reversing valve
betweenl said pressiire solirce said fluid motor com-
prising’ electro-respoiisive mieans for agtuating said valve
19 cause the operation of said fluid motor in one direction;
means " responsive to” the movement of the movable
nt of said fluid motor when operating in said one
direction "to majntajn a flow of electrical energy to. said
electro-responsive means to hold the same in position’ fo
cause’ the” continuation of the operation of said fluid
motor in said one dircction, said movement responsive
means serving to reduce’ the flow of electrical energy to
said electro-résponsive means when the ‘movement of the
vable elemeit of said fluid motor ceases; and mears

“for actuating said reversing valve to cause reverse opera-
tion of said motor when the flow of electrical energy to
said electro-responsive means is reduced, L
2. Control mechanism for hydraulic apparatis of the
type having a reversible fluid motor with a movable
element, a source of fluid pressure and a reversing valve
between said pressure source and said fluid motor com-
.prising’ electro-résponsive means for actua ng said valve
to cause the operation of said finid motor in one direc-
tion; relay means for controlling the flow of electric

energy from a source to said electro-résponsive means;

and means responsive to the movement of the miovable
element of said-fluid moter when operating, in said one
direction to energize said relay means and direct electric
energy to said' electro-responsive means to hold said
reversing .valve in position to continue the operation of
-said fluid motor in said one direction:

3. Contrel mechanism for hydraulic apparatis’ of the
type having -a reversible fluid motor with a movable
element, a source of fliid pressure ‘and a reversing valve
‘between said pressure source and said fluid motor com-
prising electro-responsive .means for actuating said valve
to cause the operation of said fluid motor in one direction;
relay means for controlling the flow of electric energy
from a source to said electro-responsive means; switch
means for initially energizing said relay means to start the
flow of electric energy to said electro-responsive means
and the operation of said fluid motor in said one direction;
and means responsive to the movement of the movable
element of said fluid motor when operating in said one
direction to keep said relay means energized during such

- operation of the motor irrespective of the. condition of
said switch means.

4. Control mechanism for hydraulic apparatus of the
type having a reversible fluid motor with a movable
_element, a source of fluid pressure and a reversing valve
between said pressure source and said fluid motor com-
prising electro-responsive means for actuating said valve
to cause the operation of said fluid motor in one direction;
relay means for controlling the flow of electric energy
from a source to said electro-responsive means; switch
means for initiaily energizing said relay means to start the
flow of electric energy to said electro-responsive means
and the operation of said fluid motor in said one direction;
means responsive to the movement of the movable
element of said fluid motor when operating in said one
direction to keep said relay means energized during such.
operation of the motor irrespective of the condition of
said switch means; and additional switch means for

30

40°

55

60

85

70

75

 diréctio
able ¢lement of said fluid motor when opeiating in said

xendering the first-mentioned switch means effective only
at.a prédeteriiined stage of operation of said firid motor.
.5, Control mechanism for hydraulic apparatus .of ‘the
type having a réversible fluid .motor ‘having a movable
element, a source of fluid pressuré .and a reversing valve
Jbetween said pressure source and said .finid miotor”corm-
Drising glectro-résponsive means for actuafing .said valve
107 canse the opération’ of said fluid motor in one direc-
rélay’ means “for controlling the flow of - electiic

“energy from ‘a source to sdid electro-responsive means;

switch means: for initially. energizing said rélay means to
the flow of electtic-energy to said electro-responsive
~and "the operation of said fluid ‘motor’in siid one
gans responsive to-the movement of the wiov-

ong direction to keep ‘sdid ‘relay’ means energized during
such operation of ‘the’ motar irrespective -of the condition
of said ‘switch" means; -and: addifional’ switch - meass’ ar-

‘ranged 'in series with said ‘first-mentioned switch means,
“said"additional switch means being operated in part by

said” fluid motor’ to render said first-mentioned switch

-mgans effectivé.only at a predetermined stage of operation
“of said fluid motor. "

_ 6. :Control mechanism ' for hydravilic apparétus of ‘the

‘type having“a reversible fluid motor having a movable
‘element, a'sourcé of fluid pressure and'a reversing valve

between said pressure soturce and said fluid motor com-
piising electro-responsive: means for actuating said valve

“to'cause the operation of said fluid motor in one direction;

relay means for controlling the flow of electric energy
from a‘source to said electro-responsive means; - switch
means-for’ initially energizing said relay means to start
the ‘flow of electric energy to said electro-responsive means

_andthe operation of said fluid motor in'said one direc-
5 tion; means responsive to the movement of the movable

element of 'said fluid motor' when operating in said one
diréction to keep ‘said relay means energized during such
operation of the motor irrespective of the condition of

said' switch means; additional switch means arranged in

sefies  with ‘said first-mentioned switch means, said addi-
tional switch means being operated in part by said fluid
motor to render said first‘mentioned switch means effec-
tive only at a predetermined stage of operation of said
fluid motor; and a'sélectively operable switch means ar-

“rangéd'in parallel ‘with said additional switch means,

7. Control mechanism for hydraulic apparatus of the
type havinig-a reversible fluid' motor with a movable
element, a source of fluid pressure and a reversing valve
between said pressure source and said fluid motor com-
prising electro-responsive means for actuating said valve
to cause the operation of said fluid motor in one direction;
relay means for controlling the flow of electric energy
from a source to said electro-responsive means; switch
means for initially energizing said relay means to start the
flow of electric energy to said electro-responsive means
and the operation of said fluid motor in said one direc-
tion; means responsive to the movement of the movable
element of said fluid motor when operating in said one
direction to keep said relay means energized during such
operation of the motor irrespective of the condition of
said switch- means; additional switch means arranged in
series with. said first-mentioned switch means, said addi-
tional switch means being operated in part by said fluid
motor to render said first-mentioned switch means effec-
tive only at a predetermined stage of operation of said
fluid motor; and a third switch means having two effective
positions, one of which places said third switch in parallel
with said additional switch means and the other position
placing said third switch in parallel with said first-
mentioned switch means.

8. Control mechanism for hydraulic apparatus of the
type having a reversible fluid motor with a movable ele-
ment, a source of fluid pressure and a reversing valve
between said pressure source and said fluid motor com-
prising electro-responsive means for actuating said valve
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to cause the operation of said fluid motor in one direc-
tion; relay means for controlling the flow of electric en-
“ergy from a source to said electro-responsive . means;
“switch means connected with said relay means and op-
erative to initially energize said relay to start the flow of
electric energy to said electro-responsive means and the op-
eration of said fluid motor in said one direction; and a
second electronic switch means tesponsive to the move-
“ment of the movable element of said fluid motor when
operating in said one direction to keep said relay means
energized during such operation of the motor. '
9. Control mechanism for hydraulic apparatus of the
type having a reversible fluid motor with a movable ele-
ment, a source of fluid pressure and a reversing valve
between said pressure source and said fluid motor com-
prising electro-responsive means for actuating said valve
to cause the operation of said fluid motor in one direc-
tion; relay means for controlling the flow of electric en-
crgy from a source to said electro-responsive means;
switch means connected with said relay means and op-
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erative to initially energize said relay to start the flow of

electric energy to said electro-responsive means and the op-
eration of said fluid motor in said one direction; an clec~
tronic switch means for controlling the current supply for
said relay means; and means electrically connected with
said electronic switch means and responsive to the move-
ment of the movable element of said fluid motor when op-
erating in said one direction to place said electronic switch
in condition to direct current from the source to said relay
means.

16. Control mechanism for hydraulic apparatus of the
type having a reversible fluid motor, a source of fluid pres-
sure and a reversing valve between said pressure source
and said fluid motor comprising electro-responsive means
for actuating said valve to cause the operation of said
fluid motor in one direction; relay means for controlling
“the flow of electric energy from a source to said electro-
responsive means; switch means for initially energizing
said relay means to start the flow of electric energy to
said electro-responsive means and the operation of said
fluid motor in said one direction; an electronic switch
means for controlling the current supply for said relay
means; and current generating means actuated by said
fluid motor to energize said electrenic switch means and
place the samec in condition to direct current from the
source to said relay means.

11. Control mechanism for hydraulic apparatus of the
type having a reversible fluid motor, a source of fluid

25
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pressure and a reversing valve between said pressure
source and said fluid motor comprising electro-responsive
means for actnating said valve to cause the operation of

" said fluid motor in one direction; relay means for con-

trolling the flow of electric energy from a source to said
electro-responsive means; switch means for initially en-
ergizing said relay means to start the flow of electric
energy to said electro-responsive means and the opera-
tion of said fluid motor in said one direction; an elec-
tronic switch means for controlling the current supply
for said relay means; a coil supported adjacent said fluid
motor and connected in. the. circuit for said electronic
switch means; and a magnetized element moved by said
fluid motor relative to said coil to generate current there-
in and cause the excitation cf said electronic switch means
to place the same in condition to direct current from
the source to said relay means. )

12. In a hydraulic apparatus, a reversible fluid motor
having a movable element; a source of fluid pressure; a
control valve mechanism betwecen said pressure source
and said motor; solenoid means for actuating said con-
trol valve mechanism to cause said motor to operate in a
certain direction; a second means for actuating said con-
trol valve mechanism when said solenoid is deenergized
to cause said motor to operate in a reverse direction; re-
lay means for controlling the flow of electric energy from
a source to said solenoid means; and current generating
means operated by the movable clement of said motor
during operation in said certain direction to maintain
said relay in condition to direct current to said solenoid
and retain said valve mechanism in position to cause said
motor to continue to operate in said certain direction,
said relay interrupting current flow to said solenoid when
the current generating means becomes inoperative due
to the cessation of motion of the movable element of
said fluid motor, said second means then operating said

“valve mechanism to reverse the operation of said fluid

_motor.
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