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METHOD AND DEVICE FOR
ELECTROHYDRAULIC CONTROL OF A
HYDRAULIC ACTUATOR

FIELD OF THE INVENTION

The invention relates to a method and a device for
the electrohydraulic control of a hydraulic actuator in
the form of a redundant servovalve circuit with switch-
ing and monitoring logic, having a multiplicity of elec-
trohydraulic servovalves, each controlled by separate
electrical input channels and connected to a central
pressure medium source, and having further a control
spool triggered by the servovalves to control the actua-
tor and a hydraulic logic system for error monitoring of
the servovalve output signals.

BACKGROUND OF THE INVENTION

In modern redundant hydraulic control systems there
is frequently a requirement that any errors arising be
indicated, and that if a certain number of errors occurs,
a switching logic associated with the control system
perform special safety switching operations, for exam-
ple, deactivation of the system or return of the actuator
to a neutral position.

For monitoring redundant electrohydraulic actua-
tors, two types of hydromechanical circuits are used at
the pressure ports of the servovalves (electrohydraulic
servovalves and electrohydraulic amplifiers):

a. Redundant servovalve circuits. The servovalve
pressure ports are arranged in such a way as to permit
control of the actuator and the detection of errors by
comparison of the pressures through use of a compara-
tor. If the pressure difference between two servovalves
exceeds a prescribed value, the comparator initiates a
reaction in the switching and monitoring logic.

b. Switching and monitoring logic (hydrologic). Fol-
lowing initiation by the comparator, the pressure me-
dium supply for servovalves is irreversibly deactivated
by the hydrologic. The irreversibility of the servovalve
deactivation represents an error storage. By means of
a solenoid valve, the pressure medium for the servo-
valves can again be activated, if, at the instance of the
activation command, no new deactivation is triggered
by the comparator due to a possible pressure differen-
tial existing between the servovalves. An additional so-
lenoid valve circuit permits cutoff of the pressure me-
dium supply for the servovalves by an electrical signal,
without release by the comparator.

It has already been proposed that the ports of the
control spool, which are connected to the outlets of the
electrohydraulic servovalves, be associated in a certain
manner with a hydrologic system, which detects the
error and, for its part, triggers indicators and/or
switches. In this previously used system, there must be
a separate port for each outlet to each servovalve, i.e.,
a quantity of positioning lobes equal to the number of
servovalves. This leads to inconvenient dimensions, in-
creased manufacturing effort and increased susceptibil-
ity to errors attributable to the control spool.

It is therefore the object of the present invention to
provide a method and a device of the type mentioned
above which permit simpler construction of the control
spool, without having to compromise its functioning,
especially the possibility of evaluation in a hydrologic
system.
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The invention attains this objective by employing a
method in which the positioning land of the control
spool is acted upon, on the one side, by the one signal
group consisting of the combined servovalve output
signals of the same sign and, on the opposite side, by
the central pressure media supply, while the remaining
free servovalves signals are applied individually to the
hydrologic system.

The summation of all output signals, always essential
in a ““majority voting system,” no longer takes place, in
the case of the proposed device mentioned above, such
that the forces produced by the individual pressures
and the associated land areas are added, the resultant
force depending upon the difference between the out-
put signals of opposite sign. Instead, in the case of the
present invention, the signal group consisting of all out-
put signals of the same sign is combined and their com-
bined pressure is compared with the constant pressure
in the central pressure media supply. The free remain-
ing output signals of the opposite sign therefore are left
over for a further processing in the hydrologic system.
The invention therefore exploits the fact that both out-
put signals of a servovalve always change with respect
to one another, so that a qualitative and quantitative
indication as to the condition of the servovalve can also
be obtained by comparing one output signal to a con-
stant value.

To realize the method outlined in the invention, a de-
vice is provided having a multiplicity of electrohydrau-
lic servovalves, a control spool triggered by the servo-
valves to control a hydraulic actuator and a hydrologic
system wherein the one group of all servovalve outputs
of the same sign is conducted to one side of the posi-
tioning land of the control spool, and the other group
of outputs is connected separately to the hydrologic
system and, further, wherein, the other side of the con-
trol spool positioning land is connected with the central
pressure medium source.

One illustrative embodiment of the invention pro-
vides, as servovalves, two single stage jet-pipe valves
attached to a central pressure medium source, further,
a control spool having one positioning land, two con-
trol lands and an attached comparator responding from
two sides, said comparator having a switching device to
shut off the central pressure medium supply, each of
the two jet-pipe valve outputs of the same sign jointly
acting upon one side of the positioning land, the central
pressure medium supply acting upon the other side of
the positioning land, and the two other outputs of the
jet-pipe valves acting upon both sides of the compara-
tor, the displacement of which triggers the switching
device.

The positioning land mentioned in the present de-
scription can readily be divided into two individual
lands, in which case, only one side of each land is acted
upon for the purpose of displacing the control spool.

Another illustrative embodiment of the invention
provides that two such devices be connected in parallel
to a common pressure medium supply, in which case,
both control spools are rigidly, mechanically connected
to each other and the output signals trigger the switch-
ing devices indirectly via an AND-gate and a further
switch for cutting in a safety device or to cut out the
central pressure medium supply. A circuit of this kind
still permits control of the control valve even after the
shutoff of two servovalves by one of the switching de-
vices.
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In still another illustrative embodiment of the inven-
tion, three electrohydraulic servovalves are provided
whose two free outputs not used to trigger the common
control spool, trigger a system of three hydraulic com-
parators whose outputs are connected via a triple
AND-gate to a switch for cutting off the central pres-
sure medium supply or to any other safety circuit. A
circuit of this kind can survive the failure of one servo-
valve. Not until a failure of a further servovalve do all
three comparators deflect and activate, via the AND-
gate, the switch for any safety circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

Several illustrative embodiments of the invention are
shown in the drawings and will be more closely de-
scribed hereinafter.

Shown are:

FIG.1 An electrohydraulic actuator with two ser-
vovalves acting upon one control spool;

FIG.2 two systems according to FIG. 1 connected
in parallel;

FIG.3 An electrohydraulic actuator with three ser-
vovalves acting upon one control spool;

FIGS. 4-16 special switching logic designs as are
usable in the devices shown in FIGS. 1 and 2; and

FIG. 17 a redundant version of an AND gate.

DETAILED DESCRIPTION

The electrohydraulic servovalve shown schematically
in FIG. 1, especially in the form of a jet-pipe valve 1,
controls a control spool 2, which in turn triggers a hy-
draulic actuator A. The two servovalve pressure ports
3 of the same signal are joined to a common line 4
which is connected to chamber 5 in control spool hous-
ing 6. Chamber 7 in control spool 6 connects, through
line 9, with the central pressure medium supply 8,
which also supplies both servovalves through lines 10
and 11.

When both solenoid devices 16 in the servovalves are
de-energized, the force acting upon the positioning
land area 17 is equal to the force acting upon the oppo-
site positioning land area 18 and control spool 2 is in
equilibrium. The control spool assumes its central posi-
tion by means of springs 19, which connect the control
spool with the solenoid devices 16. When solenoid de-
vices 16 are activated, the pressure in the pressure
ports 3 changes, due to appropriate deflection of the
servovalves. This leads to a sliding of the control spool,
a pressure decrease in line 4 causing a slide to the left,
and an increase in line 4 causing a slide to the right. If,
for example, the control spool is slid to the left, it opens
the connection from pressure port 20 of the working
medium to the control port 21, and, simultaneously,
from pressure port 22 to return port or drain 23, which
leads to a corresponding movement of the actuator.

Both servovalve pressure ports 12 are compared with
each other by a comparator 13. When both servovalves
do not produce the same pressure, the comparator 13
then deflects and connects lines 20 and 23 through ori-
fice 25. Lines 20 and 23 represent the pressure poten-
tial between the pressure medium inflow and drain.
When lines 20 and 23 are connected with each other,
the pressure in line 24 changes, thus causing a response
in switching logic 26. This serves to trigger a safety cir-
cuit 43A, to energize a warning device or to shut off the
central pressure supply 8. In this way, an error at the
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pressure port of both servovalves can be detected and
eliminated.

In FIG. 2, two control channels, each in accordance
with the device shown in FIG. 1, are connected in par-
allel. The two control spools 31 are coupled together
by a connecting rod 30. Both channels are connected
to the same pressure medium supply 32 for the servo-
valves 33, and to the same working medium supply 34.
When the ciruit is functioning properly, both control
spools 31 are balanced, i.e., the forces acting upon the
positioning land surfaces 35 and 36 cancel each other
out, the same as do the forces acting on the positioning
land areas 37 and 38. The actuator ports of control
spool 31 work upon a hydraulic actuator, likewise re-
dundant, but not shown in the drawing. Each of the two
comparators 40 associated with the signal channels
triggers, for.its part, a switching logic 41 to shut off the
central pressure medium supply 32. If, for example,
due to an error in one of the servovalves, the pressure
medium supply 32 for one channel is shut off. The two
other servovalves must then, by themselves, move con-
trol spools 31, which are connected to each other by
connecting rod 30. The pressure medium inlet 34 for
the working medium is not cut off by the switching
logic 41, so that following deactivation of one channel,
both control spools 31 still furnish pressure medium for
the hydraulic actuator.

When both switching logic units 41 deactivate the as-
sociated signal channels, switch 43B is tripped by
AND-gate 42 for some kind of safety switching opera-
tion (for example, shutting off the actuator controlled
by control spool 31). The circuit shown in FIG. 2, with
redundant pressure medium input, can survive the fail-
ure of one servovalve or one pressure medium input.

FIG. 3 displays the use of the principle of the circuit
of FIG. 1 as applied to three servovalves 51. The outlet
ports 53 of the same sign work through common line
52 upon one positioning land 54 of control spool 62,
while the other positioning land is acted upon by the
pressure medium supply 56. The drain, or return line,
is indicated by 57.

Pressure ports 58 of the three servovalves are com-
pared with each other by comparators 59. When a ser-
vovalve 51, for example the uppermost one shown in
FIG. 3, has one port with a spurious pressure, two of
the three comparators are deflected. In the example
cited, the upper comparator would be deflected up-
wards and the center comparator downwards. This
condition does not yet result in transmission of the
error signal in AND-gate 60. Not until two spurious ser-
vovalve output signals are produced do all three com-
parators deflect, thus triggering switch 61 via AND-
gate 60 for any desired safety switching operation. The
circuit shown in FIG. 3 can survive the failure of one
servovalve.

The circuit represented in FIG. 3 can be doubled in
accordance with FIG. 2, thus forming a circuit with six
servovalves.

Switching logics for feasible duplex and duo-duplex
servovalve circuits will now be described.

The switching logics outlined hereinafter are embodi-
ments, the general function of which is the same as that
in 26, shown in FIG. 1, and 41, shown in FIG. 2.

The circuits vary from each other in the arrangement
and number of solenoid valves and in having parallel or
series connection of switching logic 41 with AND-gate
42 in the case of the duo-duplex circuit. A distinction
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is made between active and passive solenoid valves.
Active solenoid valves can shut off the pressure me-
dium supply to the servovalves. Passive solenoid valves
are capable only of restoring the pressure medium sup-
ply to the servovalves. Switching logic 41 and AND-
gate 42 lie in parallel when the AND element is con-
nected to line 24 and simultaneously respond to the
switching logic controlled by line 24. Switching logic
41 and AND element 42 lie in series when the AND el-
ement is not connected to line 24 and is first triggered
by the switching logic.

The switching logics are connected to the pressure
medium inlet 65 and drain 66. Three connections are
provided for the switching function; line 67 leads to
comparator 13 (FIG. 1) or 40 (FIG. 2), line 68 a switch
43A (FIG. 1) or to AND element 42 (FIG. 2) and the
servovalves are supplied with pressure medium from
line 69.

FIGS. 4 and 5§ show a switching logic with an active
solenoid valve 70 in the inlet and connected in series
to the AND element 42 or switch 43A. The active sole-
noid valve 70 has two switching states; in the excited
state, it opens the connection to the pressure medium
drain 66. When the servovalves are operating, solenoid
valve 70 is excited and spool 71 (which acts as a further
comparator) is in the extreme right-hand position, thus
connecting outlets 67, 68 and 69 with pressure medium
inlet 65. In order to describe the function of the switch-
ing logic in FIG. 4, switching off by the comparator 13
connected to line 67, and switching off and on of active
solenoid valve 70 will now be described.

a. Switching off by the comparator

When the comparator 13 deflects, the pressure in
line 67 breaks down and spool 71 is slid to the left-hand
end position by the pressure medium flowing from inlet
65. Orifice 74 prevents, during this operation, the oc-
currence of a short circuit between the pressure inlet
and drain. When in the left-hand end position, spool 71
connects outlets 67, 68 and 69 with pressure medium
drain 66, the functioning of the servovalves is irrevers-
ibly stopped due to the connection with the pressure
medium drain 66, and there is no flow through orifice
74,

b. Shutoff by the active solenoid valve

When the comparator does not deflect and energiza-
tion of the active solenoid valve 70 is continuously shut
off, outlets 67, 68 and 69 are then connected to pres-
sure medium drain 66 and the functioning of the servo-
valves is stopped. During this shutoff operation, the
spool remains in the right-hand end position.
¢. Switching on by the active solenoid valve

Cancellation of servovalve functioning can be initi-
ated by the comparators or by the active solenoid valve
70. In the case of shutoff by the active solenoid valve
70, functioning of the servovalves is restored through
excitation of solenoid valve 70. In the case of shutoff
by the comparator, servovalve functioning is restored
by brief interruption in the energization of solenoid
valve 70. During the brief interruption of excitation,
line 72 is connected with pressure medium drain 66
and spring 73 moves spool 71 into the right-hand end
position. When solenoid valve 70 is subsequently sub-
jected to continuous energization, lines 67, 68 and 69
are again connected with pressure medium inlet 65 and
servovalve functioning is restored. Further excitation
of solenoid valve 70 in FIG. 4 results in pressure in line
67 and, due to the elasticity and/or the compressibility
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of the pressure medium, volume is consumed which
flows through orifice 74.

To prevent the pressure differential thus arising be-
tween lines 72 and 67 from sliding the spool 71 into the
left-hand end position again, the overlapping travel of
spool 71 multiplied by its cross sectional area must be
the same as the volume flowing through orifice 74. In
addition, spring 73 is prestressed so that spool 71 can-
not be slid into the lefthand end position until a certain
pressure differential between lines 72 and 67 has been
exceeded.

It has been assumed in FIG. § that the volume flowing
through orifice 74, caused by the pressure in line 67, is
high enough so that the overlapping of spool 75 and the
prestressing of spring 76 would not be sufficient to
maintain spool 75 in the right-hand end position. For
this reason, an additional bypass is provided by means
of line 77 and one control end of AND-gate 78 to by-
pass orifice 74. In the normal case, when the servo-
valves are functioning, AND-gate 78 is held in the
right-hand end position by the pressure medium origi-
nating at 65 and existing in line 68, and the bypass is
blocked. If lines 67 and 68 are placed under pressure,
AND-gate 78 is in the left-hand end position and the
bypass is open, so that the pressure medium volume
can flow into line 61 by bypassing orifice 74 and no
pressure differential can occur between lines 79 and 67
that could slide spool 75 into the left-hand end posi-
tion. When line 67 to the comparator and line 68 to the
AND-gate are filled, AND-gate 78 is in the right-hand
end position and the bypass is again blocked. Spool 71
and 75 can be brought into the right-hand end position
by brief interruption in the excitation of solenoid valve
70, only when the varying pressures at the servovalve
outlets, which caused deflection of the comparator,
have again become uniform. Otherwise, line 67, down-
stream from restrictor orifice 74, does not fill.

FIG. 6 shows a switching logic with an active solenoid
valve in the inlet and parallel connection to the AND-
gate. Active solenoid valve 80 has two switching states;
in the energized state, it opens the connection to the
pressure medium inlet 65 and in the de-energized state,
it opens the connection to the pressure medium drain
66. When the servovalves are operating, solenoid valve
80 is excited and spool 81 is in the right-hand end posi-
tion and connects outlets 67, 68 and 69 with pressure
medium inlet 65. To describe the function of the
switching logic in FIG. 6, switching off by the compara-
tor through line 67 and switching on and off by the ac-
tive solenoid valve 80 will now be considered.

a. Switching off by the comparator

When the comparator deflects, the pressure in line
67 breaks down and spool 81 is slid by the pressure me-
dium entering at 65, at first, through restrictor orifice
88, then bypassing restrictor orifice 88, into.the left-
hand end position. Orifice 82 prevents, during this op-
eration, a short circuit between the pressure medium
inlet and drain. When in the left-hand end position,
spool 81 connects outlets 67, 68 and 69 with pressure
medium drain 66, functioning of the servovalves is irre-
versibly stopped due to connection with pressure me-
dium drain 66, and there is no flow through orifice 82.

b. Switching off by the active solenoid valve

When the comparator does not deflect and energiza-
tion of the active solenoid valve 80 is continuously
switched off, outlets 67, 68 and 69 are connected to the



3,834,279

7

pressure medium drain 66 and the functioning of the
servovalves is canceled. When lines 67 and 68 are con-
nected to the pressure medium drain 66, AND-gate 84
moves to the left-hand end position by means of spring
85 and line 86 is connectd to pressure medium drain
66. The volume displaced by AND-gate 84 during the
movement into the left-hand end position flows
through the opened check valve 83 into pressure me-
dium drain 66.

¢. Switching on by the active solenoid valve

Cancellation of servovalve functioning can be initi-
ated by the comparator or by active solenoid valve 80.
If the switching off is effected by active solenoid valve
80, the functioning of the servovalves is restored by ex-
citation of solenoid valve 80. If switching off is accom-
plished by the comparator, the functioning of the ser-
vovalves is restored by a brief interruption of energiza-
tion of solenoid valve 80. During the brief interruption
of excitation, line 86 is connected with pressure me-
dium drain 66 and spring 87 moves spool 81 into the
right-hand end position. Upon subsequent continuous
energization of solenoid valve 80, lines 67, 68 and 69
are again connected to pressure medium inlet 65 and
functioning of the servovalves is restored. Upon further
excitation of solenoid valve 80, lines 67 and 68 are
placed under pressure and, due to the elasticity and/or
the compressibility of the pressure medium and the
movement of AND-gate 85 into the right-hand end po-
sition, volume is displaced which flows through orifice
82.

As long as the lines 67 and 68 are not full, no pres-
sure can build up in space 89 that could push spool 81
into the left-hand end position, due to the action of ori-
fice 88. When lines 67 and 68 are filled, AND-gate 84
is in the right-hand end position, the connection be-
tween line 86 and pressure medium drain 66 is closed
and the pressure needed for switching off is built up in
space 89 and is effective to move spool 81 into the left-
hand end position.

Spool 81 can be brought into the right-hand end posi-
tion by brief interruption in the energization of sole-
noid valve 80, only when the varying pressures at the
servovalve outlets, which caused the deflection of the
comparator, have again become uniform. Otherwise,
lines 67 and 68, downstream from restrictor orifice 82,
will not fill.

FIG. 7 shows a switching logic with an active solenoid
valve in the drain and connected in parallel to the AND
element. The active solenoid valve 90 has three switch-
ing states. In the unexcited state, it opens all connec-
tions to pressure medium drain 66. When positively ex-
cited, solenoid valve 90 blocks the connection between
line 91 and pressure medium drain 66 through delay
spool 98. In the case of negative excitation, solenoid
valve 90 blocks all connections to pressure medium
drain 66. When the servovalves are operating, solenoid
valve 90 is positively excited, spool 98 is in the right-
hand end position and connects outlets 67, 68 and 69
with pressure medium inlet 65. In order to describe the
functioning of the switching logic in FIG. 7, initiation
by means of the comparator as well as switching on and
switching off by active solenoid valve 90 will now be
considered.

a. Switching off by the comparator

When the comparator deflects, the pressure in line
67 breaks down and spool 98 is slid into the right-hand
end position by the pressure medium entering at 65.
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When in the left-hand end position, spool 93 con-
nects outlets 67, 68 and 69 with pressure medium drain
66, and functioning of the servovalves is irreversibly
stopped due to connection with pressure medium drain
66. In this position, orifice 94 prevents a short circuit
between pressure medium inlet and drain.

b. Switching off by the active solenoid valve

When the comparator does not deflect and energiza-
tion of the active solenoid valve 90 is continuously
blocked, line 67 is then connected to pressure medium
drain 66 and spool 93 is pushed into the left-hand end
position by the pressure existing at inlet 65. In this posi-
tion, outlets 67, 68 and 69 are connected with pressure
medium drain 66 and the servovalves are deactivated.

c. Switching on by the active solenoid valve

Switching off of the servovalves can be initiated by
the comparator or by active solenoid valve 90. If deac-
tivation is accomplished by the comparator, spool 93
remains in the left-hand end position until either the
pressure medium flow at 65 is shut off from the outside,
or, through brief negative excitation of solenoid valve
90, all connections to the pressure medium inlet 65 are
temporarily blocked. When the pressure medium flow
at 65 is shut off from the outside, spring 95 slides spool
93 into the right-hand end position again. When sole-
noid valve 90 is negatively excited, and all connections
to pressure medium drain 66 are blocked, line 67 fills
again through restrictor orifice 94, and the spool is slid
into the right-hand end position. While solenoid valve
90 is closing all the connections to pressure medium
drain 66 and line 67 is being filled, check valve 96
opens, and delay spool 92 is slid into the upper end po-
sition, thus blocking the connection between line 67
and solenoid valve 90.

If, following the brief negative excitation, solenoid
valve 90 is again positively excited, the connection
from line 67 through delay spool 92 remains blocked
during the switching operation, until connection 97 is
blocked, since the delay spool is still in the upper end
position. Not until spring 98 has displaced the stroke
volume of delay spool 92, via restrictor orifice 100, is
the connection from line 67 to line 97 open again. The
displacement volume of delay spool 92 and the flow
through restrictor orifice 100 are coordinated with the
switching time of the solenoid valve from negative to
positive excitation.

When the servovalves are closed by active solenoid
valve 90, functioning of the servovalves is, as in the
case of deactivation by the comparator, restored by
brief negative excitation of solenoid valve 90 and sub-
sequent positive excitation.

Spool 93 can be brought into the right-hand end posi-
tion by brief negative excitation of solenoid valve 90,
only when the varying pressures at the servovalve ou-
lets, which caused the deflection of the comparator,
have again become uniform. Otherwise, line 67 does
not fill through restrictor orifice 94.

FIG. 8 shows a switching logic with an active solenoid
valve in the drain and connected in parallel to the AND
element. The circuit functions as in FIG. 7. However,
outlet 68 to the AND-gate with the comparator is con-
nected to the same space as line 67.

FIG. 9 shows a switching logic with an active solenoid
valve in the inlet, a passive solenoid in the drain and
parallel connection to the AND element. Active sole-
noid valve 101 has two switching states. In the ener-
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gized state, it blocks the connection to pressure me-
dium drain 66 and in the de-energized state, it blocks
the connection to pressure medium inlet 65.

Passive solenoid valve 102 also has two switching
states. In the unexcited state, it opens the connection
to pressure medium drain 66 and in the excited state,
it blocks this connection. When the servovalves are op-
erating, active solenoid valve 101 is excited and passive
solenoid valve 102 is unexcited. Spool 103 is in the
right-hand end position and connects outlets 67, 68 and
69 with pressure medium inlet 65. In order to describe
the functioning of the switching logic in FIG. 9, switch-
ing off by the comparator and by the active solenoid
valve 101 as well as switching on by means of passive
solenoid valve 102 will now be considered.

a. Switching off by the comparator

When the comparator deflects, the pressure in line
67 breaks down and spool 103 is moved into the left-
hand end position by spring 104 in pressure medium
drain 66. When in the left-hand end position, spool 103
connects outlets 67, 68 and 69 with pressure medium
drain 66 and the servovalves are irreversibly stopped
owing to the connection with pressure medium drain
66. Restrictor orifice 105 prevents the occurrence, in
this position, of a short circuit between the pressure
medium inlet and drain.

b. Switching off by the active solenoid valve

When the excitation of active solenoid valve 101 is
stopped, it then blocks the connection to pressure me-
dium inlet 65 and opens the connection to pressure me-
dium drain 66. The pressure in line 67 breaks down and
spring 104 slides spool 103 into the left-hand end posi-
tion. At the beginning, the volume displaced by spool
103 is expelled through the opened check valve 106. In
the left-hand end position, spool 103 connects outlets
67, 68 and 69 with pressure medium drain 66 and the
servovalves are irreversibly stopped.

c. Switching on with the passive solenoid valve

Deactivation of servovalve functioning can be initi-
ated by deflection of the comparator, by discontinuing
excitation of the active solenoid valve 101, or stopping
of the pressure medium flow at 65 from the outside. In
all cases of deactivation, spool 103 is in the left-hand
end position. In order to switch on, the active solenoid
valve must first be excited and the connection to the
pressure medium inlet 65 must open. Solenoid valve
102 is then briefly energized and line 107 to pressure
medium drain 66 is blocked. During energization of so-
lenoid valve 102, line 67 is filled through restrictor ori-
fice 105 and spool 103 is pushed against spring 104 into
the right-hand end position.

Spool 103 can be brought into the right-hand end po-
sition by brief excitation of solenoid valve 102, only
when the varying pressures at the servovalve outlets,
which caused the deflection of the comparator, have
again become uniform. Otherwise, line 67 will not fill
through restrictor orifice 105.

FIG. 10 shows a switching logic with an active sole-
noid valve in the inlet a passive solenoid valve in the
drain and connected in parallel to the AND element.

The circuit shown in FIG. 10 functions as in FIG. 9.
However, outlet 68 the AND-gate with the comparator
is connected to the same space as line 67.

FIG. 11 shows a switching logic with an active and a
passive solenoid valve in the drain and connected in se-
ries to the AND element.
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Active solenoid valve 108 has two switching states. In
the energized state, it blocks the connection to pressure
medium drain 66 and in the de-energized state, it opens
the connection to pressure medium drain 66. Passive
solenoid valve 109 also has two switching states. In the
de-energized state, it opens the connection to pressure
medium drain 66 and in the energized state, it blocks
this connection. When the servovalves are operating,
active solenoid valve 108 is energized and passive sole-
noid valve 109 is de-energized. .

Spoo! 121 is held in the left-hand end position by the
pressure in line 67 and connects outlets 67, 68 and 69
with pressure medium inlet 65. To describe the func-
tioning of the switching logic in FIG. 11, switching off
by the comparator and by the active solenoid valve 108
as well as switching on by the passive solenoid valve
109 will now be considered.

a. Switching off by the comparator

When the comparator deflects, the pressure in line
67 breaks down and spool 121 is moved into the left-
hand end position by spring 110. When spool 121 is in
the left-hand end position, it connects outlets 67, 68
and 69 with pressure medium drain 66 and the servo-

valves are irreversibly stopped by the connection with

pressure medium drain 66. In this position, restrictor
orifice 111 prevents a short circuit between pressure
medium inlet and drain.

b. Switching off by the active solenoid valve

When energization of the active solenoid valve 108
is discontinued, the connection from line 67 to pressure
medium drain 66 is opened. The pressure in line 67
breaks down and spool 121 is slid into the left-hand end
position by spring 110 in pressure medium drain 66. In
the left-hand end position, spool 121 connects outlets
67, 68 and 69 with pressure medium drain 66 and the
servovalves are irreversibly stopped. _
¢. Switching on with the passive solenoid valve

Deactivation of the servovalves can be initiated by
deflection of the comparator, by discontinuing energi-
zation of the active solenoid valve 108 or by shutting
off the pressure medium flow at 65 from the outside. In
all cases, spool 121 is held in the left-hand end position
by spring 110. In order to switch on after all types of
deactivation, active solenoid valve 108 must first be en-
ergized and the connection to the pressure medium
drain blocked. The passive solenoid valve is then
briefly energized and blocks the connection to pressure
medium drain 66.

During energization of passive solenoid valve 19, line
67 fills through restrictor orifice 111 and spool 121 is
slid into the right-hand end position.

Spool 121 can be brought into the right-hand end po-
sition by brief energization of solenoid valve 109, only
when the varying pressures at the servovalve outlets,
which caused the deflection of the comparator, have
again become uniform. Otherwise, line 67 will not fill
through orifice 111. .

FIG. 12 shows a switching logic with an active and a
passive solenoid valve in the drain and connected in
parallel to the AND-gate.

The circuit in FIG. 12 functions the same as the one
in FIG. 11. However, outlet 68 to the AND-gate with
the comparator is connected to the same space as line
67.

FIG. 13 shows a switching logic with an active sole-
noid valve in the drain and a passive solenoid valve in
the inlet and connected to the AND-gate in series.
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Active solenoid valve 112 has two switching states. In
the energized state, it blocks the connection to pressure
medium drain 66 and in the de-energized state, it opens
the connection. Passive solenoid valve 113 also has two
switching states. In the de-energized state it blocks the
connection to the pressure medium inlet 65 and in the
energized state, it reopens this connection. When the
servovalves are operating, active solenoid valve 112 is
de-energized. Spool 114 is held in the right-hand end
position by the pressure in line 67 and connects outlets
67, 68 and 69 with pressure medium inlet 65. In order
to describe the functioning of the switching logic in
FIG. 13, switching off by the comparator and by the ac-
tive solenoid valve 112 as well as switching on by the
passive solenoid valve 113 will now be considered.

a. Switching off by the comparator

When the comparator deflects, the pressure in line
67 breaks down and spool 114 is slid into the left-hand
end position by spring 115 in pressure medium drain
66. In the left-hand end position, spool 114 connects
outlet 67, 68 and 69 with pressure medium drain 66
and the servovalves are irreversibly stopped due to the
connection with pressure medium drain 66. Restrictor
orifice 116 prevents, during this operation, a short cir-
cuit between the pressure medium inlet and drain.

b. Switching off by the active solenoid valve

When energization of active solenoid valve 112 is dis-

continued, the connection to pressure medium drain 66
is opened and spring 115 slides spool 114 into the left-
hand end position. In the left-hand end position, spool
114 connects outlets 67, 68 and 69 with pressure me-
dium drain 66 and the servovalves are irreversibly
stopped. Restrictor orifice 116 prevents, during this op-
eration, a short circuit between the pressure medium
inlet and drain.

c. Switching on by the positive solenoid valve

Deactivation of the servovalves can be initiated by
deflection of the comparator, by discontinuing energi-
zation of active solenoid valve 112, or by stopping the
flow of pressure medium at 65 from the outside. In all
cases, the spool is held in the left-hand end position by
spring 115. In order to switch on, following all types of
deactivation, active solenoid 112 must first be ener-
gized and the connection to the pressure medium drain
66 blocked. The passive solenoid valve 113 is then en-
ergized briefly and opens to the pressure medium inlet
65, which causes the spool to slide into the righthand
end position against spring 115.

Spool 114 can be brought into the right-hand end po-
sition by brief energization of the passive solenoid
valve, only when the varying pressures at the servo-
valve outlets, which caused the deflection of the com-
parator, have again become uniform.

Otherwise, line 67 will not fill through restrictor ori-
fice 116.

FIG. 14 shows a switching logic with an active sole-
noid valve in the drain and a passive solenoid valve in
the inlet and connected in parallel to the AND-gate.

The circuit in FIG. 14 functions the same as the one
in FIG. 13. However, line 68 to the AND-gate with the
comparator is connected to the same space as line 67.

FIG. 15 shows a switching logic with a passive sole-
noid valve in the drain and connected in series to the
AND element.

Passive solenoid valve 117 has two switching states.
In the de-energized state, it opens the connection to
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pressure medium drain 66 and in the energized state,
it blocks this connection. When the servovalves are op-
erational, passive solenoid valve 117 is de-energized
and spool 118 is in the right-hand end position and con-
nects outlets 67, 68 and 69 with pressure medium inlet
65. In order to describe the functioning of the switching
logic in FIG. 15, switching off by the comparator and
switching on by the passive solenoid valve will now be
considered. Switching off with the solenoid valve is not
possible. If, in spite of error-free servo-valves with uni-
form outlet pressures, switching off is to be effected,
then the servovalves must receive artificial error signals
that cause a pressure difference at the pressure outlets
and thus, a deflection of the comparator.

a. Switching off by the comparator

When the comparator deflects, the pressure in line
67 breaks down and spool 118 is slid into the left-hand
end position by spring 119 in pressure medium drain
66. In the left-hand end position, spool 118 connects
outlets 67, 68 and 69 with pressure medium drain 66
and the servovalves are irreversibly stopped due to the
connection with pressure medium drain 66. Restrictor
orifice 120 prevents, in this position, a short circuit be-
tween the pressure medium inlet and drain.

b. Switching on with the passive solenoid valve

Deactivation of the servovalves can be initiated by
deflection of the comparator or shutoff of the pressure
medium flow at 65 from the outside. In both cases of
deactivation, spool 118 is in the left-hand end position.
For switching on, passive solenoid valve 117 is briefly
energized, thus blocking the connection to pressure
medium drain 66. During energization of passive sole-
noid valve 117, line 67 fills through restrictor orifice
120 and spool 118 is slid into the left-hand end position
against spring 119.

Spool 118 can be brought into the right-hand end po-
sition by brief energization of passive solenoid valve
117, only when the varying pressures at the servovalve
outlets, which caused the deflection of the comparator,
have again become uniform. Otherwise, line 67 will not
fill through restrictor orifice 120.

FIG. 16 shows a switching logic with a passive sole-
noid valve in the drain and connected in parallel to the
AND-gate.

The circuit in FIG. 16 functions the same as the one
in FIG. 15. However, the outlet 68 to the AND-gate
with the comparator is connected to the same space as
line 67.

FIG. 17 shows the redundant version of an AND-gate
shown schematically as 42 in FIG. 2, wherein each of
the lines 68 has a switching logic as in FIGS. 4 through
16. When at least one line 68 in each of the two AND-
gates with spools 122 and 123 or 124 and 125 is con-
nected to the pressure medium inlet via the switching
logic, then all four spools 122, 123, 124 and 125 of the
redundant AND-gate are in the left-hand end position.
If, for example, only line 68 from spool 122 is con-
nected to the pressure medium inlet, then the smaller
spring 127 holds the separate spool 123 in the left-hand
end position by bearing against spool 122.

When two lines 68 on one AND-gate, for example,
with spools 122 and 123, are connected to the pressure
medium drain via the associated switching logics, the
larger spring 126 then moves spools 122 and 123
against the smaller spring 127 into the right-hand end
position and thereby initiates a safety switch 128.
While spools 122 and 123 are moving into the right-
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hand end position, the other AND-gate with spools 124
and 125 is also connected to the pressure medium drain
through lines 132 and 131. The pressure coming from
line 68 and existing in front of spools 124 and 125 is re-
duced by check valve 130, and spools 124 and 125 are
moved into the right-hand end position, as is also true
of spools 122 and 123, in order to trigger a safety
switch 128. The switching logics in FIGS. 4 through 16
are designed so that, in case of a connection between
pressure medium inlet and drain through line 131, a
short circuit will not occur. It is the purpose of check
valves 129 and 130 and lines 132 and 133 to prevent
the connection of two switching logics through line 131
until one of the two AND-gates moves into the right-
hand end position through connection of both lines 68
with the pressure medium drain. If, for example, only
line 68 from spool 122 is connected with the pressure
medium drain, then the connection to the pressure me-
dium inlet if spool 124 and line 132 via check valve 129
remains blocked.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
fows:

1. A method for effecting an electrohydraulic control
of a hydraulic actuator by means of a system employing
a pair of servovalves, a control spool and a pressure
comparator, comprising the steps of:

producing a first pressure signal when said pair of ser-

vovalves are in a first condition and supplying said
first pressure signal directly to one end of an elon-
gated housing slideably supporting said control
spool therein;

producing a second pressure signal from a central

pressure medium supply and supplying same to the '

opposite end of said elongated housing and effect-
ing an application of force to one side of said con-
trol spool equal to the force applied to the opposite
side of said control spool by said first pressure sig-
nal, a rendering of said forces unequal causing said
control spool to move in said housing to effect a
control of said hydraulic actuator;

producing a pair of third pressure signals when at

least one of said servovalves is moved to a second
condition; and

supplying each of said third pressure signals to

spaced locations on a pressure comparator to ef-
fect issuing of a fourth pressure signal to operate on
a means for the shutting off of said central pressure
medium supply.

2. In combination with a hydraulic actuator, a device
for effecting an electrohydraulic control of said hy-
draulic actuator, comprising:

servovalve circuit means including at least a pair of

identical electrohydraulic servovalves each having
an energized and an unenergized condition and
each servovalve including at least a pair of output
terminals thereon, each servovalve producing a
first pressure signal at one of said pair of output ter-
minals and a second pressure signal at the other
one of said pair of output terminals dependent
upon the condition thereof;

means defining an elongated housing and a control

spool slideably disposed therein, and passageway
means for connecting one end of said housing
means to said one output terminal of each of said
pair of servovalves so that said first pressure signals
are applied to one face of said control spool;
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means defining a pressure source connected to the
opposite end of said housing means, said pressure
source means generating a third pressure signal to
exert an equal and opposite force on. an opposite
face of said control spool relative to said first pres-
sure -signals, said control spool being movable in
either direction if one of said first and third pres-
sure signals is changed so that the force applied to
opposite faces of said control spool are no longer
equal to thereby effect a control of said hydraulic
actuator;
means defining a hydraulic logic system having a first
pressure comparator means, said first pressure
comparator means having a first outlet port means
and first and second inlet ports which are each con-
nected in fluid circuit with one of said other of said
output terminals of said pair of servovalves and
said second pressure signal, said first pressure com-
parator means being responsive to a change in one
of said second pressure signals from one of said
pair of servovalves to produce a fourth pressure
signal at said first outlet port means thereof; and

means in said hydraulic logic system responsive to
said fourth pressure signal to effect a shut off of
said pressure source means.

3. A device according to claim 2, wherein said fourth
pressure signal responsive means in said hydraulic logic
system includes pressure responsive valve means hav-
ing a second outlet port and third and fourth inlet ports,
one of said third and fourth inlet ports being connected
with said first outlet port and said fourth pressure signal
and acting on one side of said pressure responsive valve
means, the other of said third and fourth inlet ports
being connected to said pressure source means and to
an opposed side of said pressure responsive valve
means, and active solenoid valve means for controlling
the transmission of a pressure pulse from said pressure
source means to said other of said third and fourth inlet
ports, said pressure responsive valve means being re-
sponsive to a change in pressure applied thereto by ei-
ther one or both of said fourth pressure signal and the
pressure signal from said other of said third and fourth
inlet ports.

4. A device according to claim 3, wherein said first
pressure comparator means includes means defining an
elongated housing having a spool slideably supported
therein, said first and second inlet ports being provided
at spaced locations on said housing on opposite sides of
said spool.

5. A device according to claim 4, including centering
means for mechanically centering said spool in said
housing means of said first pressure comparator means.

6. A device according to claim 3, wherein said pres-
sure responsive valve means includes means defining
an elongated housing having a spool slideably sup-
ported therein, said third and fourth inlet ports being
provided at spaced locations on said housing on oppo-
site sides of said spool, the position of said spool in said
housing controlling the transmission of pressure from
the other of said third and fourth inlet ports to said sec-
ond outlet port.

7. A device according to claim 6, wherein said active
solenoid valve means includes means defining a cham-
ber having spaced openings, a drain connection defined
by one of said openings and a valve member movable
in said chamber between said spaced openings to selec-
tively block one of said spaced openings and thereby

" control whether said chamber is pressurized or depres-

surized.
* % * * *



