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This -invention: relates: to electro-hydraulic. amplifiers
which include fluid discharge nozzles controlled by-an
armature: actuated. by means -of an electrical signal,

In devices; of this.type one-of the main-causes of failure
has:been:that, since the. hydraulic fluid can never be-en-
tirely -free. frony particles of dirt or other foreign matter,
such particles clog: the: fluid; discharge nozzles so that the
amplifier- fails. to. operate- properly. The_ hydraulic- fluid
frequently- contains‘magnetic. particles. of ' dirt or foreign
materials-which are too.small to be removed by any filter;
and: consequently, such. particles sometimes. collect. be-
tween- the. pole- pieces. or  on-the armature and. nozzles
where they interfere with the correct operation. of the
amplifier.

There - have been- devised- electro-hydraulic. amplifiers
in. which: only: asingle- nozzle is provided which. acts on
one side of an armature. Experience has, however, shown
that this:type. of: amplifier when used to. cperate.a.servo
valve,.cannot be compensated adequately for inlet pres-
sure changes to make it.practical for use.in connection
with: most servo systems.:. This type of amplifier has also
been. easily.-effected. by magnetic dirt particles between
the.pole pieces. and. the armature causing malfunction.

There have_ also been produced, various types of double
nozzle amplifiers which have utilized. two. coaxial opposed
nozzles with a flat plate-armature movable between them.
These amplifiers compensate quite. well for.inlet pressure
fllictuations but.are very dirt-sensitive. because of the fact
that’ there must be a very small clearance between each
fixed nozzl¢ and the face. of the armature. When the
armature is in center position the nozzlé gap is generally
not.more than .001 inch. on each side. . This.gap cannot
be iiicreased without spoiling the linearity and symmetry
of the out:put flow of valves controlled by said amplifier.
These amplifiers are also troubled by magnetic dirt which
cannot be removed from the hydraulic fluid by filters or
screens because of the minute particle sizes. Whenever
.anozzle type valve is in; operation, hydraulic oil or other
fluid“is ‘continually flowing from the nozzle against. the
armature and then near the pole pieces, giving the mag-
setic dirt plenty of vital magnetic areas to which it may
adhere.

It'is, consequently, an object of this invention to pro-
vide an electro-hydraulic amplifier of improved construc-
tion which results in more accurate and reliable operation
of thesame. A further object is to provide an electro-
hydraulic: amplifier in which the armature is acted:on by
fliid- discharged from' two nozzles both located: near op-
posite'ends' of the armature and:on the same face thereof:

Another object-of this invention is to provide a double
nozzle electro-hydraulic amplifier which is so constructed
that-dirt particles' of much larger sizes can pass through
the: same- than- could: heretofore be passed through de-
vices:ofi this kind: Tt is also:-an object of this invention
to:providera: device: of this kind: in- which the accumula-
tion of magnetic dirt particles is greatly reduced and takes
place:in:parts-of- the: amplifier in which they will not in-
terfere with: the. proper; operation of. the: same,.
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A further object is to provide an amplifier of this type
with' means for guiding hydraulic fluid in paths which
avoid exposure of .this fluid to magnetic. attraction.

Other objects. and: advantages will be: apparent from
the following description of: one. embodiment. of the in=
vention .and the novel features will be: particularly pointed
out hereinafter in:connection with the appended’ claims.

In the. accompanying drawings: .

Fig. 1:is-a central :sectional . elevation: of an-electro-
hydraulic amplifier-embodying. this: invention.

Fig: 2-is;:ar sectional plan: view. thereof; on line:2—2;
Fig.-1:

Fig. 3 is-an-elevation.thereof, with: the cover-shown in:
section;

Fig. 4-isra.fragmentary. sectional-elevation of a:nozzle
of modified constructions-

Fig.. 5 isia sectional-plan-view: ‘thereof; on-an: enlarged
scale;. on:line 5-+-5; Fig: 4«

Fig. 6.is a-centrali sectional -elevation. of my improved
electro-hydraulic .amplifier- showing the: same used with a
servo valve of different censtruction:

Fig; 7 is:a:fragmentary. sectional plan view thereof; on
line:7—7, Fig:. 6.

Fig. 8 is: a: fragmentary sectional elevation showing. a
nozzle of still: another- modified form: .

In Figs. 1 and.6-T have.shown:in. broken lines:some
hydraulic control- devices which-are of themselves old-in
the-art, but:in- connection with which my- improved. elecs
tro-hydraulic; amplifier: operates. These: devices -in. both
casestinclude a. hydraulic cylinder- 19 in which. a- piston
11:is arranged to. reciprocate, the.piston: being. mounted
on am; elongated piston. rod 12 extending- through: both
ends or heads of the hydrauljc cylinder. Passages; or ducts
14 extend. toward. oppesite -ends. of the-cylinder.:. Fluid
under pressure is. admitted- to the valve-and.to.the ampli-
fier through a tube or duct 15 and return.fluid. from. the
valve and amplifier passes to the system.drain line through
a duct. or passage 16..

The valve for. controlling the.operation, in.Fig.. 1, of.the
piston. 11 in.the cylinder 10 includes. a. valve: spindle .or,
spool 18, that shown being of cylindrical:form. and. having
a close running fit in.a bore formed in the. base.or, body,
19.0f the valve.. The base or body 19. has.three-annular
grooves. 20,. 21. and 22, formed, therein. in. such. manner
that they are slightly. overlapped: by each.of the enlarged
portions or lands of the spool. In the construction shown
in Fig. 1, the valve spool 18:is. normally.held, in a.zero
position as shown, by two. opposed compression: springs
24 and 25 which can be adjusted. for zero- position by.
means of a.set screw. 27 acting on. a centering. plug, 28
guided in an aperture. in a head:29. A lock nut, 30. may,
be provided for holding the adjusting screw.27 in its. de-
sired position.

The body. portion 18 of the valve is provided. with suit-
able passages, one of which connects: with the. annular
groove 21 and contains a filter-or strainer 32, of any suit-
able or desired: type. It will be noted. that the tube 15
connects. with the groove 21 in. the body portion 19, and
consequently, fluid under the. system .pressure is admitted
continuously to the. electro-hydraulic amplifier section of
the valve through the strainer-32;" The inlet passage con-
taining the strainer connects with a longitudinal passage
33 in the block 19 and this passage contains two equal
flow restrictors 34 arranged’ at opposite sides ‘of tlie. inlet
passage containing the ‘strainer,

At opposite sides of’ the-restrictors 34 the “passage- 33
connects: with-upwardly extending- passages 36; each:lsad-
ing to-a nozzle 37 which: terminates adjacent to opposite:
ends of-an armature 39; . These: nozzles may: be: of any:
usual’ type: such as: employed .in.connection: with: instrus
ments: of: this: type and: the armature. is: so supported; that-
it normally floats within a.,001: of an. inch; of nozzle: tip;,
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The nozzles and the electrical parts of the amplifier are
arranged in a motor chamber formed within a cover or
lid 49 suitably bolted or otherwise secured to the body
portion 19. )

The armature is in the form of a flat plate or strip of
iron and extends through a slot formed in a spool 41 of
suitable non-metallic material upon which a coil 4% is
wound. This coil is electrically connected to receive
signal currents as is common in amplifiers of this type.
The coil, consequently, will magnetize the armature 39
to form south or north seeking poles at either end thereot,
depending upon the direction of the signal current flowing
in the coil 42. The coil is partly enclosed by means of
pole pieces 43 and 44 which are in contact with permanent
magnets 45 and 46, and the pole pieces and magnéts are
securely fastened together, for example, by means of a
bracket member 47 of non-magnetic material, such for
example as brass, secured in place by means of screws
48, the lower ends of which have a threaded engagement
with the valve block or bedy portion 19. It will be noted
that the pole pieces are of U-shape with their legs spaced
apart to form two air gaps within which the armature 39
is arranged. Consequently, if the armature is magnetized
by current in the coil 42, one end of the armature will be
attracted by one end of one pole piece, and the other end
of the armature will be attracted by the opposite end of
the other pole piece, so that the armature is tilted by
what might be called a “push-and-pull” action.
sults in the movement of the armature away from one
nozzle and toward the other, thus permitting a greater
flow of fluid through one nozzle than through the other,
thus creating less back pressure in the fluid passing to
the former than to the latter. It will be understocd that
the end portions of the armature adjacent the nozzle tips
function as flow restriction baffles and because of their
rigid connection with the armature always move in cor-
respondence with the movement of the armature.

The interior of the cover 49 is filled with hydraulic
oil or other fluid at substantially the same pressure as
exists in other parts of the amplifier down stream from
the nozzle, and consequently, and of this fluid in prox-
imity to the magnetic parts of the amplifier would readily
deposit their magnetic dirt particles on any of such mag-
netic or magnetized surfaces. In order to reduce the
deposit of magnetic dirt particles on magnetic parts of
the mechanism to a minimum, I have made provisions for
returning the flow discharged from the nozzles back to
the drain or discharge duct 16 without passing into the
motor chamber, enclosed by the cover 40, although, of
course, when the amplifier is initially started oil or other
fluid will fill the motor chamber. In order to accomplish
this result, I have provided about each nozzle a fixed
sleeve 50, that shown being arranged concentrically with
the nozzle and spaced therefrom to form between this
sleeve and the nozzle a return passage through which
hydraulic fluid may pass to a duct 51 suitably formed in
the base or body portion 19. This passage 51 connects
with a passage 52 leading to the annular groove 2§ in
the body portion 19, and this annular groove 20 con-
nects with the discharge duct or passage 16. Consequent-
ly, it will be obvious that after the chamber within the
cover or lid 49 is filled with hydraulic fluid, practically
all of the fluid discharged by the nozzles 37 will pass intc
the space between the nozzles and the sleeves 50, and
thence out of the amplifier.

In order to avoid to the maximum extent any interfer-
ence by the sleeves 50 with the action of the nozzies on the
armature 39, the upper edges of the sleeves 50 are spaced
slightly below the tops of the nozzles 37, so that the upper
ends of the sleeves do not contact the armature, and
furthermore, the upper ends of the sleeves are preferably
beveled, as shown at 54, so as to reduce to the minimum
any interference of the upper ends of these sleeves with
the free motion of the armature 39. :
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The passage or duct 33 terminates in a pair of down-
wardly extending passages 56 which terminate in the bore
of the body 19 beyond the opposite ends of the spool 18.
These passages may contain restrictors 57. For most
valve operating requirements these restrictors are not nec-
essary, but they can be provided to attenuate the dynamic
response of the valve at high frequencies because of the
velocity damping that these restrictors provide.

if the restrictors 57 are disregarded, then it may be
considered that the fluid pressure throughout the fluid
volume, herein also called the nozzle chamber, lying be-
tween a flow restrictor 34, the tip of a nozzle 37 and the
end of the valve spcol is very nearly constant for any
instant of time because the outlet from this space or
nozzle chamber at the nozzle tip is a restricted opening
and the velocity of fluid within this space is very low,
the restriction being caused by the presence of the arma-
ture 39 normally floating within .001 of an inch of the
nozzle tip. '

Fluid passing through the variable resirictions between
the nozzle and armature travels down through the pas-
sages within the cylindrical sleeves 50 through a fluid
restrictor 58 and out of the drain pori 16. This flow re-
strictor is also not absolutely essential to the performance
of the amplifier, but it maintains a pressure in the nozzle
drain space and motor chamber which seems to minimize
the effect of the system drain pressure fluctuations on
valve performance. The pressure in the nozzle drain
passages within the sleeves 5% and motor cap 40 may,
for example, be about 200 pounds per square inch. The
nozzle chamber pressures are usually con the order of 550
pounds per square inch for the zero signal condition with
approximately 2000 pounds per square inch system pres-
sure being applied.

The ceil 42 has terminal rods 66 which extend through
an insulating plate 61 suitably secured to the cover 49
to close an opening formed therein.

It will be noted that the pole piece 43 is arranged above
the armature and the pole piece 44 below the armature
and the permanent magnets are so located that the north
seeking end of each bears against the same pole piece.
Consequently one of the pole pieces becomes north and
the other south. The armature 39 is constructed of a low
hysteresis material which is magnetic, and it is of course
desirable to locate the armature in the middle of the space
between the pole pieces. The armature is limited in its
travel toward the face of the lower pole piece 44 by the
tips of the nozzles 37 which are preferably made of a
hard non-magnetic material such as hardened beryllium
copper. Movement of the armature in the opposite di-
rection is limited, for example, by means of shims 64 of
a non-magnetic material such as brass which may be
mounted on the armature or on the pole piece 43. These
limits allow the armature to operate cnly in the middle
30 percent of the total air gap between the pole pieces.
If, for example, this gap is .020 inch, then the armature
will move only in a space of approximately .006 inch.
This centering of the armature in the air gap may be
effected in- any suitable or desired manner, and in the
construction shown by way of example, the armature is
held in place by means of springs 63 which are connected
with the armature near each end thereof. It is important
that the spring rates of the support springs 63 is approxi-
mately equal to the armature force-deflection rate caused
by the action of the permanent magnetic field on the
armature at each air gap, in order that these two rates can
cancel each other out. With these conditions in effect, it
will be understood that the armature may be positioned
at any point within its operating range of either air gap
without the application of any substantial change in force.
In other words, the armature practically floats in the air
gaps. S
Considering the operating forces acting on the armature
at either end thereof, they are the force caused by the
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difference in pressure between the passages leading to
the-nozzle, i e., the'nozzle chamber, and'the nozzle drain
passages including those within the sleeves 50; acting on
an ‘effective: area of the armature which nearly equals
that'of the sharp-edged nozzle opening, said force being
a linear function of the pressure differential since the
effective- area remains' nearly constant for all mormal
positions of the armature 39. The biasing force applied
by the support springs 63 is required to set the zero signal
pressure level'in the passages leading to the nozzle, and
since this spring rate is nearly cancelled by the armature
rate, as mentioned above, the resultant force is therefore
nearly a constant biasing force for all armature positions.
The force on the armature caused by magnetic flux un-
balance in the air gap due to flow of current in the coil
42 resulting from an electric signal determines the polarity
of the armature depending upon the direction of the cur-
rent flowing in the coil. This determines toward which
pole piece face the armature is attracted. The magitude
of this force is a linear function of the current below the
saturation level.

Consideration of the forces mentioned shows that each
of ‘the bodies of fluid in the passages of the instrument
leading to the nozzles maintains a pressure which is
nearly a linear function of the current or in-put signal
in’ the: coil. ‘The polarity is such that when one end -of
the armature is attracted toward a nozzle because of a
signal applied to the coil, then the other end is attracted
away from its nozzle. As a result, the difference.in pres-
sures between the fluid in the two passages leading to
the nozzles is always a linear function of the applied
electric. signal (below the saturation level).

The liquid in the passages leading to the nozzles acts
on their respective ends of the valve spool 18 so that the
resultant driving force on the spool is a linear function of
the electric signal. This spool driving force is opposed
by the centering springs 24 and 25 which. have a linear
spring rate so that the displacement of the- spool from its
centfer position -is also a: linear function of. the electric
signal. . In turn the flow-area of each port is a linear func-
tion of the spool travel, and therefore, of the signal applied
to'the coil. - The travel of the piston 11, however, is not
necessarily at a velocity proportional to the electric signal,
since the external applied loads on the. piston may be
fluctuating, as well as the system pressure of the actuating
fluid. ~If system pressure is held constant and no load is
cxerted on the strut the velocity of travel of the piston 11
is proportional to the signal.

In order to adjust the valve after assembly of the same,
the cover 40 is removed .and.: the. system pressure which
may, for example, be 1000 pounds per square inch is
applied to. the passage 15.while the spool 22 is locked
In its zero position by any.suitable means, such as special
end caps (not shown) which.replace the end cap 29 at
one end. of the spool and an end cap 66 which is secured
on the other end of the body portion 19 and against which
the spring 25 reacts. The pressures-of the fluid in the
passages leading to the nozzles are then adjusted by loos-
ening the spring- retaining screws 68 slightly. These
screws preferably pass through slots in the upper ends
of the spring 63.  These ends of the springs are, conse-
quently, adjusted vertically until the desired back pressure
is reached, for example, when the pressure of the fluid in
both passages leading to the nozzles are at 350 pounds per
square-inch.. The springs are also adjusted so that the
pressures acting on opposite ends of the valve spool are
equal. The screws are then tightened to lock the springs
in position. - The cover 4@ may then be installed and the
system pressure applied. With zero signal in the coil 42,
the set screw 27 is also set to position the valve spool in
the zero position so that no fluid emerges from either
side through the passages 14. The valve and the electro-
hydraulic amplifiér are then in adjustment.

The springs are mounted on the bracket 47 which is of

10

15

20

25

30

4

)

45

50

55

60

70

75

6

non-magnetic . material, such as brass, and. which. also
acts'as a clamp ‘to hold"the: pole pieces, the magnets and
the coil with the spool 41 all'inplace and clamped to the
body 19 in any suitable manner; for example; by means
of the 'screws shown. The nozzles 37 must, of course;
be of equal tip.area and the bases’ of' the nozzles. are
pressed into apertures in' the” body portion 19. The
various flow restrictors are also. pressed. into thejr pas-
sages in the body.

A slightly modified construction of the nozzles is shown
in Figs. 4 and 5; iif which the nozzle 71 has a passage
70 forming a part of the nozzle chamber. A.slidable
cap ‘72 is mounted to move vertically on ‘the nozzle, this
cap having a central knob or projection 73  which bears
against the undersurface. of'the” armature 39. A light
spring 74 normally urges the cap 73 into engagement
with the undersurface 'of the armature. The cap is made
of a non-magnetic material.and is.as light as possible in
weight, and consequently, the spring 74 is also. so light
that it does not materially affect the operation of the
amplifier. The fluid discharged, by the nozzles,. conse-
quently, does not contact the armature but the discharge
of fluid from the nozzles is nevertheless controlled by the
position of the armature and the cap 72. The nozzles are
provided with suitable holes or passages 75 similar to
those shown in Fig. 1 and terminating in an annular
groove in the nozzle in registration with the flaid dis-
charge passage 51.

Since the pressure of fluid within the cover or lid 40
must be substantially equal to the pressure of fluid dis-
charged from. the nozzles, it will be obvious that with a
construction such as shown in Fig. 1, in which the cylin-
der 50 which extends about the valve is open at its uppéer
end, sufficient actuating fluid can.flow into the chamber
over the upper edge of the sleeve 50 .to maintain the de-
sired pressure relationship. With a construction such as
shown .in Figs. 4 and 5, in which a closed cap 72 is em-
ployed, it is necessary to provide other means for sup-
plying fluid.to the space within the caver. ot dome 40,
and for this purpose, I have shown in Figs. 6 and 7 means
for accomplishing this result,. and at the same time re-
moving magnetic dirt or foreign material from the fluid.
In this construction, I have. provided a shallow recess. or
chamber 78 in the upper surface of the base or body 19
of ‘the instrument which is connected with the discharge
passage 51 by means of a connecting passage or duct 79.
This chamber 78 is arranged below the Iower pole piece
44 and extends beyond the opposite ends of this pole
piece, so that fluid may be discharged from the ends. of
this chamber into. the other chamber: within the cover
40. Consequently, fluid discharged from the nozzle passes
from the discharge passage 51 upwardly into the chamber
78 and to the motor chamber. ‘The advantage of this con-
struction is that the actuating fluid passes into. close
proximity to the lower pole piece. which is. strongly. mag-
netized so that magnetic particles in the fluid will attach
themselves to a non-critical area of this pole piece. The
chamber 78 is amply large enough so that there is no
danger that sufficient of these magnetic particles will
accumulate in the passage 78 to interfere.in any way with
the correct operation of the instrument, particularly since
no fluid flows through this chamber during the normal
operation of the amplifier.

Amother modified construction, is. shown in Fig. 8,.in
which a nozzle 80 is enclosed in a fixed cap. 81. This
cap has an axially extending aperture in the, upper por-
tion thereof in which a plunger 82 is slidably arranged:
This plunger is directly above the discharge orifice of
the nozzle 80 and also contacts with. the armature. 39,
Consequently, when the armature ‘is moved upwardly,
due to a signal in the coil of the instrument, the plunger
82 is permitted to rise and thus cause a larger quantity:
of fluid to be discharged from the nozzle 80. This plunger
is very small and light and does not interfere in any way.
with' the operation of the instrument, The: nozzle. press:
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sure is sufficient to make the plunger 82 follow the arma-
ture at all times. This type of nozzle construction must
of course be used in connection with the amplifier shown
in Figs. 6 and 7, in which a passage is provided connecting
the space within the cap 40 with nozzle drain passage.

My improved electro-hydraulic amplifier may be used
without change to operate a pressure control type of
servo valve. This application of the amplifier is illus-
trated in Fig. 6. The flow control valve shown in Fig.
6 is different from that shown in Fig. 1, in that the valve
spool 85 is mounted so that it floats to a position in
which the total pressure forces at each end are in bal-
ance, whereas in Fig. 1, the spool took positions propor-
tional to the electric signal. The force balance on the
spool 85, Fig. 6, is controlled by the electric signal in a
linear manner, but the position of the spool is now a com-
bined linear function of the external load pressure from
the piston rod 12 and the amplifier signal.

The difference between the pressures of the cylinder
passages 14 consequently is a linear function of the ap-
plied electric signal, and the flow from the cylinder ports
is continually adjusted to maintain this relationship.

In the construction shown in Fig. 6, the pressures in
the nozzle chambers or passages leading to the nozzles
are still admitted to equal areas at each end of the spool,
but also acting on another small area at each end of the
spool are the cylinder port pressures communicated in
the polarity shown. The small diameter end portion 86
at each end of the spool 85 has a close running fit in end
caps 87, and these caps in turn fit closely in'the bore
88 of the body 19. The hydraulic fluid at cylinder port
pressures are transmitted from the passages 14 by means
of ducts or passages 90 and 91 leading to annular grooves
92 in the end caps 87 from which the actuating fluid
passes into spaces in these caps beyond the ends of the
small ends of the spool 85.

The pressure control valve is adjusted in the same man-
ner as described in connection with the flow control valve
except that there is no centering spring adjustment for
the spool.

The coil 42 in either of the constructions shown can
be a single coil, as indicated, or it can be cf the push-
pull type wherein the magnetic force acting on the arma-
ture will have magnitude and means proportional to the
differential current between the two windings of the coil.

The amplifier described has the advaniage that even
large fluctuations in inlet pressure of the operating fluid
are compensated for by the fact that the construction is
symmetrical in design. Consequently, any increase or de-
crease in fluid pressure will act equally on both ends of
the armature, and therefore produce no movement of
the valve spocls 18 and 85. The amplifier is not sensitive
to external vibration because of the low mass of the
armature and due to the fact that both nozzles are mount-
ed on the same side of the armature, so that a displace-
ment of the armature, due to shock load, would cause
the same change in said pressure at each nozzle, so that
the difference in flow of fluid through the nozzles. which
controls the nozzle chamber pressure differential which
is the out-put of the amplifier, remains unchanged. The
temperature compensation is also good because of the
symmetrical design with both nozzles on the same face
of the armature. The materials used in the constructien
can be selected with very nearly equal thermal expansion
coefficients.

The most important feature of my improved clectro-
hydraulic amplifier is its ability to automatically pass
particles of dirt up to nearly .006 inch greatest dimension
without malfunctioning. This is possible because of the
floating armature feature mentioned where the armature
rate cancels the supporting spring rate, and also becauss
the nozzles are mounted on the same side of the armature.
When particles of dirt arrive at a nozzle end, such dirt
paiticles partly plug the space or restriction between the
nozzle and the armature, which is normally no greater
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than .001 inch even with a full signal applied. When a
dirt particle is thus lodged, the nozzle chamber pressure
begins to increase, thus disturbing the force balance so
that the armature tends to move away from the nozzle
until the force balance is re-established. Since the arma-
ture can travel a total of .006 inch away from the nozzie
before the shim 64 contacts the upper pole piece, there
is every possibility that foreign particles up to this size will
escape. The operation of the valve in a closed loop servo
system also tends to utilize the full available armature
travel to free particles of dirt. The nozzles therefore have
a self-cleaning feature.

Itis also an important feature of my improved amplifier
that because of the cylinders or caps arranged about
the nozzles, the flow of hydraulic fluid through the motor
chamber within the cover 49 is stopped so that magnetic
dirt cannot adhere to vital motor areas. Also the pro-
vision of the magnetic trap formed by the passage 78
is an important feature in enabling the amplifier to
operate continuously without being interrupted by the
accumulation of magnetic foreign matter.

The construction described can be produced more
economically and with less skilled labor than has been
possible with devices of this nature which have hereto-
fore been made. For example, it is not necessary with
this construction that the two nozzles 47 be positioned
exactly at the same level since a slight amount of differ-
ence in height of the two nozzles will do no harm since
this will be readily compensated for by positioning the
armature 39. On the other hand, with amplifiers of
this type in which the nozzles are located at opposite
sides of an armature, a clearance of nearly .001 of an
inch must be equally provided between each nozzle and
the armature in order to make the instrument operative.

It will of course be obvious that the hydraulic fluid
used in connection with this instrument may be either
of liquid or gaseous form.

It will be obvious that various changes in the details,
materials and arrangements of parts which have been
herein described and illustrated in order to explain the
nature of the invention may be made by those skilled
in the art within the principle and scope of the invention
as expressed in the appended claims.

I claim as my invention:

1. In an electro-hydraulic servo valve, a coil for re-
ceiving electric signals, an armature about which said
coil extends for magnetizing said armature when a signal
is received by said coil, said armature being in the form of
a thin plate extending beyond the opposite ends of said
coil, two pairs of magnetic poles of opposite polarity,
one pair extending into close proximity to said armature
beyond one end of said coil and the cther pair extending
into close proximity to said armature at the opposite end
of said coil, fluid discharge nozzles terminating in close
proximity to said armature at opposite ends of said coil
and acting on the same face of said armature, means
for resiliently locating the opposite ends of said armature
normally in positions in which said armature is disposed
in close proximity to both nozzles, said armature when
magnetized by a signal in said coil swinging toward one
of said magnetic poles and away from a nozzle, and
means actuated by the difference in flow of fluid through
said nozzles for amplifying the power developed by said
coil,

2. In an electro-hydraulic servo valve including an
armature, pole pieces acting on opposite faces of said
armature, spring means holding said armature approxi-
mately midway of said pole pieces, an electric coil which
may be energized to cause said armature to be attracted
i0 one of said pole pieces, and a fluid discharge nozzle
having its discharge end terminating in close proximity
to said armature, that improvement which comprises
a part extending about said nozzle in spaced relation
thereto and forming a passage about said nozzle through
which fluid discharged by said nozzle is directed, means
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connecting with said space for withdrawing fluid from
said space without coming in contact with said pole
pieces, said part extending about said nozzle being rigid-
ly secured in fixed relation to said nozzle and having its
upper end closed, an aperture in said upper end, and a
plug movable in said aperture and interposed .between
said nozzle and said armature.

3. An electro-hydraulic amplifier including a coil for
receiving electric signals, an armature about which said
coil extends for magnetizing said armature when a signal
is received by said coil, said armature being in the form
of a thin plate extending through said coil, magnetic
members having poles of opposite polarity at opposite
faces of said armature and in close proximity thereto, a
fluid discharge nozzle arranged to discharge operating
fluid at a rate controlled by the position of said armature,
a cover enclosing a space about said pole pieces, said
armature and said nozzle and formed to contain fluid at
the pressure of that discharged from said nozzle, a part
extending about said nozzle and spaced therefrom to form
a passage for fluid discharged from said nozzle, and a
chamber connected with said passage and terminating in
said space for conducting fluid to said space, said cham-
ber having one wall thereof formed by one of said mag-
netic members, whereby magnetic particles contained in
the fluid passing through said chamber will become at-
tached by magnetism to said magnetic members.

4. In an electro-hydraulic servo valve: a housing; a
pair of fluid discharge nozzles mounted in said housing
in spaced generally parallel relationship, said nozzles
having pressure chambers therein connected with re-
stricled passageways leading to a system source of fluid
under pressure; means connected to said pressure cham-
bers and responsive to the differential pressure between
said chambers for controlling the operation of said valve;
a pair of flow restriction baffles, one for each of said noz-
zles; means mounting said baffles in said housing adjacent
the tips of said nozzles, said means including a resilient
member holding said baffles in limited floating relation-
ship to said tips for movement substantially towards and
away from said tips and permitting simultaneous move-
ment of said baffles in the same direction relative to said
tips upon a change in the pressure of said system source;
an electrical signal coil mounted in said housing; an elon-
gated armature extending through said coil and adapted
to be longitudinally polarized in accordance with the di-
rection of signal current flow through said coil; two pairs
of magnetic pole pieces mounted in.said housing, each
including poles of opposite polarity spaced apart at the
end portions of said armature, the pole pieces of one
polarity being arranged on one side of said armature and
the pole pieces of opposite polarity being arranged on the
opposite side of said armature, said armature being
moved towards one pole at one end portion and towards
the pole of opposite polarity at the other end portion
when a signal is applied to said coil; and means rigidly in-
terconnecting said baffles with said armature for move-
ment in accordance with the movement of the end por-
tions of said armature towards one of said nozzles and
away from the other of said nozzles when a signal is ap-
plied to said coil.

5. In an electro-hydraulic servo valve: a housing; a
pair of fluid discharge nozzles mounted in said housing
in spaced relationship, said nozzles having pressure cham-
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bers therein connected with restricted passageways lead-
ing to a system source of fluid under pressure; means
connected to said pressure chambers and responsive to the
differential pressure between said chambers for control-
ling the operation of said valve; a pair of flow restriction
baffles, one for each of said nozzles; means mounting said
bafiles in said housing adjacent the tips of said nozzles,
said means including a resilient member holding said baf-
fles in limited floating relationship to said tips for move-
ment substantially towards and away from said tips and
permitting simultaneous movement of said baffles in the
same direction relative to said tips upon a change in the
pressure of said system source; and reversible motor
means connected to said baffles and adapted to exert a
couple tending to move one of said baffles towards its
»adjacent nozzle and the other of said baffles away from
its adjacent nozzle when energized by an electrical signal.

6. In an electro-hydraulic servo valve having an elec-
trical signal coil, an armature extending through said coil’
for movement in accordance with the signal on said coil,. '
and a fluid discharge nozzle having its outer discharge:
end directed towards said armature: a part extending:
about said nozzle in spaced relationship thereto and defin-
ing a passageway therebetween for fluid discharged from:
said nozzle; return conduit means connected to’ said part:
and open to said passageway; a cap portion rigidly con--
nected to the outer end of said part and closing towards:
said nozzle discharge end; and a plunger positioned be-
tween said armature and said nozzle discharge end for
movement with said armature and freely movable
through said cap portion, whereby fluid discharged from
said nozzle impinges against said plunger and is directed
outwardly into said cap portion.

7. In an electro-hydraulic servo valve having an elec-
trical signal coil, an armature extending through said coil
for movement in accordance with the signal on said
coil, and a fluid discharge nozzle having its outer dis-
charge end directed towards said armature: a sleeve ex-
tending about said nozzle in spaced relationship thereto
and substantially coextensive with the discharge end
thereof, said sleeve defining with said nozzle an annular
pasageway for fluid discharged from said nozzle; return
conduit means connected to the inner end of said sleeve
and open to said passageway; a cap portion rigidly con-
nected to the outer end of said part and closing towards
said nozzle discharge end; and a plunger positioned be-
tween said armature and said nozzle discharge end for
movement with said armature, said plunger being in the
form of a circular pin freely movable through said cap
portion and having an end surface covering the opening
in said nozzle discharge end and movable towards and
away therefrom in accordance with the movement of said
armature.
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