2,930,360

2 Sheets-Sheet 1

S. YANDO
SERVO MECHANISMS

March 29, 1960
Filed March 28, 1958

0
0
INVENTOR.
STEPHEN YANDO

ALWmRB ARRRL RLIILRALLLY

NN L N e e )
ESSSY R g
N M \
o N B ST S T ST
n Vo \ DI L L L Ll L Ll Ly
3

T e e TN
7 m m (]
= A

- —— ) F <O
LT ] > 385

b 2
Y R

' ‘//A £5 TANERE AAAN AULN CRAIREARARIANAAARNIY S 230

rﬂ; m-'..l”..rw,b,%
[t R A 2 N

BY

3
3
\
]

frity
R A O T E T

A L
R E E E E E E E E R T S S Y N

&

'ATTORNEYS.



930,360

2

S. YANDO
SERVO MECHANISMS

March 29, 1960

2 Sheets-Sheet 2

szgﬁ

Filed March 28, 1958

Q.
14a

72q,
82a;

<
]
M

/“ .

LR

LLLLLA 7Y

12a

g
>
~

2 4 M
d d 3 2
&8 g 4 3 g

\ Sl Sed ¢ &\ uwm&
(<] g K 3
~ "m m \Vﬂ!ﬂlltiﬂiﬂ!ﬁlfﬂl!nwwlll il!r;‘/ S

|JMM (e'e) —-Hu'
N D g O §\\\\\\¢\\\\ \\\\a&

1 — A e

Y1 (/74

.........

AQQo

,'ﬂ?a;

\\\ .\\\\\\\\.\\\\\

o '
30505055
& o‘o%o.

;».

8A
S56a-
52

d d
u/ § 3
S

‘48a
4—6

QAL LU L AR RO

l

4]
53

§ BLE

A A A R OO // NN ../

%ﬂQmm
Zl\,

P TR
W77 o
1\% &

BN ".””””"’”””’;’”””””‘. ANARNARRRRRRNY |

% Y

\\\\\\\\\\\\\ z,

\
\
N
N
\J

'INVENTOR.
STEPHEN YANDO

BY

f‘eztna¢rs

ATTORNEYS.



United States Patent Of

_ 2,930,360
Patented Mar. 29, 1960

cCc

2,930,360
SERVO MECHANISMS
Stephen Yando, Huntington, N.Y.
Application March 28, 1958, Serial No. 724,683
2§ Claims. (Cl. 121—41)

This invention relates to servo mechanisms. Servo
mechanisms are designed to make large forces and mas-
sive equipment sensitively and accurately responsive to
light control forces. They have many valuable uses in-

- cluding, for example, power brake and power steering
control in automobiles, the management of aircraft con-
trols, and the programmed control of massive mecha-
nisms in which-a power output member is caused pre-
cisely and dependably to assume and strongly maintain
a definite position for each different operated condition
of a light ‘and sensitive control member.

In ‘the conventional electro-fluid form of servo-mech-

anism, an electromagnetic control member is commeonly

provided for-a fluid valve unit. The valve unit controls
the. delivery of pressure fluid to a fluid actuator and the
discharge of fluid from the actuator. The purpose is to
cause a powerful and relatively massive output member,
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strongly driven by the fluid actuator in either of two . ‘
opposite directions from a zero. position, to assume a -

position uniquely characteristic of the measure and sense
of the input control voltage supplied from a control
station. The cutput member is accordingly arranged to
control a feedback voltage unit in such a way that the
feedback voltage is always oppesite in seénse to the input
voltage and is caused to increase progressively in absolute
value as the displacement of the output. member from
the zero position increases, until the feedback veltage
cancels: out the -input. voltage, causing the net voltage
applied to the electromagnetic control member to be
zero, and thereby causing the valve to be. restored to
the neutral condition in which fluid can neither enter
nor leave the fluid actuator.
kind involves a number of distinct operating units of con-
siderable. aggregate weight and cost,. each subject to its
own. infirmities, and a rather oomplex and elaborate cir-
cumy

It is the pr1mary object of the present invention to
provide -a servo. mechanism. capable - of performing the
services outlined above in an improved way, which mech-
anism is reduced to a very simple electrical or- other
effective. control means, together with a single composite
unit comprising a control valve, a power actuator and
an output member.

Important advantages of the mvenuon reside .in. the
reduction of cost due. to: simplicity’ of organization, parts
and assembly, reduction’ of space required, lightness of
construction adapting the- mechanism to be airborne,
ruggeduess, dependability,, premsmn of response, and.sta-
bility: under load.

It is an important. object: of the 1nventxon to provide a

feedback ‘system. which acts, not to eliminate. the appli~

cation of the yielding control. force to the valve when
the desited position of the output member has' been
attained, but rather to develop automatically; as-a func-
- tion of the extent of displacement of the piston; a force
which will: balance the control force and return the

valve to the neutral condition when the extent of output

An organization of this:
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2
operatxon characteristic of the apphed control force has
been attained.

It is a further important object of the invention to
provide a valve balancing system, devoid of wiring and
of electrical circuits, which is capable of automatically -
opposing a progressively increasing resistance to the con~
trol-force, through the valve, as the displacement of the
output member progresses, causing the control force to
be balanced and the valve to be returned to, and stably
maintained in, the neutral or non-operating relatxon by
said balanced forces.

To these ends, and in_accordance with a preferred 111us-
trative embodiment of the invention, it is a feature that
provision ‘is made of a ported cylinder, a piston in the
cylinder, a slide valve associated with the cylinder and
normally occupying a neutral position- relative to: the
ports so that fluid under pressure can neither ‘enter. nor
leave the cylinder, magnetic means carried by ‘the valve
and by the piston and arranged to.cause the valve nor-
mally to occupy a neutral position, and control' means
aperable yieldingly to displace the valve, the construction
and arrangement being such that the piston is caused to
be eperated in a direction opposite to that in which the
valve has been displaced, and. is: effective magnetically
to repel either end of the valve which it approaches with
progressively increasing force until the net effect of the
force exerted by the piston on the valve becomes equal
to the vieldingly applied control. force, returns the valve
to. neutral position over the resistance of said control
force, and thereby establishes a stable condition of the
output member, free from substantial hunting effects,
with: the ouiput member in a. definite: position uniquely
characteristic. of the magnitude and dlrectlon of the con
trol force acting on the valve. -

It is not essential that the feedback means utilize per=
manent magnets, since electromagnets or other field pro-
ducing means may be utilized. The number and arrange-
ment of the field producing means may also- be varied,
as. can the valve arrangement and. various other features
The mechanism: may be contrived to
cause the feedback forces to operate according to any.
desired law in: relation to the extent of piston displace~
ment. With permanent magnets, each magnet operates:
according to a-square law, the repelling force increasing
i inverse relation to the square of the distance between
the: piston carried and: valve carried poles-under consider-
ation. . This is advantageous because of the stability which. -
the system is caused to have 1n various operated condi-
dons

Other objects and advantages wﬂl heremafter appear.

In the drawing forming part of this specification, .

- Fig. 1 is~a longitudinal section of an-illustrative fluid
servo- device embodymg features ~of the mventlon, the'
parts- meg ‘$hown in a neutral condition; .

Fig. 2 is a transverse sectional view, taken on the 11ner

. 2—2 of Fig. 1, looking in the direction of the arrows;
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- Fig. 3. is a reduced longitudinal section-similar to- Fig,
1 wherein a slide valve is shown in a position to establxsh
fluid. connections- for- driving the piston upward;

Fig. 4 is a view similar to Fig. 3 wherein the: slide valve
is shown in a position to establish connections for: driv=

“ing the piston downward;

. "Fig: 5 is a longitudinal section of another illustrative
form of: fiuid servo device, embodying features: of the in-
vention, the parts being shown in‘a neutral condition; -
"Fig. 6 is a transverse sectional view taken along line:
6—6 of Fig 5, looking in the direction of the arrows;
" Fig. 7 is a reduced section similar to Fig. 5 wherein the
slide valve is'shown.in a posmon to establish:. fluid con-
nections for dr1v1ng the piston upward; and S

F1g 8isa v1ew similar to Flg 7 wherein the slide valve
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is shown in a position to establish fluid connections for
driving the piston downward.

An illustrative electro-hydraulic servo device 10 em-
bodying features of the invention is disclosed in Figs.
1 to 4, inclusive. The device 19 comprises an elongated
housing 12, shown -as of cyclindrical configuration. The
housing 12 is fluid-tight, being closed at its upper end by
a wall 14 and at its lower end by a wall 16. The lower
end wall 16 is provided with an opening in which there
is mounted an inner valve sleeve 18. The valve sleeve
18 forms an integral part of the housing 12, being se-
cured thereto at its upper end through a radial wall 20,
and at its lower end through the wall 16.

. The valve sleeve 18 is provided with a plurality of inlet
ports 22 and 24, adjacent the walls 16 and 20, respec-
tively. The ports let into annular space 26 that is de-
fined between the sleeve 18 and the outer wall of the
housing 12. Inlet port 22 provides for fluid entrance
into the lower portion of the lonmgitudinally extending
fluid space 26, while inlet port 24 serves as a fluid inlet
at the upper end of the fluid space 26.

To provide for the discharge of fluid longitudinally

spaced fluid exhaust or outlet ports 28 and 30 are pro-
vided in the valve sleeve 18, adjacent, respectively, to
the walls 20 and 16. The outlet port 28 permits the dis-
charge of fluid from the upper portion of the longitu-
dinal space 26, while the lower outlet port 30 permits
the discharge of fluid from the lower portion of the
space 26.
- The annular fluid space 26 is provided into lower and
upper working chambers 32 and 34 by the interposition
of an output member in the form. of a fluid actuated
piston 36. The piston 36, which is the initial member
of a power output mechanism, is suitably secured through
slide rods 38 for transmitting motion of the piston to any
external output member such as a crossbar 40 and an
eye member 42 which is unitary therewith. Although,
in the instant embodiment, members 38 are shown in the
form of rods threaded at their lower ends 44 to the
piston 36 and at their upper ends 46 to the crossbar 40,
it will be understood that they may take any other con-
venient and practical shape.

The piston 36 is selectively moved in the working space
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26 of the cylinder by the introduction of fluid under-

pressure to either one of the chambers 32, 34 and the
simultaneous discharge of fluid from the other of said
chambers. For this reason, a conduit 52 is provided
as a means for supplying fluid under pressure from any
suitable external source of energy such as a hydraulic
pump (not shown) to the interior of the sleeve 18 through
an opening 54, the opening 54 being formed in an end
portion of the valve sleeve 18 which projects beyond the
lower end 16 of the housing 12. The fluid under pres-
sure is transmitted selectively either to chamber 32 or to
chamber 34 by a slide valve 56.
. The slide valve 56 has a snug but free sliding fit in
the valve sleeve 18. A spline 56x is provided which
prevents rotation of the slide valve 56 but does not re-
strain the desired sliding motion. It is provided with in-
let and exhaust passages 58 and 60. The inlet passage
58 has an entrance port 62 that is in constant communi-
cation with the inlet aperture 54 and the pressure fluid
supply means or conduit 52. The pressure fluid is there-
fore in constant communication with the inlet passage
58. The passage 58 is provided with a fluid port 64
for alignment with the inlet port 22 of the valve sleeve
18, and with a fluid port 66 for alignment with the inlet
port 24 of the sleeve 18, so that fluid under pressure
may be selectively transmitted to the chamber 32 or the
chamber 34 under the control of the slide valve 56.
Normally, however, the valve occupies a neutral position
like that shown in Fig. 1, in which the passage 58 com-
municates neither with the port 22 nor with the port 24.
. The discharge passage 66 of the slide valve 56 is pro-
vided with side passages or ports 68 and 70 for cooperat-
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ing, respectively, with the discharge ports 28 and 30. In
the neutral relation of Fig. 1, however, the passage 60
is not in communication with either the port 28 or the
port 30.

It is to be noted that unlike the inlet passage means
58, the exhaust passage 60 extends the complete length
of a comparator 88 (to be more fully described and
explained presently) of which the valve 56 forms a part,
opening at its upper end into a fluid receiving pressure
equalization chamber 72 defined in the upper end of the
housing 12 between the end wall 14 and the imper-
meable transverse wall 20 thereof. The lower end of
exhaust passage 60 opens into a fluid pressure equaliza-
tion chamber 74 defined in the projecting end of the
sleeve 18. Stops 72x and 74x are provided at the ends
of the chambers 72 and 74, respectively, for keeping
the passage 60 in free communication with the chambers
and for limiting the stroke of the valve 56. An outlet
opening 76 is provided in the projecting end of the sleeve
18 to permit the discharge of fluid in the direction of the
arrow 78 from the device 10 to a receiving or recirculat-
ing chamber, not shown. Valve means, not shown, may
be provided in a discharge line (not shown) for assuring
the presence of fluid under predetermined limited pres-
sure at all times in the passage 60 and in both theé cham-
bers 72 and 74.

The position of the piston 36 and its related output
member 40 is precisely determined and maintained by the
unique comparator 88 which serves as a novel feedback
means, The comparator 88 comprises the slide valve 56
and a plurality of field responsive members, illustratively
shown as permanent bar magnets. These include bar mag-
nets 80 and 82 fixedly carried and mechanically joined by
the slide valve 56 beyond the opposite ends of the range of
piston travel. The magnets 80 and 82 are, themselves,
field producing, but since the comparator with its mag-
nets 80 and 82 is designed to yield to magnetic and elec-
tromagnetic forces, the magnets 80 and 82 are referred
to as field responsive. -~ A further bar magnet 84, fixedly
secured upon the piston 36, constitutes a further field
producing means and serves as one input to the compa-
rator, the other input being an arbitrarily produced dis-
placing -force yieldingly applied to the comparator as
will be more fully explained. The magnets 80, 82 and

5 84 all have their axes disposed parallel to the axis of cyl-

inder 32, The magnets 80 and 82 both have their north
poles disposed in one direction and their south poles
disposed in the opposite direction, but the arrangement
of the magnet 84 is the reverse of that of the magnets
80 and 82.

In the absence of other forces acting on the com-
parator 88, this magnetic polar relationship causes the
slide valve 56 to assume the neutral relation of Fig. 1
when the piston is in its median or zero position, as
shown .in Fig. 1.

Selective controlled operation and displacement of the
piston 36 away from the zero output position is pro-
duced by applying an extraneously produced, vielding
displacing force to the comparator 88 through a dis-
placing force applying means, The displacing force may
be applied mechanically or in any other suitable manner.
As illustrated an electromagnetic coil 86, adapted to be
energized selectively by current flow of any selected value
and in either direction desired, is fixed on the protruding
end of the sleeve 18 in position to have the magnet 80 re-
ceived within it to a greater or lesser degree. Displace-
ment of the valve 56 from neutral is effected in one di-
rection by the flow of current in ome direction through
the coil 86 and in the opposite direction by the flow of
current in the opposite direction through the coil 86, the
comparator being attracted by the action of the coil on
the magnet 80 in one case and repelled by the action of
the coil on the magnet 80 in the other.

Since the valve balancing forces exerted upon the com-
parator magnets 80 and 82 in the zero position of the
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plston 36 are light forces, even a light yielding force ap-
plied to the valve 56, mechanically or through the coil
86, will suffice to disturb the balanced condition of the
comparator and the neutral relation of the valve to the
cylinder ports.

If the comparator 88 is yieldingly pulled downward, a
condition like that of Fig. 3 will be produced in which
inlet port 22 and outlet port 28 are rendered active by
the valve 56. The piston will be displaced in an upward
direction, causing the magnet 84 to approach the com-

. parator magnet 82 and repel it with increasing force, and
‘to separate from the comparator magnet 80 and repel the
-magnet 80 with diminishing force.

Since the net effect of magnet 84 on the comparator
system will be the vector sum of these two forces, an in-
creasing force tending to move the comparator, including
the valve 56, in an upward direction toward the neutral
position is developed.. When this developed force be-
comes sufficient to balarice the control force yieldingly
applied to the comparator 88, as by the coil 86, the valve
is restored. to the normal, nentral relation of the valve
to the ports of sleeve 18§ illustrated in Fig. 1. If the pres-
sure fluid employed is hydraulic fluid, and ‘it preferably

is for most purposes; the piston 36 will be positively

locked in a precise, predetermined position which is char-
acteristic of the control force yieldingly applied to, and
maintained upon, the comparator 88 by the coil 86. With
this kind of arrangement the position of the valve is
stably maintained and this, in turn causes the position:
of the piston 36 to be stably maintained.

Should the downwardly =acting conirol force be in-

creased, the same valve ports, 22 and 28, will be un-
covered and a further action like the one already de-
scribed will be effected to carry the piston further up-
ward and lock it in a new position characteristic of the
increased control force.
- . A diminution of the downward control force applied
to the valve 56, or reversal to an upward force applied
to the valve will cause the valve to be moved upward
to a condition like that shown in Fig. 4. This causes the
inlet port 24 to be at least partially uncovered for admit-
ting pressure fluid to chamber 34 for driving the piston
36 downward, and the discharge port 39 to be simul-
taneously uncovered at least part -way for permitting
escape of finid from the chamber 32, The valve will
again be closed and the piston locked, when the net
force exerted on the comparator magnets is exactly equal
in:absolute value, but opposite in direction, to-the con-
trol force yieldingly applied and maintained by the
coil 86.

In practice it frequently happens that the device 1. is
subjected to sudden. stresses caused, for example,: by
change of speed or direction of the body on which the
device is carried. -Since these stresses are unavoidably
applied to. all parts of the servo mechanism, including the
hydraulic fiuid and the comparator 88, it is important that
measutes be taken to avoid displacement of the valve
through inertia effects. To this end the average- density

of the comparator 88 is made equal or substantially equal - ..

to that of the hydraulic- fluid.  With this arrangement
there will be no tendency for hydraulic fluid to flow be-
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of Figs. 1 to 4. It differs chiefly in the fact that the
chambers at opposite sides of the' piston :differ substan-
tially in their cross-sectional dimensions, that the chamber
of smaller cross-section is constantly and freely in coms-
munication with the pressure fluid supplying means, and.
that the valve controls admission and discharge of fluid -
to and from the chamber of larger cross-section only;
This arrangement is illustrative of the fact that control
of a single cylinder chamber is sufficient to provide ade-
quate and effective servo  operation. The same end can
be achieved in a variety of ways, as by the use of spring
means opposed to the fluid pressure of the lower cham-
ber.

Since the structure of Figs. 5 to 8 may be largely
duplicative of the structure of Figs. 1 to 4, correspond-
ing reference characters have been applied to correspond-
ing parts with the subscript @ added in each instance, and.

-the description and explanation will be substantlally con-

fined to specific differences. :

Instead of the slide rods 38 and the cross bar 40 of ~
Figs. 1to 4, a thick walled output sleeve 3842 and a cap -
member, screwed thereon, are made unitary with the
piston which, in this instance, constitutes in its entirety
a bar magnet' 84a of annular form. A hole 99 is pro-
vided in-cap member 40z to avoid pressure ‘and suction
effects. The sleeve has the effect of reducing the cross-

- sectional area of the upper chamber 34z and the upper
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tween the chambers 72 and 74, and since the chambers

72 and 74 are filled with hydraulic fluid at all-times, the
comparator 88 is comipelled to move in unison with, and
not relative to, the fixed parts of the servo-mechanism
such as the housing 12 and the sleeve 18. . This equality
of densities. may be achieved by employing a hydraulic
fluid of comparatlvely high density and a valve 56 which
consists of magnesium or aluminum or an alloy of one
or both of these metals, hollowed out to whatever extent
may be necessary for achieving the stated purpose.

_In Figs. 5 to 8, inclusive, another practical and ad-
vantageous illustrative form of servo-mechanism 10a em-
bodying features of the invention is disclosed. The device

65
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102 has many features in common with the device 10+ 75

‘ports 84a and 22a.

piston surface 50a very materially as compared with the

cross sectional area of the lower chamber 264 and the .- -

lower piston face 484, desirably to a ratio of substan-
tially 1 to 2.

The: conduit. 524 is a branched conduit, one branch
leading to port 544 and the other being connected to
communicate freely with the chamber 34a at all times.
The end wall 14 is thickened and circumferentially rab:
beted, the reduced end extending below the adjacent inlet
of conduit 524 to prevent cuiting off of the port by the
piston, while maintaining a clear passage between con-
duit 524 and the upper cylinder chamber 34a.

The sleeve 18« is extended at its uppetr end beyond the
housing 124 and within the output sleeve 38z, being
closed at its upper end to provide the pressure équalizing .
chamber 724. The sleeve 184 includes ports 224 and 30a
for admitting pressure fluid to the chamber 264 and dis- -
charging it therefrom, respectively, but no. ports. corre-

. sponding to the ports 24 and 28 of Flgs 1 to 4, are pro-

vided.

The comparator valve 56a includes an intake passage
58a having ports 624 and 644 for cooperating with the
A discharge passage 60a extends
through the comparator 88z from equalizing chamber
72a to equalizing chamber 744, and has a port 70a for
cooperating with discharge port 30a.

The action of the comparator magnets 80z and: 824;
piston magnet 844, and the coil 86a and: their effects upon
the valve 564 are as prev1ously described:.~ The hydraulic
action, however, requires a word of explanation. When
the valve is pulled downward from the posmon of Fig. 5
to a position like that of Fig. 7; pressure fluid is admitted
to the chamber 264. - Since the-force of the flnid pressuré -
against the lower face of piston 84z is greater than that -
against the upper face of ‘the piston, because of- the ‘difs .
ference of areas, the piston 'moves upward, forcing fluid”
in the upper chamber 344, which is under the same pres-
sure, back into the pressure supply conduit 524. - This

action continues until the valve 564 has been restored to . .

the neutral relation of Fig. 5 in the manner already ex- .
plained in connection with Figs. 1 to 4.

Movement of the valve upward from the neutral’ posi--
tion connects the chamber 26a through the port 3¢q with
the outlet passage 6dq, causing the pressure of the fluid
in the chamber 264 to drop sharply. - The pressure fluid
from conduit 524 then flows into chamber 34a, forcing
the piston downward, and driving the pressure fluid out - -
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of chamber 26a until the comparator forces balance the
control force, closing the valve and léaving the piston in
a new position characteristic of the magnitude and direc-
tion of the control force maintained upon the valve.

While certain preferred embodiments of the invention
have been illustrated and described in detail, it is to be
understood that changes may be made therein and the
invention embodied in other structures. It is not, there-
fore, the intention to limit the patent to the specific con-
struction illustrated, but to cover the invention broadly in
whatever form its principles may be 11t1hzed

I claim:

1. A servo mechanism comprising, in combination,
means supplying fluid under pressure, a ported, cham-
bered housing, a fluid actuated piston -in the housing, a
slide valve normally maintained in a neutral relation to
the housing ports but movable relative to the housing
ports to control admission and discharge of fluid to and
.from at least one chamber of the housing, field produc-
ing means, causing fields to be established at opposite
ends of the slide valve, field producing means carried by
the piston and acting to apply a progressively increasing
repelling force to either end of the slide valve toward
which the piston is moved, and control means associated
with the slide valve for yieldingly urging the slide valve
in either of two opposite directions from the neutral rela-
tion, the construction and arrangement being such that
the piston will be fluid operated in the direction opposite
to that in which the valve is displaced to a definite posi-
tion uniquely characteristic of the direction and magni-
tude of the control force applied to the valve, and in
which the valve is restored to the neutral relation through
a counterbalancing of the control force.

2. A servo mechanism comprising, in combination,
means supplying fluid under pressure, a ported cylinder,
a fluid actuated piston in the cylinder, a slide valve nor-
mally maintained in a neutral relation to the cylinder
ports but movable relative to the cylinder to control ad-
mission of fluid from said supplying means to the cylinder
and discharge of fluid from the cylinder, field responsive
means carried by the slide valve at opposite ends thereof,
field producing means carried by the piston and acting to
repel either end of the slide valve toward which the pis-
ton is moved, and control means associated with the slide
valve and operable yieldingly to urge the slide valve in
either of two opposite directions from the neufral rela-
tion, the construction and arrangement being such that
the piston will be fluid operated in the direction opposite
to that in which the valve is displaced to a definite posi-
tion uniquely characteristic of the direction and magni-
tude of the control force applied to the slide valve.

3. A servo mechanism comprising, in combination,
means supplying fluid under pressure, a ported cylinder,
a fluid actuated piston in the cylinder, a slide valve nor-
mally maintained in a neutral relation to the cylinder
ports but movable relative to the cylinder to control ad-
mission and discharge of fluid to and from the cylinder,
magnetic means carried by the slide valve at opposite
ends thereof, magnetic means carried by the. piston and
acting to repel either end of the slide valve toward which
the piston is moved, and electromagnetic means asso-
ciated with the slide valve and energizable yieldingly to
urge the slide valve in either of two opposite directions
from the neutral relation, the construction and arrange-
ment being such that the piston will be fluid operated in
a direction opposite of the valve displacement, to a defi-
nite position uniquely characteristic of the direction and
magnitude of the control force applied to the slide valve.

4, A servo mechanism comprising, in combination,
means supplying hydraulic fluid under pressure, a ported
cylinder, a fluid actuated piston in the cylinder, a slide
valve normally maintained in a neutral relation to the
¢ylinder ports but movable relative to the cylinder to con-
trol admission and discharge of hydraulic fluid to and
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from one chamber, at least, of the cylmder, field pro-
ducing means providing opposite polarities in confronting
relation to the piston at opposite ends of the slide valve,
field producing means carried by the piston and acting to
exert a repelling force upon either end of the slide valve
toward which the piston is moved, and control means
associated with the slide valve for applying yielding force
to urge the slide valve in either of two opposite direc-
tion from the neutral relation, the construction and ar-
rangement being such that the piston will be hydraulical-
ly operated in a direction opposite to that in which the
valve is displaced until the valve is compelled, against
the resistance of said yielding force and while said force
is still maintained, to reassume the normal relation to
the cylinder ports, so that the piston will be caused to as-
sume a definite position uniquely characteristic of the
direction and magnitude of whatever control force may
be applied to the slide valve.

5. A servo mechanism comprising, in combmatlon,
means supplying fluid under pressure, a cylinder, a fixed
ported sleeve extending into the cylinder and throughout
the major portion of the length thereof, a fluid actuated
piston in the cylinder, a slide valve having a snug sliding
fit- within the sleeve and normally maintained in a
neutral relation to the ports, but movable relative to the
sleeve and cylinder to control admission and discharge
of hydraulic fluid to and from the cylinder, field respon-
sive means providing opposite poles in confronting rela-
tion to the piston at opposite ends of the slide valve,
field producing means carried by the piston and acting to
exert a progressively increasing repelling force upon
either end of the slide valve toward which the piston is
moved, and control means associated with the slide valve
for yieldingly urging the slide valve in either of two op-
posite directions from the neutral relation, the construc-
tion and arrangement being such that the piston will be
fluid operated in a direction opposite to that in which the
valve is displaced by the control force until the valve is
compelled, against the resistance of said yielding control
force and while said force is still maintained, to re-
assume the normal relation to the cylinder ports, so
that the piston is caused to assume a definite position
uniquely characteristic of the direction and magnitude
of whatever control force, within the limits of the mech-
anism, may be applied to the slide valve.

6. A servo mechanism as set forth in claim 5 in which
the slide valve has intake and discharge passages therein,
and segregated chambers are provided in which opposite
ends of the slide valve play, the discharge passage of the
valve being extended completely through the valve from
end to end thereof in free communication with both
chambers, whereby suction effects tending to interfere
with the free and intended operation of the valve are
avoided.

7. A servo mechanism as set forth in claim 6 in which
the fluid is hydraulic and the hydraulic fluid and the slide
valve are of equal density, whereby the slide valve is
rendered immune to acceleration effects acting on the
mechanism as a whole.

8. A servo mechanism as set forth in claim 5 wherein
the field responsive and field producing means referred to
consists of permanent magnets carried, respectively, by
the opposite ends of the slide valve and by the piston, the
valve carried magnets having like poles disposed in the
same direction lengthwise of the valve, and the piston
carried magnet having its poles reversely disposed.

9. A servo mechanism as set forth in claim 5 in which
the sleeve and the slide valve extend beyond the cylinder
at one end, and in which the control means comprises a
coil surrounding a protruding portion of the sleeve and
adapted to be variably energized by  current flow of
varied strength in either direction.
~ 10. A servo mechanism as set forth in claim 5 in
which the fluid is hydraulic and sufficient clearance is
provided between the sleeve and the slide valve to cause



a thm film of hydraulic fluid to be. maintained continuous-
Iy between the sleeve and the valve for lubricating pur-
poses.

11. A servo mechanism comprising, in combination,
means supplying hydraulic fluid under pressure, a cylin-
der, a fixed ported sleeve e‘{tendmg into the cylinder and
throughout the major portion of the length thereof, a
flnid actuated piston dividing the cylinder into two op-
posed working chambers, a slide valve having intake and
discharge passages therein, and having .a snug sliding fit
within the slesve and normally maintained in a neutral
relation to the ports, but movable relative to the sleeve
and cylmder selectively to effect admission of hydraulic
fluid to. either chamber and simultaneous discharge there-
of from the other, field responsive means providing op-
pos1te poles in confronting relation to the piston at op-
posite ends of the slide valve, field producmg means
carried by the piston and acting to exert a progressively
increasing repelling force upon either ‘end of the slide
valve toward which the piston is moved, and control
means associated with the slide valve for yieldingly
urging the slide valve in either of two opposite. directions
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in said radial space in response to fluid pressure ‘acting
thereon, a slide valve movable longitudinally in said
sleeve, said slide valve having passages adapted respec-
tively to admit and exhaust fluid under pressure; fluid
ports in said sleeve communicable with the respective
valve passages to admit and exhaust fluid under pressure
to and from said radial space, field responsive means on
said valve and field producing means on the piston co-

".operating normally to cause said valve to ¢lose the fluid
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from the neutral relation, the construction and arrange- -

ment being. such that the piston will be hydraulically
operated in a direction opposite to that-in which the
valve is displaced by, the control force until the valve is
compelled, against the resistance of said yielding con-
trol force and while said force is still maintained, to re-
assume the normal relation to the cylinder” ports, so
that the piston will be caused to assume a definite p031-
tion uniquely ‘characteristic of the direction and magni-
tude of whatever control force within the limits of the
mechanism, may be applied to the slide valve.

25

30

12. A servo .mechanism comprising, in combination,

means supplying fluid under pressure, a cylinder; a fixed

ported sleeve -extending into the cylinder and throughout
the major portion of the length thereof, a fluid actuated
piston dividing the cylinder into opposed working cham-
bers, output means of substantial cross-section connected
to the piston and extending through an end of the cylin-
der, said ontput means having the effect of cutting down

the working area of the piston in said chamber by. a:

substantial ‘amount. as cornpared with the working area
of the piston in the other chamber, said supplying means
being directly and freely connected at all times with said
one chamber, a slide valve having a snug sliding fit within
the sleeve and normally maintained in a neutral relation
to the ports, but movable relative to the sleeve and cylin-
der to control admission and discharge of fluid to and
from said other chamber, field responsive means provid-
ing opposite poles in confrontmg relation to the piston
at opposite ends of the slide valve, field producing means
carried by the piston and acting to exert a progressively
increasing repelling force upon either end of the slide
valve toward which the piston is moved, and control
means associated with thé slide valve for yleldmgly urg-
ing the slide valve in either of two opposite directions
from the neutral relation, the construction and arrange-
ment being such that the piston will be fluid operated.in
a direction opposite to that in which the valve is dis-
placed by the control force until the valve is‘compelled,
against the resistance of said yielding control force and
while said force is still maintained, to reassume the
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normal relation to the cylinder ports, so that the piston .

will be caused to assume a definite position uniquely

characteristic of the direction and magnitude of whatever .

control force, within the limits of the mechanism, may
be applied to the slide valve. -

13. A servo mechanism as set forth in claim 12 in
which the working area of the piston in said one chamber
is substantially one-half the working area of the piston
in said other chamber.

14, A hydraulic servo mechanism comprising, in com-
bination, an outer housing, a hollow sleeve in said housing
radially spaced therefrom, a piston longitudinally movable
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communication between said valve and sleeve, and yield-
able control means associated with said valve for yield-
ingly moving the valve in either of two opposite directions
from the normal, communication closing position, the
construction and arrangement being such that the piston
will be hydraulically operated in the direction opposite
to that in which the valve is displaced, to a definite stable
position uniquely characteristic of the direction and mag=
nitude of the control force applied to the slide valve. -

15. ‘A hydraulic servo device comprising a source of
fluid under pressure, inner and outer longitudinally ex-
tending radlally spaced members, a piston operable longi-
tudinally in said radial space in response to the fluid pres-
sure acting thereon; valve means movable .in said inner
member to communicate fluid pressure to said piston, said
piston including field producing means, a comparator in--
cluding the valve as-a unitary part thereof and providing -
longltudmally spaced fields at opposite sides of the piston
and in constant cooperation with said piston field pro-
ducing means, and yieldable control means opérable to
yieldingly displace said comparator in either of two
opp051te directions from the normal communication clos-
ing position, the construction and arrangément being such
that the piston will be hydrauhcally operated in the direc=
ticn opposite. to that in which the valve is displaced, to
a definite stable position uniquely characteristic of ‘the
direction and magnitude of the control force applied tov :
the comparator,

16. A fluid operated servo mechanism comprising, in
combination, means providing a supply of pressure fluid,
a housmg chamber, ad output piston movable in said
chamber in response to fluid pressure acting thereon, a
valve. movable  to control communication between said
housing chamber and said fluid supply means, force field
producmg means on said piston, comparator force field
responsive means on said valve, said piston and valve
force field producmg and responsive means coacting with
progressively increasing force as the piston approaches
either end of the valve to move said valve to close said
communication, and control means yieldingly operable

to move the valve away from closing position over the

opposition of the piston carried force field producing
means and to maintain the valve open until, . through
movement of the piston, the valve closing effect of the
piston carried force field producing means upon the com-
parator means is sufficiently increased to offset the yield- -
ing force exerted by the control means upon the com-
parator means.

17. A fluid operated servo mechamsm conpnsmg, in
combination, an output piston controllably movable. in
either of two opposite directions in response to fluid pres- .
sure acting thereon,”a housing in which the piston op-
erates, supply means for fluid under pressure, valve means.
between said housing and said pressure fluid supply means
operable to vary the communication therebetween and
to control the direction of application of the fluid pressure
on said piston, said piston having magnetic means, a com-
parator including the valve means and magnetic means
predeterminately spaced on said valve means at opposite
sides of the piston and cooperable with ‘said piston mag-
netic means normally to move said valve to close said
communication, and electromagnetlc control means op-
erable on said valve, and variably energizable to“cause
selective movement of said valve, the construction and
arrangement being such that the piston is caused: to
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assume a position uniquely characteristic of the energiza-
tion of the control means.

18. A hydraulic servo device comprising, in combina-
tion, a housing having a longitudinally extending work-
ing space therein, a piston movable in said space and
dividing said space into two chambers, a pressure fluid
supply means, valve means movable in one direction to
admit pressure fluid from said supply means to one of
said chambers, and in the opposite direction to discharge
fluid from the same chamber, a cecmparator including the
valve means and magnetic means on said valve means,
said piston including magnetic means coacting with said
comparator to bias said valve means toward closed posi-
tion, yielding control means operable to shift the valve in
one direction to admit pressure fluid to said one chamber
and to shift the valve in the opposite direction to discharge
fluid from said one chamber, the arrangement being such
that the comparator means acts progressively to balance
the force of the piston magnetic means against the con-
trol force and close the valve in response to piston move-
ment, and means acting on the piston continuously to
exert yielding force on the piston in the direction opposite
that in which the piston is moved by the admission of
pressure fluid to said one chamber.

19. A servo mechanism comprising, in combination,
an output member possessing field producing means, a
control member also possessing field producing means,
the field producing means of the output member and of
the control member being arranged to interact with one
another, means for applying small displacing forces yield-
ingly in either of two opposite directions to the control
member, and an external source of energy for applying
operating power to the output member in response to dis-
placement of the control member from a neutral posi-
tion by said displacing force applying means, the con-
struction and arrangement being such that with no dis-
placing force applied to the control member the output
member will be maintained in a normal or neutral posi-
tion with the control member balanced by the field pro-
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ducing means in a neutral position, but that when the 40

control member is displaced in either direction from
neutral by the displacing force applying means, the out-
put member will be operated powerfully in the direction

12

opposite to that in which the control member is displaced
until the output member has been moved to a position
characteristic of the magnitude and direction of the com-
paratively small displacing force applied to the control
member, in which position the field producing means will
have supplied a net feed-back force to the control mem-
ber through the field producing means of the output mem-
ber and the control member sufficient to counterbalance
the applied displacing force, thereby to return the control
member to its neutral position and arrest the output
member.

20. A servo mechanism comprising, in combination,
an output member possessing field producing means, a
control member also possessing field producing means,
the field producing means of the output member and of
the control member being arranged to interact with one
another, means for applying small displacing forces
yieldingly to the control member, and an external source
of energy for applying power to the output member in
response to displacement of the control member by said
displacing force applying means, the construction and
arrangement being such that with no. displacing force
applied to the control member by the displacing force
applying means the output member will be maintained
in a normal position and the control member held in a
normal condition, but that when the control member is
displaced from its mormal condition to an operating
condition by the displacing force applying means, the
output member will be operated powerfully in the op-
posite direction until the output member has been moved
to a position characteristic of the magnitude of the com-
paratively small displacing force applied to the control
member, in which position the field producing means will
have supplied a net feed-back force to the control mem-
ber sufficient to drive the control member against the re-
sistance of the displacing force to a neutral position.
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