Feb. 20, 1962

L. L. CHARLSON

CONTROLLER FOR FLUID PRESSURE OPERATED DEVICES
4 Sheets-Sheet 1

Original Filed Nov. 25, 1958

F'JG. 2

2—

40~
34
yd

N Bk (= B A 5=
Zf 4‘2¢ p o 7Z
= 252 G | YA B3k AT
o ﬂgj é%i C;() N ! ’W+9 kg_ =
i R
/ A
4 7 N

/
2 23 24
44630 20 59 J4—58,'7/,/&Z57 1) /170/67 )

Re. 25,126

25

4730 ¢63/

o VT ez eI 71370
3_254_ 72 7/ 6 7137

INVENTOR.
L rnn L. ChaRLSON

BY
T o L T

AT TORNEYS _



Re. 25,126

L. L. CHARLSON
CONTROLLER FOR FLUID PRESSURE OPERATED DEVICES

Feb. 20, 1962

4 Sheets-~Sheet 2

Original Filed Nov. 25, 1958

(579 €9 T4 1% 6509 ZE 0999

liow .101 A —
AS PN
197 oo} . _ e
oo _ @u$.1|_|\|-
29 L9 1V 6 OF
9 0Ly =~ =
X
89| _
< [[Hl8.
§ I
69
£ =
5z N 0=
574 wr ek
L ==
#E N\ A/ fa 4
57 ~ 3 2
LY

+Z

87 4 1
—] £ " ]
L% 96

L1 6
o

or

0
£ ¢ S 95 € ] o M W
e ———— e 8% e 2 2
— oo e B )
\Mﬂvu \Wﬁ owml. (@ T ) NHJ“. JMN Z Mw W
| e 90 Lop Do — 3 (-
S— 4 4
. 6% 15 95 ek s 2
11 2 £ o8 -
T e L ¥ . N
\ﬂ \.F 5oL Ny
! o8 b
_Mml__ 8L 164 s
1%
(%2 ﬁ HEN) -
A €
0 — —
ﬁ 23 o EE Y 5 | | il
X0 of: 11MHHMWW\\\ — =
W < *? ¢5
ar AKlew
%\%% z
/2 /€. \\/ﬂ//ﬁ///\\\ _ 5
Ve [else 0z N”///,.\m\ 5 “\% 4o
K 0g .~ b “\/\\\\ I \\%
€ 37 NZl7
e oL P oLs S




Feb. 20, 1962 ' L.L.CHARLSON Re. 25,126
' CONTROLLER FOR FLUID PRESSURE QOPERATED DEVICES
Original Filed Nov. 25, 1958 4 Sheets-Sheet 3

)
|
\

,
7 »\&/”V Y SNT

]

|

Y
% -

TN
1B )
7

o

N

=]
NZ

| | \ Jf

/0 ((l"llm }‘lli\l\ /0 //
2 7/ 7/5/ 2’ b{{////%g/////{//
°/§‘\\\_///'//% é’}‘\f///_////‘\.,”g//%

Saswys 7

a / ,'/' ";‘ o4

=1 N il ¢
St ' )

INVENTOR.
Lynn L. CHARLSON

. By

= A= A

. AT TORNEYS

57 ‘//u-nf///
7

A\
WN

j ::aaﬁi.a.-\z\\%x\\\
Ko



Feb. 20, 1962 L. L. CHARLSON Re. 25,126
CONTROLLER FOR FLUID PRESSURE OPERATED DEVICES

Original Filed Nov. 25, 1858 4 Sheets~Sheet 4

Fre. 17 Fre. 212

-/ azedw

7

/o

54
33356
33 |54 — 45

ety
£548
3 56

35

7
e

am> %
° % W/ NoNN~as e

T ‘ 26 é"‘

[
26

INVENTOR.

LZynnv L.CrHARLSON
BY

AT TORNEYS



United States Patent Of

\ Re. 25,126
Reissued Feb. 20, 1962

ace

1
: 25,126
CONTROLLER FOR FLUID PRESSURE OPERATED.
DEVICES

Lyon L, Charlson, Minneapolis, Minn;, assignor fo Ger-
mane Corporation, Minneapolis, Minn., a corporation
of Minnesota

Original No. 2,984,215, dated May 16, 1961, Ser. No.
776,281, Nov. 25, 1938. Application for reissue Aug.
28, 1961, Ser. No. 136,388 i

16 Claims. (Cl. 121—41)

Matter enclosed in heavy brackets ['] appears in the
original patent but forms no part of this reissne specifi-
cation; matter printed in italics indicates the additions
made by reissue.

My invention relates generally to control apparatus for
fluid pressure operated devices and more particularly to
fluid valve structures for controlling actuation of devices
which are operated by fluid under pressure,

An important object of my invention is. the provision
of a novel valve structure including a movable. valve ele-
ment whereby. the amount of movement of a movable
fluid pressure operated member in a given direction is

dependent on the amount of movement of said movable -

valve element in a given direction.

Another object of my invention is the provision of a
control valve having novel follow-up mechanism which
is responsive only to flow of a given quantity of fluid
through said control valve to close the valve, thus elimi-
nating the necessity for mechanical. linkage between the
valve and the fluid. pressure operated device controlled
thereby. To this end I provide a valve having a primary
valve element under control of an operator, a movable
follow-up valve element, and a servomotor connected to
the follow-up element, the valye structure having passage
means whereby all of the fluid under pressure flowing
between a source and said fluid-pressure operated device,
through said valve, is conducted through said servomotor
to operate the same to move the follow-up element in a
direction to stop the fluid flow to said device.

Another important object of my invention is the provi-
sion of a novel control apparatus as set forth, having
novel means whereby the servemotor can be .operated
by the operator, in the absence of failure of said source
to provide fluid under pressure, so that the servomotor
operates as a pump to deliver the desired quiantity of fluid
under pressure to said fluid-pressure operated device.

Still another object of my invention is the provision
of control apparatus. of the above type which can be
easily installed in fluid pressure systems involying differ-
ent types of fluid-pressure operated devices. to control
operation thereof in opposite directions, and being located
at remote points from said devices, if desired. .

The above, and still further highly important objects
and advantages of my invention will become apparent
from the following detailed specification, appended claims,
and. attached drawings. ' - ‘

Referring to the drawings, which illustrate the inven-
tion, and in which like reference characters indicate like
parts throughout the several views:

" FIG. 1 is a diagram showing my novel controller as
used in the power steering system -of a vehigle.

FIG. 2 is an enlarged view partly in elevation and
partly in axial section taken substantially on the line
22 of FIG. 1, some parts being broken away;

FIG. 3 is an axial section taken substantially on the
line 3—3 of FIG. 2;

FIG. 4 is a transverse section taken substantially on
the line 4—4 of FIG. 3, some parts being broken away;

FIG. 5 is a fragmentary view in side elevation of one
of the valve elements of my invention;

'FIG. 6 is a view in side elevation of the follow-up
valve element of my invention; and
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FIGS. 7-14 are.views. in transverse section ‘taken re-
spectively on the lines 7—7, 8—8, 9—9, 1010, 11—11,
12—12, 1313, and 14—14 of FIG. 3. :

In the preferred embodiment of the invention illus-
trated, my novel controller is indicated in its entirety by
the pumeral I, and, for the purpose of the present
example, is illustrated in FIG. 1 as used in the power
steering mechanism for a vehicle. The. controller 1 in-
volves a casing or body structure 2 having an inlet 3 to
which is connected a conduit 4 through which fluid under
pressure is introduced to- the controller 1 from a suitable
source, such as a pump 5 that is connected to a reservoir
or tank 6 by a conduit 7. The casing 2 is further pro-
vided with ‘an outlet 8 for return of fluid to the tank
or reservoir 6 through a conduit 9 snitably connected to
the outlet 8. The casing 2 is further provided with a
pair of ports 10 and 11 to which respective -conduits 12
and 13 are connected, these conduits leading -to.oppesite
ends of a fluid pressure cylinder 14 having mounted for
axial reciprocatory moyement therein a_piston-equipped
plunger rod 15. Said plunger rod 15 is connected to the
steering linkage 16.of the vehicle, not shown, by means
of the usual bell crank 17 and rigid link 18. ‘The steering
linkage .16.is connected to the steerable wheels 19 in the
usual manner. :

The casing or body structure 2 comprises a tubular
casing section 20 which defines the. inlet and outlet 3
and 8 respectively and the ports 10 and 11, a mounting
fiange 21 that is rigidly secured to one end of the tubular
section 20 by machine screws .or the like 22, see FIG. 14,
a bearing plate 23, an internally toothed member 24, and
anend cap 25.. With further reference to FIG. 14, it will
be seen that the mounting flange. 21 is provided with
circumferentially spaced apertures 26 for the reception

of mounting bolts or the like 27, by means of which the
controller 1 may be mounted on a suitable wall or-mount-
ing bracket 28 of the vehicle, as shown, see FIG. 1. With
reference .to. FIG. 3 it will be seen that the bearing plate
23, internally toothed member 24, and end cap 25 are
rigidly secured in end to end relationship to the opposite
end of the tubular housing section 20 by means of ma-
chine screws 29.

| The tubular housing or casing section 20 has an in-
ternal cylindrical wall 30 which, together with the mount-
ing flange 21 and amnular bearing plate 23, defines a
cylindrical chamber for the reception of .concentric pri-
mary .and. follow-up valve elements. 31 and 32 respec-
tively.. The follow-up. valve element 32 is in the na-
ture of .a tubular sleeve which closely engages the inner
cylindrical wall 30 for rotary movement ‘with respect
to. the casing section 20 and concentric therewith, the
opposite ends .of the follow-up valve element 32 hav-
ing substantially abutting engagement with an inner sur-
face portion of the mounting flange 21 and with the
bearing. plate. 23. The primary -valve element 31 is cy-
lindrical in form and hollow for the greater part .of its
length whereby to define an axial recess or passage- 33
which. extends inwardly. from the end: thereof - adjacent
the bearing plate 23, the valye element 31 being nestingly
received within the follow-up valve element 32 and
concentric therewith. One end of the primary. valve
element 31 is in substantially abutting. relationship with
the ‘bearing plate 23, the opposite. end .of ‘the. valve ele-
ment 31 having .abuiting engagement with a thrust bear-
ing 34 mounted in the mounting flange 21. The.inner
end of the axial recess 33.is defined by the inner end of
a control shaft 35 which extends axially outwardly from
the adjacent end of the primary valve element 31, and
which is journalled in the mounting flange 21, the outer
end portion of the control shaft 35 ‘being.splined or other-
wise arranged as indicated at 36, for reception thereon
of a suitable control element such as a steering wheel



or the like 37 that is held in place by a nut 38 threaded
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on the screw threaded end 39 of the shaft 35. - With - -

reference to FIGS. 2 and 3, .it will be seen that an O-ring
40 is contained in a suitable annular groove in the mount-
ing flange 21 and encircles the ‘shaft 35 adjacent the
thrust bearing 34 to prevent leakage of fluid from within
the housing or body structure 2 adjacent the shaft 35.
A second O-ring 41 is mounted in the mounting- flange
21 and provides a seal between the mounting flange 21
and the tubular body section 20. -~ -

The primary valve element 31 is coupled to the follow-
up valve element 32 for limited rotary movement in
opposite directions with respect to  the follow-up valve
element 32, and for common rotary movement with the
follow-up valve element 32. Means for thus coupling
the valve elements together comprises a transverse drive
pin 42 which extends radially through a pair of diametri-
cally opposed circumferentially ‘extended. slots 43 in the
primary valve element 31, see particularly FIG. 4, the
opposite-ends of the drive pin 42 being snugly received
in diametrically opposed apertures 44 in the follow-up
valve element 32. When the primatry valve element 31
is rotated in either direction from its neutral position
shown in FIG. 4, the drive pin 42 becomes engaged by
the opposite ends of the opposed slots 43, after which
the continued rotary movement of the primary valve ele-
ment 31 will cause similar rotary movement to be im-
parted to the follow-up valve element 32. For the pur-
pose of yieldingly urging the valve elements 31 and 32
toward a neutral relationship wherein the drive pin 42
is centered in the slots 43, I provide a plurality of resilient
leaf springs 45 which extend radially through aligned
diametrically opposed notches 46 and 47 in the primary
and follow-up valve elements 31 and 32 respectively, and
through a groove or channel 48 in the inner end of the
control shaft 35 and aligned with the notches 46 and
47. Preferably, the primary valve element 31 and con-
trol shaft 35 are fabricated separately, the inner grooved
end of the shaft 35 being welded or otherwise rigidly
secured within the adjacent end porfion of the tubular
section of the valve element 31.

The primary valve element 31 is formed to provide, in
axially inwardly spaced relation to its opposite ends, a
pair of radially outwardly opening circumferential chan-
nels 49 and 50, one side of the former defining axially
inwardly extending radially outwardly opening recesses
51 in circumferentially spaced relationship. The chan-
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spaced radially outwardly opening circumferential chan-
nels 57, 58, 59-and 60, see particularly FIG. 6. The sev-
eral channels 57-60 are disposed in registration with re-
spective ones of the openings'in the tubular casing 20, the
channel 57 being in registration with the inlet 3, the chan-
nel 58 with the delivery port 10, the channel 59 with the )
delivery port 11, and the channel 60 with the outlet 8.
A pair of axially spaced circumferentially extended rows
of apertures or passages 61 extend radially inwardly of
the channel 57 to the interior of the follow-up valve ele-
ment 32, each of the apertures 61 being in register with a
different one of the apertures 53 in the primary valve ele-
ment 31 when the primary valve element 31 is in its neu-
tral position relative to the follow-up valve element 32,
wherein the drive pin 42 is centered in the slots 43. Also
extending radially inwardly from the bottom of the chan-
nel 57 is a plurality of circumferentially spaced openings

. Or passages 62 that are in constant communication with

20

25

the channel 49 of the primary valve element 31, whereby
fluid under pressure is supplied by the pump 5 to the chan-
nel 49 and recesses 51 at all times and irrespective of the
relative positions of the valve elements 31 and 32. A
plurality-of circumferentially spaced radial passages 63
extend inwardly from the outer surfacé of the follow-up
valve element 32 intermediate the channels 57 and 58
thereof, there being a like number of radial passages 63

- as that of recesses 51 and axial grooves 54 combined. As

. shown best in FIG. 10, the row of radial passages 63 over-
~ lies the recesses 51 and adjacent end portions of the

30

35

grooves 54.

The follow-up valve element 32 is formed to provide
a plurality of slot-like passages 64 which extend radially
inwardly from the channel 58 and which are disposed to
register selectively with the openings 55 and grooves 54
of the primary valve element 31 upon relative rotation
between the valve elements 31 and 32. The slot-like
passages 64 are equal in number to one-half of the radial

. Ppassages 63, the passages 64 being aligned with alternate
~ones of the radial passages 63 axially of the valve element
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nel 50 communicates with the recess or passage 33 by -

means of a plurality of circumferentially spaced radial
Passages or openings 52. At its end portion adjacent the
channel 49, the valve element 31 defines a pair of axially
spaced circumferentially extending rows of radial aper-
tures or passages 53 which extend inwardly from the outer
surface of the primary valve element 31 and communi-
cate with the interior recess or passage 33 thereof. Inter-
mediate the channels 49 and 50, the outer surface of the
primary valve element 31 is formed to provide a plurality
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of  circumferentially spaced radially outwardly opening . -

passages in the nature of grooves 54 which extend axially
of the primary valve element 31, the grooves 54 terminate
at one end between adjacent recesses 51 and jn circum-
ferentially spaced relation thereto, and at their other end
terminating in axially spaced relation to the channel 50.
Intermediate the grooves 54, the valve element 31 is pro-
vided with pairs of radial openings 55 and 56 which com-
municate with the passage or recess 33, the radial open:
ings 55 being located in closely spaced relation to adjacent
recesses 51, and the openings 56 being disposed adjacent
the opposite ends of the grooves 54, see particularly FIG.
5. It will be noted that axially aligned pairs of the open-
ings 55 and 56 are also disposed in axial alignment with
a different one of the recesses 51, for a purpose which will
hereinafter become apparent. - ' '
 The outer cylindrical surface of

the follow-up valve
element 32

is formed to provide a plurality of axially
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32, as best shown in FIG. 6. Similar sloi-like passages
65 extend radially inwardly from the bottom of the chan-
nel 59 in circumferentially staggered relationship to the
passages 64, the passages 65 being aligned with alternate
ones of the radial passages 63 axially of the follow-up
valve element 32. The slot-like passages 65 are adapted
to register selectively with the openings 56 and the adja-
cent end portions of the grooves 54, in the primary valve
element 31, upon relative rotation between the valve ele-
ments 31 and 32.- The channel 60 of the follow-up valve
element 32 is disposed in overlying relationship to the
channel 50 of the primary valve element 31, and commu-
nication is had between the channels 60 and 50 by a plu-
rality of circumferentially spaced radial passages 66 ex-
tending inwardly from the bottom of the channel 60.
With' this arrangement, when the valve elements [327] 31
and 32 are in their relative neutra] positions, with the aper-
tures 61 and 53 in registration, fluid entering through the
inlet 3 flows inwardly through the aligned passages 61 and
53 to the recess or passage 33, and from thence outwardly
through the passages 52, channel 50, passage 66 and chan-
nel 60 to the outlet 8, and from thence to the reservoir
6 through the conduit 9. It will be noted that the recess
or passage 33 is in constant communication with the out-
let 8 through the channels 56 and 60 and their respec-
tive passages 52 and 66. i

The internally toothed member 24 comprises the stator
of a fluid pressure operated servomotor which also in-
cludes an externally toothed member 67 having a less
number of teeth 68 than that of the teeth 69 defined by
the stator or internally toothed member 24, said member
67 being adapted to rotate on its own axis and partake of
orbital movement about the axis of the member 24, The
members 24 and 67 are so arranged that the teeth 68 and
69 thereof respectively move into and out of inter-
meshing engagement and define expanding and contract-
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ing fluid chamber 70, see FIG. 7, during said ‘rotary and

orbital movement of the member 67. The construction:

of the members 24 and' 67 is similar to that shown and
described in my prior U.S. Letters Patent 2,821,171, and
the operation thereof is fully disclosed in said prior Let-
ters Patent. By introducing fluid under pressure to some
of the chambers 70 and permitting fluid to escape from
others thereof, the externally teothed member. or rotor 67
partakes of an orbital movement about the axis of the
internally toothed member 24. Inasmuch as there are
seven stator teeth 69 and six rotor teeth 68, the externally
toothed memiber or rotor will rotate once on its own axis
during six cycles of orbital movement thereof -about the
axis of the internally toothed member or stator 24.

The. casing structure 2 is provided with a plurality of
circumferentially spaced axially extending fluid passages
71 that extend through the bearing plate 23 one each into
a different one of the chambers 70 between the root por-
tions of adjacent internal teeth 6%, At their inner ends,
the flvid passages 71 extend radially inwardly through the
inner cylindrical wall 30 of the tubular casing section 20
radially outwardly of the row of radial passages 63.

The externally toothed member or rotor 67 is opera-
tively coupled to the follow-up valve element 32 by
means of an angularly disposed drive shaft 72 ‘which
at its outer end is provided- with a splined head 73 that is
mounted in a central splined opening 74 in the rotor-67.
With reference to FIGS. 2 and 3, it will be-seen that the.
splined head 73 is rounded to permit angular movements
of ‘the shaft 72 relative to the externally toothed rotor
member 67. At its opposite end, the drive shaft 72 is
bifurcated, as indicated at 75, to receive the central por-
tion of the drive pin 42, whereby rotation of the external-
ly toothed member or rotor 67 is imparted to the follow-
up valve element 32. Axial movement of the drive shaft
72 is limited in one direction' by -engagement -of the
splined head 73 with the annular bearing plate 23, and-in
the other direction by engagement of the outer end ‘of the
splined head 73 with a stop plug or-the like 76 contained
in the splined opening 74 of the externally toothed mem-
ber 67 between the head 73 and the end cap.25.

For a purpose hereinafter to be described,; T provide a
fluid passage 77 in the tubular casing section 20; said pas-
sage 77 communicating at its opposite ends with the inlet
3-and the outlet 8, see FIG. 3. At its intermediate por-
tion, the passage 77 is enlarged to receive .a-coil compres-
sion spring 78 which exerts vielding bias:against a ball
check ‘valve 79 toward seating engagement with -an :an-
nular valve seat 80 that is screw threaded ‘into a further
enlarged threaded portion of the passage.77 adjacent the
outlet 8. This arrangement -provides for flow of fluid
from the outlet 8 to the inlet 3 when fluid pressure fs
greater in the outlet 8 than in the inlet 3.

As. hereinbefore stated, ‘when the primary valve ele-
ment 31 is in its neutral position relative to-the follow-up
valve element: 32, fluid under pressure from-the pump: 5
flows through the conduit 4, inlet 3, channel 57, radially
inwardly through the aligned apertures 61-and 53, through
the recess 33, channel "50, outwardly through the epen-
ings or passages 52.and passages 66, and channel 60 to:the:
outlet 8, and from thence to the reservoir 6 through the
condnit 9; In_this meutral position of the valve element
31, it'will be noted that both:the grooves 54.andthe.-open-
ings or passages :55 and 56 are -out.of registration with
the slot-like passages 64 and 65.so that:there.isno flowef
fluid -either to or from the cylinder 14, thus-providing a
fluid-lock for the piston-equipped plunger :15. As soon
as the-control or steering wheel 37 ‘is rotated ‘in-one-di-
rection such as, for instance, a clockwise direction with re-
spect to FIGS. 4 and 7-14, the apertures 53-will be-moved
out. of registration with their corresponding apertures- 61
and the groove 54 will be moved into registration with
corresponding pairs of the slot-like passages 65, while
the pairs.of openings 55 will move into registration with
the slot-like passages 64. Fluid under pressure will then

6

flow: inwardly ‘through the radial openings-or passages 62
into the channel 49 and recesses 51 and outwardly from
thence through passages 63 in registry ‘with the recesses
51, through the fluid passages 71 which are in register with
said registering passages 63 to certain ones of the cham-
bers 70, such as the chambers. indicated at A and B in

FIG. 7, to impart orbital movement to the externally

toothed member 67, in a counterclockwise direction with

- respect to FIG. 7. This orbital movement causes con-
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traction of others of the chambers 70, such as the cham-
bers indicated at E and F in FIG. 7, fluid moving outward-
ly from thence to others of the passages 71 and radially
inwardly through the radial passages 63 in register there-
with and with the grooves 54. With the externally
toothed member 67 positioned as in FIG. 7, the passages
71 leading from the chambers indicated at C, D and G are
out of register with their cooperating radial passages 63.
As the follow up valve element 32 rotates in common
with the. externaily toothed member 67, the chambers
D and C will become successively contracting chambers
operatively connected to-the grooves 54, while the cham-
bers G and F become successively expanding chambers
operatively connected to the recesses S1. The grooves 54
being in register with the slot-like passages 65, fluid from
the contracting chambers 76 flows to the grooves 54 as
immediately above deseribed, outwardly through the pas-
sages 65, through the channel §9 in register with the port
11, through the port 11-and cenduit 13 to one end-of the
cylinder 14 to impart movement to the piston equipped
plunger rod 15 in a direction from the left to the right
with respect to FIG. 1. This movement of the plunger
rod 15 causes fluid to flow from the opposite end of the
cylinder 14 through the conduit 12 to the port 10, in-
wardiy through the slotlike passages 64 and openings 55
in register therewith to the recess or passage 33, and from
thence .outwardly. through the epenings 52 and 66 to the
outlet 8 to be discharged through the conduit 9 inte the
reservoir 6.

Tt will be appreciated that; during the counterclockwise
orbital movement of the externally toothed member 67,
the same is rotating in a.clockwise direction similar to the
initial direction of movement of the primary valve ele-
ment 31 to rotate the follow-up. valve element 32 toward
a neutral position with respect to the primary valve. ele-
ment, 31, the amount of common rotation of the follow-up
externally toothed member: 67 and the valve element 32
being only ome-sixth of a complete. revolution for each
cycle of orbital movement of the externally toothed mem-
ber 67. It will be further appreciated that the follow-up
valve element 32 operates in the nature of a.commutator
to position given ones of the radial passages 63 with given
recesses 51, grooves 54 and the passages 71 to direct the
fluid in «a manner to-cause continued -orbital movement
of the externally toothed member-67 until-rotation of the
same has moved -the: follow-up: valve clement 32 into- its
neutral position with respect to the primary valve element
31, Obviously; the primary valve element 31 may con-
tinue to 'be..manually retated: by means of the steering
wheel 37 as far as desired, the servomeotor comprising the
toothed members 24 and 67 continuing to'operate until
neutrality is obtained between the primary-valve element
31 and follow-up-valve.element 32..

Rotary. snovement: imparted 1o -the primary. valve -ele~
ment 31 in.a -counterclockwise direction: with- respect to
FIGS. 4 and 7-14.causes. the longitudinal grooves S4-t0
come nto register with the slot-like. passages 64 and. the
openings 56 to be registered with the slot-like passages.65.
Fluid under pressure -is then delivered from the .servo-
motor. to the. port. 30 and from thence to said opposite
end. of the cylinder 14 through the conduit 12, return
fluid being directed from: said ope.end of the cylinder
14 through the conduit 13 to the port 11, through the
aligned -openings 65.and 56 to the secess. or, passage 33,
and from thence to the reservoir 6 through. the outlet 8
and conduit 9.  Thus it will be. seen-that rotation of the
control wheel 37 causes the steerable wheels 19 to be
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swung in one direction, while rotation of the control wheel
37 in the opposite direction causes the steerable wheels 19
to partake -of steering movements accordingly.

The yielding bias exerted by the leaf springs 45 against
rotary movement of the primary valve element 31 with
respect to the follow-up valve element 32, is such that a
nominal amount of steering effort by the operator is re-
quired to rotate the wheel 37 in either direction from
the neutral position above described. Due to the yielding
bias of the leaf springs 45, release of the control wheel
37 by the operator will cause the primary valve element 31
to be immediately returned to its neutral position by the
springs 45 to shut off flow of fluid to either end of the
fluid pressure operated device or cylinder 14,

In view of the fact that all fluid delivered to either end
of the cylinder 14 passes through the servomotor, the
servomotor may be used as a pump, operated by manu-
ally rotating the control wheel 37 in either direction, to
deliver fluid under pressure to a selected end of the
cylinder 14, upon failure of the pump 5 to deliver fluid
under pressure to the inlet 3. In the event of such pump
failure, initial manual rotation of the control wheel 37
will cause the primary valve element 31 to be rotated
until opposite given ends of the slots 43 engage the drive
pin 42 at which point the longitudinal grooves 54 are in
registration with the desired slot-like passages 64 or 65
in the follow-up valve element 32. Further rotation of
the control wheel 37 will cause the drive shaft 72 to
rotate the externally toothed member 67 about its own
axis whereby to partake of orbital movements within the
internally toothed member 24 and about the axis of said
internally toothed member 24, Thus, fluid is directed
under pressure to the desired end of the cylinder 14 and
the finid returning from the opposite end thereof to the
valve structure will set up a pressure in the outlet 8 greater
than that within the inlet 3 to cause movement of said ball
check valve 79 to an open position against yielding bias
of the spring 78, to supply the inlet with fluid to be drawn
into the servomotor now acting as a pump. Obviously,
the effort required to rotate the control wheel 37 upon
such failure of the pump 5, is appreciably greater than
that required when the pump 5 is in operation. How-
ever, the above described _arrangement  eliminates the
necessity for any mechanical linkage between the control
wheel 37 and the steering apparatus and permits my novel
controller to be situated at any desired point on a
vehicle or any other machine requiring its use. :

While I have shown my novel controller as being
utilized in the power steering equipment of a vehicle, it
will be appreciated that the same may be advantageously
used to control fluid pressure operated apparatus in
various machines wherein movement of movable devices
utilizing fluid pressure operated motors requires control
of the extent of movement of the movable devices,

While I have shown and described a commercial em-~
bodiment of my novel control apparatus, it will be under-
stood that the same is capable of modification without
departure from the spirit and the scope of the invention,
as defined in the c¢laims. . . :

What I claim is: o

1. A controller for fluid pressure operated devices,
said controller comprising; valve structure including a
primary movable valve element and a cooperating mov-
able follow-up valve element; means for connecting said
primary valve element to a control element for common
movement therewith; means coupling said primary valve
element to said follow-up valve element for limited
movements independently of said follow-up valve ele-
ment and for common movements therewith; and a fluid
servomotor including a movable member coupled to
said follow-up valve element for imparting follow-up
movements thereto responsive to movement of said mov-
able member; said valve structure defining, an inlet for
connection to a source of fluid under pressure and an
outlet for return of fluid to said source, a pair of fluid
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ports for connection to a fluid pressure operated device,
and fluid passages communicating with said servomotor;
said valye elements each having valve passages which
cooperate to direct flow of fluid from said inlet through
said servomotor to one.of said ports and to direct flow of
fluid from the other of said ports to said outlet responsive
to movement of said primary valve element in one direc-
tion away from a neutral position relative to said follow-
up valve element; movement of said primary valve ele-
ment in the opposite direction from said neutral position
causing said valve element passages to be disposed to
dir'c;ct flow of fluid from said inlet through said servomotor
to the other of said ports and to direct the flow of fluid
from said one of the ports to said outlet; the arrange-
ment- being such that the entire stream of fluid flowing
from said inlet to the selected one of said ports is con-
ducted through said servomotor; said valve elements in
said neutral position relative to each other cutting off the
flow of fluid to said servomotor.

2. The structure defined in claim 1 in which said valve
structure further defines an auxiliary fluid passage between
said inlet and said outlet independently of the others of
said passages, and in further combination with a valve
normally closing said auxiliary passage when the inlet
pressure is greater than the outlet pressure and opening
said auxiliary passage during reversal of said pressure to
permit flow of fluid from said outlet to said inlet.

‘3. A controller for fluid pressure operated devices,
said controller comprising; body structure defining a
cylindrical chamber; a cylindrical primary valve element
journalled in said body structure and extending axially
within said chamber; a tubular follow-up valve element
concentrically journalled on said primary valve element
within said chamber; means for imparting rotation to said
primary valve element from a neutral position; means
coupling said valve elements together for independent ro-
tation relative to each other between predetermined limits
and for common rotation; said body structure defining,
an inlet for connection to a source of fluid under pres-
sure, an outlet for return of fluid to said source, and a
pair of fluid ports for connection to a fluid pressure
operated device; said body structure including a stationary
annular internally toothed member concentric with said
chamber; an externally toothed member having a less
number of teeth than said internally toothed member
and mounted in meshing engagement therewith for orbital
and rotary movements within said internally toothed
member; said toothed members cooperating to provide
a servomotor; mieans coupling said externally toothed
member to said follow-up valve element for common
rotation therewith; said body structure defining fluid
passages communicating with said servomotor; said valve
elements each having valve passages which cooperate to
direct flow of fluid from said inlet through said servo-
motor to one of said ports and to direct flow of fuid
from the other of said ports to said outlet responsive to
rotafion of said primary valve element in one direction
away from said neutral position relative to said follow-
up valve element; rotation of said primary valve element
in the opposite direction from said neutral position caus-
ing said valve element passages to be disposed to direct
flow of fluid from said inlet through said servomotor
to the other of said ports and to direct the flow of fluid
from said one of the ports to said outlet; the arrange-
ment being such that the entire stream of fuid flowing
from said inlet to the selected one of said ports is con-
ducted ‘through said servomotor; said valve elements in
said neutral position relative to each other cutting off
the flow of fluid to said servomotor. .

4. The structure defined in claim 3 in which said body
structure further defines an auxiliary fluid passage be-
tween said inlet and outlet independently of the others
of $aid passages, and in further combination with a valve
normally closing said auxiliary passage when the inlet

75 pressure is greater than the outlet pressure and opening
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said auxiliary passage during reversal of said pressure.to
permit flow of fluid from said outlet to said inlet through
said auxiliary passage.

5. The structure defined in claim 3 in which said pri-
mary valve element defines an axial recess extending
from one end of said primary valve element for the
greater part of its length, said means coupling the valve
elements together comprising a transverse drive pin con-
nected at its opposite end portions to diametrically op-
posed portions of said follow-up valve element, said pri-
mary valve element having diametrically opposed circum-
ferentially extending slots for free reception of said drive
pin, the opposite ends of said slots engaging said drive pin
1o limit said independent movement of the primary valve

" element.

6. The structure defined in claim 5 in which said means
coupling the externally toothed member to said follow-
up valve element comprises a drive shaft connected at
one end to said externally toothed member for common
rotation therewith. and for angular movements with re-
spect thereto, the other end of said drive shaft being
bifurcated for reception of the intermediate portion of
said drive pin within said recess in the primary valve
element.

7. The structure defined in claim 6 in further combi-
nation with spring means yieldingly urging one of said
valve elements in a direction of rotation relative to the
other of said valve elements to center said drive pin be-
tween said opposite ends of said slots in the primary

valve element and dispose said primary valve element
in said neutral position relative to the follow-up valve
element.

8. A controller for fluid pressure operated devices, said
controller comprising; valve structure including a primary
movable valve element and a cooperating movable follow-
up valve element; means for connecting said primary
valve element to a control element for common move-
ments therewith; and a fluid servomotor including a ro-
tary member coupled to said follow-up element for im-
parting follow-up movements thereto responsive to ro-
tation of said rotary member; said valve structure de-
fining, an inlet for connection to a source of fluid under
pressure and an outlet for return of fluid to said source,
a. pair of fluid ports for connection to a fluid pressure
operated device, and fluid passages communicating with
said servomotor; said valve elements each having valve
passages which cooperate to direct flow of fluid from
said inlet through said servomotor fo.one of said ports
and to direct flow of fluid from the other of said ports to
said outlet responsive to movement of said primary valve
element in one direction away from a neutral position
relative to said follow-up valve element; movement of
said primary valve element in the opposite direction from
said neutral position causing said valve element pas-
'sages to be disposed to direct flow of fluid from said
inlet through said servomotor to the other of said ports
and to direct flow of fluid from said one of the ports to
said -outlet; the arrangement being such that the entire
stream of fluid flowing from said inlet to the selected
one of said ports is conducted through said servomotor;
said. valve elements in said neutral position relative to
each other cutting off the flow of fluid to said.servomotor.

9. A controller for fluid pressure operated: devices,
said controller comprising; valve. structure including a
‘primary movable valve element and a cooperating mov-
able: follow-up valve element; means for connecting 'said
primary- valve element to a control element for common
movement therewith in either direction from a neutral
-position; means coupling said primary valve element to
said follow-up valve element for limited movements
-independently of said follow-up valve element and for
-common mmovements therewith and including a resilient
member yieldingly urging said valve -elements toward
relative meutral positions wherein said primary valve
element is disposed centrally between the limits of said
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ports to said outlet; the arrangement

10
independent movement thereof relative to said follow-up
valve element; and a fluid servomotor including a: movable
member coupled to said follow-up element for imparting
follow-up movements thereto responsive to movement of

said movable member; said valve structure defining, -an

inlet for connection to a source of fluid under pressure
and an outlet for return of fluid to said source, a pair
of fluid ports for connection o0 a fluid pressure operated
device, and fluid passages communicating with said servo-
motor; said valve elements each having valve passages
which cooperate to direct flow of fluid from said inlet
through said servomotor to one of said ports and to
direct flow of fluid from the other of said ports to said
outlet responsive to movement of said primary valve ele-
ment in one direction away from said neutral position
relative to said follow-up valve element; movement of
said primary valve element in the opposite direction from
said neutral position causing said valve element passages
to be disposed to direct flow of fluid from said inlet
through said servomotor to the other of said ports and
to direct the flow of fluid from said one of the ports to
said outlet; the arrangement being such that the entire
stream of fluid flowing from said inlet to the selected one
of said ports is conducted through said servomotor; said
valve elements in said neutral position relative to.each
other cutting off the flow of fluid to said servomotor.

10. Incombination with a fluid pressure operated device
and a source of fluid under pressure therefor, a controller
comprising; valve structure including a primary movable
valve element and a cooperating movable follow-up valve
element; means for connecting said “primary valve ele-
ment to a control element for common movement there-
with; means coupling said primary valve €lement to said
follow-up valve element for limited movements independ-
ently of said follow-up valve element and for common
movements therewith; and a fluid servomotor including,
a movable member coupled to said follow-up valve ele-
ment for imparting follow-up movements thereto te-
sponsive to movement of said movable member; said
valve structure defining, an inlet connected to said source
of fluid and .an outlet connected to said source for return
of fluid thereto, a pair of ports connected to said fluid
pressure operated device, and fluid passages communicat-
ing with said servomotor; said valve elements each hav-
ing valve passages which cooperate to direct flow of
fluid from said inlet through said servomotor to one of

said ports and to direct flow of fluid from the other of

said ports to said outlet responsive to movement of said
primary valve element in one direction away from a
neutral position relative to said follow-up valve element;

‘movement of said primary valve element in the opposite

direction from said neutral position causing said valve-ele-
ment passages to be disposed to direct flow of fluid from
said inlet through said servomotor to the other of said
ports and to direct the flow of fluid from said one of the
being such that the.
entire stream of fluid flowing from sajd inlet to the se-
lected one of said ports is conducted through said servo-
motor; said valve elements in said neutral position rela-
tive to each other cutting off the flow of fiuid to said
servomotor.

i1. ‘A controller for fluid pressure operated devices,
said -controller .comprising; body structure defining a
cylindrical chamber; a cylindrical primary valve element
journalled in said body structure and extending axially
within said chamber; a tubular follow-up valve element

.concentrically journalled on said primary valve element

within said chamber; means for imparting rotation :to
said primary valve element from a neutral position;
means coupling said valve.elements together for independ-
ent rotation relative to. each other between pre-deter- —
mined limits and for comon rotation; said body struc-
ture defining, an inlet for connection to a source of fluid
under pressure, an outlet for return of fluid to said source,
and a pair of fluid ports for connection to a fluid pres-
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sure operated device; and a servomotor comprising an
internally toothed member and an externally toothed
member;. said externally toothed member having a less
number of teeth than said internally toothed member and
in meshing engagement therewith; one of said members
being stationary and the other thereof being movable in
an orbit about the axis of the stationary member and ro-
tatable on its own axis responsive to said orbital move-
ment; said follow-up valve element being coupled to said
movable member for common rotation therewith; said
body structure defining fluid passages communicating with
said servomotor; said valve elements each having valve
passages which cooperate to direct flow of fluid from said
inlet through said servomotor to one of said ports and to
direct flow of fluid from the other of said ports to said out-
let responsive to rotation of said primary valve element in
one direction away from said neutral position relative to
said follow-up valve element; rotation of said primary
valve element in the opposite direction from said neutral
position causing said valve element passages to be disposed
to direct flow of fluid from said inlet through said
servomotor to the other of said ports and to direct the
flow-of fluid from said one of the ports to said outlet; the
arrangement being such that the entire stream of fuid
flowing from said inlet to the selected one of said ports is
conducted through said servomotor; said valve elements in
said meutral position relative to each other cutting off the
flow of fluid to said servomotor.

12. A controller for fluid pressure operated devices,
said controller comprising; body structure defining a
cylindrical chamber; a cylindrical primary valve element
journalled in said body structure and extending axially
within said chamber; a tubular follow-up valve element
concentrically journalled on said primary valve element
within said chamber; means for imparting rotation to said
primary valve element from a neutral position relative
to said follow-up valve element; means coupling said
valve elements together for independent rotation relative
to each other between predetermined limits and for
common rotation and including a resilient member yield-
ingly urging said valve elements toward relative neutral
positions wherein said primary valve element is disposed
centrally between the limits of said independent rotation
thereof; said body structure defining, an inlet for connec-
tion to a source of fluid under pressure, an outlet for
return of fluid to said source and a pair of fluid ports for
connection to a fluid pressure operated device; and a
servomotor comprising an internally toothed member and
an externally toothed member; said externally toothed
member having a less number of teeth than said internally
toothed member and in meshing engagement therewith;
one of said members being stationary and the other there-
of being movable in an orbit about the axis of the sta-
tionary member and rotatable on its own axis responsive
to said orbital movement; said follow-up valve element
being coupled to said movable member for common
rotation therewith; said body structure defining fluid pas-
sages communicating with said servomotor; said valve
elements each having valve passages which cooperate to
‘direct flow of fluid from said inlet through said servo-
motor to one of said ports and ‘to direct flow of fluid
from the other of said ports to said outlet responsive to
totation of said primary valve element in one direction
away from said neutral position relative to said follow-up
valve element; rotation of said primary valve element in
the opposite direction from said neutral position causing
said valve element passages to be disposed to direct flow
of fluid from said inlet through said servomotor to the
other of said ports and to direct flow of fluid from said
one of the ports to said outlet; the arrangement being
such that the entire stream of fluid flowing from said
inlet to the selected one of said ports is conducted through
'said servomotor; said valve elements in said neutral posi-
tion relative to each other cutting off the flow of fluid to
said servomotor.
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13. 4 controller for fluid pressure operated devices,
said controller comprising; valve structure including a
primary movable valve element and g cooperating mov-
able follow-up valve element; means for connecting said
primary valve element to a control element for common
movements therewith; and a fluid servomotor including a
rotary member coupled to said follow-up element for im-
parting follow-up movements thereto responsive to rota-
tion of said rotary member; said valve structure defining,
an inlet for connection to a source of fluid under pres-
sure and an outlet for return of fluid to said source, a
pair of fluid ports for connection to g fluid pressure oper-
ated device, and fluid passages communicating with said
servomotor; said valve elements each having valve pas-
sages which cooperate to direct flow of fluid from said
inlet through said servomotor to one of said ports and to
direct flow of fluid from the other of said ports to said
outlet responsive to movement of said primary valve
element in one direction away from a neutral position
relative to said follow-up valve element; movement of
said primary valve element in the opposite direction from
said neutral position causing said valve element passages
to be disposed to direct flow of fluid from said inlet
through said servomotor to the other of said ports and
to direct flow of fluid from said one of the poris to said
outlet; the arrangement being such that the entire stream
of fluid flowing from said inlet to the selected one of said
ports is conducted through soid servomotor. .

14. A controller for fluid pressure operated devices,
said controller comprising; valve structyre including a
primary movable valve element and q cooperating mov-
able follow-up valve element; means for connecting said
primary valve element to a control element for common
movement therewith; means coupling said primary valve
element to said follow-up valve element for limited move-
ments independently of said follow-up valve element and
for common movements therewith; and a fluid servo-
motor including a movable member coupled to said
follow-up valve element for imparting follow-up move-
ments thereto responsive to movement of said movable
member; said valve structure defining, an inlet for con-
nection to a source of fluid under pressure and an outlet
for return of fluid to said source, a pair of fluid ports for
connection to a fluid pressure operated device, and fluid
passages communicating with said servomotor; said valve
elements each having valve passages which cooperate to
direct flow of fluid from said inlet through said servo-
motor to one of said ports and to direct flow of fluid from
the other of said ports to said outlet responsive to move-
ment of said primary valve element in one direction away
from a neutral position relative to said follow-up valve
element; movement of said primary valve element in the
opposite direction from said neutral position causing said
valve element passages to be disposed to direct flow of
fluid from said inlet through said servomotor to the other
of said ports and to direct the flow of fluid from said
one of the ports to said outlet; the arrangement being
such that the entire stream of fluid flowing from said inlet
to the selected one of said ports is conducted through said
servomotor.

15. A controller for fluid pressure operated devices,
said controller comprising; valve structure including a
primary movable valve element and q cooperating mov-
able follow-up valve element; meang for connecting said
primary valve element to a control element for common
movement therewith in either direction from a neutral
position; means coupling said primary valve element to
said follow-up valve element for limited movements in-
dependently of said follow-up valve element and for com-
mon movements therewith and including a resilient mem-
ber yieldingly urging said valve elements toward relative
neutral positions wherein said primary valve element is
disposed centrally between the limits of said independent
movement thereof relative to said follow-up valve ele-
ment; and a fluid servomotor including a movable mem-
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ber coupled to said follow-up element for imparting
follow-up movements thereto responsive to movement of
said movable member; said valve structure defining, an
inlet for connection to a source of fluid under pressure
and an outlet for return of fluid to said source, a pair of
fluid ports for connection. to a fluid pressure operated
device, and fluid passages communicating with said servo-
motor; said valve elemenis each having valve. passages
which cooperate to direct flow of fluid from said inlet
through said servomotor to one of said ports and 10 direct
- flow "of fluid from the other of said ports to said outlet
responsive to movement of said primary valve. element

in one direction away from said neutral position relative

to said follow-up valve element; movement of said pri-
mary valve element in the opposite direction from said
neutral position causing said valve element passages 10
_ be disposed to direct flow of fluid from said inlet through
said servomotor to the other of said ports and to direct
the flow of fluid from said one of the ports to said out-
let; the arrangement being such that the entire stream
" of fluid flowing from said inlet to the selected one of said
ports is conducted through said servemotor.

16. A controller for fluid pressure operated devices,
said controller comprising; body structure defining a cylin-
drical chamber; a cylindrical primary valve element
journalled in said body structure and extending axially
within said chamber; a tubular follow-up valve element
concentrically journalled on said primary valve elemert
within said chamber: means for imparting rotation to
said primary valve element from a neutral position;
means. coupling said valve elements together for inde-
pendent rotation relative to each other between predeter-
“mined limits and for common rotation; said body struc-
ture defining, an inlet for connection to a source of fluid
under pressure, an-outlet for return of fluid to said source,
and a pair. of fluid ports for connection to a fluid pres-
sure. operated device; and a servomotor comprising an

25,126

10

15

20

25

30

35

14

internally toothed member and an. externally toothed
member; said externally toothed member having a less
number of teeth than said internally toothed member
and in meshing engagement therewith; one of said mem-
bers being stationary and the other thereof being mov-
able with its axis moving in an orbit about the axis of
the stationary member, the movable member being ro-
tatable on its own axis responsive to said orbital move-
ment; said follow-up valve element being coupled to said
movable member. for common rotation therewith; said
body structure defining fluid passages communicating with
said servomotor; said valve elements each having valve
passages which cooperate to direct flow of fluid from
said inlet through said servomotor to one of said ports
and to direct flow of fluid from the other of said ports to
said outlet responsive to rotation of said primary valve
element in one direction away from said neutral position
relative to said follow-up valve element; rotation of said
primary valve element in the opposite direction from said
neutral position causing said valve element passages t0
be disposed to direct flow of fluid from said inlet through
said servomotor to the other of said ports and to direct
the flow of fluid from said one of the poris to said outlet;
the arrangement being such that the entire stream of fluid
flowing from said inlet to the selected one of said poris is
conducted through said servomotor.
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