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MULTIPLE OUTLET FLUID PUMP AND
CONTROL

Ludwig T. Sfoyke Rockford, "I_ll, assignor to
Sundstrand Machme Tool Co a corporation of

IHinois

Application December 10, 1949, Serial No. 132,293'
(CL 163—2)

This invention relates to pumps and more. par-
ticularly to variable dlsplacement multlple out—
let fluid pumps. ‘

-.It is. the general -abject of this 1nvent10n to

pmduce a multiple cutlet variable dlsplacement

pump-of new and improved design.
It. is a more specific object of this invention

to produce control means for a variable displace--

ment multiple outlet pump adapted to vary the

displacement of the pump in response to a vari-

able control pressure.

A further object of the invention is to produce
a control device for a multiple outlet variable
displacement pump- operating when. the pressure
in any single, outlet. exceeds a predetermined
amount to-reduce the displacement of the pump.

_Still another object of the invention is to pro-
duce a control device for a pump of the type
described in the preceding paragraphs in which
a variable control oil pressure is-employed for
operating means for controlling the displace-
ment of the pump and where means, movable in
response. to the build-up of excessive pressure in
any outlet, is provided in the variable control
oil circuit to tank contrel pressure.

It is a further object of the invention to pro-
duce: & pump for use with a control of -the type
described in the preceding paragraph which-is
provided with means biasing the pump toward
zero displacement and in which- the means for
controlling displacement onerate in opposition to
the biasing means.

Other and further ob;ecta of the invention will

beccme apparent from the following descnptlon

and drawings, in which:

Fig. 1 is a lengitudinal sectlon through a fluid
pump heusing and discharge manifold embodymg
the invention;

Fig. 2 is a schematic diagram of the hydrauhc
control circuit, showing in seetion the pump, and
the relief, relay and priming valves; ]

Fig. 3'is a sectional view of the outlet pressure
relief valve showing the details thereof; and -

Fig. 4 is an enlarged view of the upper portion.

. of Fig. 1 showing the details of the relay valve
and priming valve.

‘While the invention is susceptible of various
medifications and alternative constructions, it is
hereinr shown and will hereinafter be described
in its preferred embediment. If is not infended,
however, that the .invention is to be limited
thereby to the specific construetion disclosed.
On the contrary, it is intended to cover all modi-
fications and alternative constructions falling
within the spirit and scope of the invention, as
defined in the appended claims.

11 Claims-.
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Pump construction

As illustrated in the drawings, the pump com-
prises a hollow casing having a somewhat tubu-
lar section I8 and an end section {{. Located
within the casing is a cylinder block 12 having
a plurality of cylinder bores i3 in which- pistons
{4 are reciprocable. A drive shaft 16 is rotatably

‘mounted in the casing and carries a wobbler

device (¥ for converting rotary’ motion of the
shaft into reciprocatory movemerit of the pistons.
A valve device (8 is provided for controlling the
flow of fiuid to the eylinders from an inlet port
19 and from the cylinders to a plurality of dis- .
charge ports 28, one of “which latter ports is

" provided for each of the cylinders {3.

The cylinder block 12 is generally annular in
form and has an integral flange 21 positioned
hetween the casing sections 2 and 1, the casing
sections and flange being secured together by
a plurality of bolts 22. The cylinder block is
provided with a cylindrical recess in its right
hand end (as shown in Fig. 1) to form a cylin-
drical valve chamber 28 having opposed parallel
end faces 24.and 26. In this chamber and against
these faces, the valve device {8 is located.

The shaft i§ is rotatably mounted within the
casing and te this -end there are provided a
roller -bearing 2§ and a ball bearing 2T at the
left hand end of the casing and a roller bearing
28 supported in the cylinder block 2, which
kearings carry the shaft.. The wobbler device {1
comprises an inner ring member 29 whieh is
pivotally mounted on the shaft {8 by means of
a pin 30 extending therethrough. The wobbler
includes an outer ring 2! carried on the inner
ring by means of roller bearings 32 and thrust
bearing 32q¢ and is arranged with a flat end face
23 in position to engage the adjacent convex ends
of the pistons {4. As will be noted from the
drawings, the pin 38 about which the wobbler
pivots is off center with respect to the central
longitudinal axis of the shaft 38 and with re-
spect to the wobbler face. Thus, as shaft 16 is
rotated an inertia load is applied to the wobbler,
tending to rotate it about the pivot to a pesition
imparting maximum stroke to the pistons. This
inertia load is sugmented by the hydraulic load
applied to the pistens, as will be hereinafter de~
scribed, and thus the wobbler tends to assume

_a position causing maximum stroke with rotation

of the shaft 18.

Springs 34 are.located inan annular recess 35
between the cylinder block and the casing 19,
and are secured to an annular collar 36 which in
turn is. adapted to contact the ring 33 to urge-
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the wobbler to neutral position. By compressing
the springs and thus moving the collar 36 to the
right, the wobbler assumes a stroke-imparting
position as described. For compressing the
springs I mount them in a sleeve 37 slidable in
the recess 28. The sleeve is provided with a
shoulder 38 located in a chamber 39 formed be-
tween the sleeve and an annular member 40 se-
cured in fluid-tight relationship to the casing 10
by -a number of O-rings 40a. A fluid passage
41 is connected to the chamber 39 and to a main
relay control valve 42 which is adapted to supply
operating fluid under pressure thereto to move
the sleeve to the right to compress the springs.

Each of the pistons has a relatively larger
portion 43 adjacent its left hand end (as seen
in Pig. 1) and a relatively smaller portion 44
adjacent its right hand end. The cylinders {3
are so proportioned as to engage each of the sec-
tions of the piston, and accordingly the right
hand section 45 of each cylinder has a some-
what smaller diameter than the left hand end.
The proportioning of the pistons provides an
annular shoulder surface 46 on each piston to

which -o0il pressure is applied to urge the pistons
to the left on their mtake strokes, as hereinafter
described.-

The valve i8is posmoned with its annular rlm

portion 48-in the valve chamber 23 between the :

cylinder ports and the radially aligned discharge
ports 20 opposite thereto.. The valve is given a
gyratory movement by means of an eccentric pin
49 which is carried on a rotatable shaft 59 posi-
tioned in axial alignment with the shait i6 and
connected thereto by a spline arrangement 51.

The valve {8 is freely rotatable about the
eccentric pin 49 and is provided with g perforated
valving rim, the perforations taking the form of
i g plurality of openings 52 therethrough adapted
to intereconnect each of the cylinder ports with
a predetermined different one of the discharge
© ports 20. The valve itself is more specifically de-
scribed in the copending application of myself
and. Bruce H. Mossbaker filed on December 10,
1949, as Serial No. 132, 292 now Patent No.
2,579,899,

Movement of the pistons on their return or
suctlon stroke is accomplished by means of a
gear pump 53 mounted upon the shaft §9 and

connected by means of a passage 54 to a groove .

55 in each of the cylinders {3. The groove 55 is
located at the mean position of the shoulder
portlon 46 and thus the pressure generated by
the pump 93 serves constantly to urge the pistons
to the left, that is, on their suction or return
strokes. Pump 53 also serves as the source of
fluid pressure for operating the control system
to be hereinafter desecribed.

Where wobbler type pumps are used as fuel
pumps for engines using crude oil as the fuel,
impurities in the crude oil often cause the deposit
of secale or other accumulations on the pistons.
Such accumulations are apt to cause sticking of
the pistons. I have found that accumulations of
. this nature are usually encountered only in a
comparatively small area near the high pressure
end of the piston. In order to remove such de-
posits T provide means for introducing a solvent
therefor at the area most likely to be affected.
To this end I provide a conduit 56 which may be
connected to a source of solvent under pressure,
which conduit connects with an annular groove
57 formed in the sidewalls of the smaller por-
tion 45 of the cylinder. A second anmnular groove
58 is-also provided in that portion of the cylinder
. spaced. outwardly, that is, to the right as seen in
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Fig. 1, from the groove 51. The annular groove
58 connects with a conduit 59 which empties into
the inlet side of the pump. Solvent is intro-
duced into the conduit 56 at a pressure somewhat
less than the pressure of fluid from the pump 53
so that no tendency exists for the solvent to leak
into the operating oil circuit. The solvent covers
the area of the piston which reciprocates be-
tween the annular grooves to remove all accu-
mulations which might otherwise foul the piston,
and is removed through the conduit 539 to the

.intake side of the pump. The annular groove

88 and the conduit 59 also serve to return to the
inlet any fuel on the high presstre side of the
pump which leaks past the outer end of the
piston.

In the particular embodiment shown eighteen
pistons are provided in the pump which discharge
into an equal number of discharge ports 28. The
end cap 1 is provided with a manifold arrange-
ment 60 designed to combine the eighteen ‘dis-
charge ports into six separate outlets by joining
three ports equally spaced in the discharge port
circle to form six groups of three .discharge
ports each. = To this end the manifold is provided
with six annular grooves 61, separated by O-rings
62. Slots 63 are milled in the manifold to’ con~
nect ‘each discharge port 20 to one of the six
annular grooves 6f. Six discharge outlets 6§4-69
are provided, each connected-to' o'ne of the slots
63. o

Pressure relzef valve

Referrlng now to F1g "2 of the drawlnf*s, I pro~
vide a pressure relief valve 70 in the operating
fluid circuit between the gear pump 52 and the
groove 55, which valve is provided with a bore

1t having a piston 72 reciprocable therein, and

urged by means of a spring 13 toward the left,
as seen in Fig. 2. Means in the form of a screw
device 14 is provided for adjusting the tension of
the spring to determine the pressure at which
the relief valve opens. The piston 12 is pro-
vided with a plurality of openings 75 through the
sidewalls thereof adapted when the piston is
moved to the right under the pressure of cil in
a chamber 76, to which the pump 53 is connected,

to be aligned with an annular groove 71 in a
sleeve 18 positioned at the left hand end of the
bore. . The sleeve is provided with a number of
notches 79 connected to the groove 17 and open-
ing to the interior of the bore. A condui: 80
opens at one end to the interior of the bore 11
and at the other end to the interior of the casing
10. The relief valve 10, of course, determines the
upper limit of operating oil pressure in the cir-
cuit’ and serves to tank oil under pressure suffi-
ciently high to compress spring 13 and cause
rlghtward movement of the piston 72.

Main relay control valve

The conduit 54 is connected to the chamber 75
and to the space 55 and, by means of an inter-
mediate conduit 8{, to a main relay valve 82.
The relay valve is provided with a bore 83 to
which the conduit 81 opens and with g piston-
84 slidable therein. Fixed to the piston 84 is a
rod 85 which extends longitudinally of the bore
and has its other end connected to a piston 83.
Means. in -the form of -a control spring 81, which
bears against the end of the piston 86, is pro-
vided for urging the pistons to the right, as seen
in Figure 2. Screw means 88 are provided for ad-
justing the tension of the spring 87 to determine
the pressures at which hoth pistons will move.
A slidable sleeve 29 is located in an intermediate .
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portion of the hore and prov1ded with a plurality
of openings 51 controlled by o la,ml 82 located

- eonnected to.an annular groove {18 which in turn

on.the left hand end of the piston 84. The open-

ings 91 extend radially through. the sleeve and
are connected by means-of an annular groove 93
to the conduit &1 which in turn is cenneeted to
the chamber 38. Pixed to the rod. 85 is a spring
cage 94 carrying. three springs 85 spaced ap-
proximately 120° apart, which springs. bear
against: a stop- member 94 in. the form. of an
annavlus: -surrounding the rod &5 and fixed in- the
sleeve 8. Three additional springs 97 are pos1-'
tioned: in the member 84 between the springs. 85
and bear against a sefsond emnulwr Step- meny
98 fixed: in the- other end .of sleeve 83 As the:
springs- extend - beyond: the eage 94, a da,mpen-
ing movement: of-the rod: to the rlghf or leff is
permitted before the cage comes into dirget con—
tact with the step members.: Fhe sleeve 90 is
provided with a. lonqwbw-1nal_passage 98 which
openy into & chamber (089, whieh. iy turn. opens
to the interior of: the easing member 8. Thus,
when the piston 84 is: meved to the right, as seen
in Figures 2 and 4; operating finid pressure is cub
off from’ the openings 81 and the sleeve is. sub-
iected to operating fiuid- pressure to move the
sleeve: to the-left, compressing the dampening
springs 95.. ‘When this eecurs fluid in the cham-
ber 39 -is drained therefrom through the pas-
sage &f, openings 94, space 89, and ehamber. 109
torthe interior.of the casing.

A follow-up member. £81 is pivotally mounted.
at: £82 in the relief valve-easing and has. ifs lower
end- 03¢ bearing against the annular ving 38 of

the wobbler while its upper: bifureated end ii!a»

bears against the stop member 3%, ..

Variable contrel oil pressure is Qupphei from
a contrel source (1ot showr) by means of.a
Guit 165 through an outlet pressure relief valve
t0¢ i & manner to be hereinafter explained and
directed to-a chamber 47 at the right
of the bore 83 through the mediunt @
188, Variahle control ei} pressurs in ﬂ - ehRan
£07 serves-to.move the pisten 84 %0 the: left,
shown, uneovering the: epenings. 81 -and pl
them: inn cemmunication with operatmg oil: pre
sure:in the: cenduit-8! -to. inerease .the-

come compressed: withi movement of. the. pisten
84 to the left and add their.resistance- to.that of
the control spring 87 to terminate the,move'ne nh
of the piston 84.
angle with inerease in pressure i the chamber
38, the lower end (03¢ of the follew-un member
also- moves o the right to- pivet the wpper end

to the left, allowing: the sleeve 9% to shiff in a -
follow-up manner under:the tension of the sprines -

97. Similarly, should the wobhler angle inerease
without decrease in- operating. fluid pressure in
the chamber 39, the follow-up member 1844 will

be pivoted in the direction just deseribed further-

to decrease the tension-of the springs 8T znd to

increase the temsion of springs 85 snd thus to

shift. the sleeve: 99 slightly to Lhc IPft o tavlk
operating fluid.

Mounted on the relay: valve is. a: prn’mn£y va]vu
{10 having a chamber t1L connected to the cham-
ber 107 by means-eof a passage 18 A piston'
(13 is reciproeably mounted in.-the bore Fid . of

the priming valve and urged: to the position shown ¢

by spring 5. 'The closed end of the piston £i2

is provided with an orifice 118 in communieation: -
with the chamber (1! and the interior of -the.
piston. A plurality of cpenings b7 is provmed-
in the sidewalls of the piston, the openings being,

conduit

isplace-.
ment of the pump.: - The dampening springs bhe~-

As the wobbler inereases. its.
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is.in communieation with a plurality of openings
119 formed in a sleeve 120 in whieh the piston
reciproeates. 'The openings 119 are in communi-
cation with the left hand end of the bore- {14,
‘which in turn is in communication with- the
chamber {00 through passage [2}. The tension
of the spring is such as to permit air in the vari+

-able control oil eircuit to: pass through the orifice

116, the opening 11, the annular: -grooves: and
hore and into the passage 121. After air has been-
exhausbted from. the variable control oil system

and only oil is flowing into the chamber 98, the
qlﬁerentml pressure across- the orifice. 1§ in-
creases with the change in the density of the fluig-
to a.point sufficient to overcome the tension of the
spring (15 to move the piston 113 to.the Ileft,
closing off communication between the annular
groove 118 and the openings {19. Once ‘pres=
sure is gstablished in the variable control. oil
circuit the priming valve remains closed during
operation of the pump and control.

Outlet pressure relie]‘ valve

The outlet pressure relief valve 10§ comprises
a casing (38 having a bore (8 therein in which
are slidable a plurality of pistonlike members
(82, As seen from the drawings, each of the
pistonlike members is provided with a first por-
tion in sliding contact with the bore and with a.
reduced portion {33 at one end in contact with
the first portion of the next adjoining mem-
ber.  The reduced portions 133 provide a space
{34 between each pair of pistons, which space

" is in communication with an annular groove (35

formed in the hore and connected at one side
to each outlet 54-89 and at the other side to out-
lets 84a—8%c. As the particular embodiment of
my invention shown in the drawings was de-
signed for use with a turbine engine having six
jets; each of the outlets 64a~8§8¢ is connected to-

‘an individual jet to supply fuel thereto.  Tn order

to safeguard the pwmnp and Tuel system of such
an-engine it is desirable to incorporate sn out-
let pressure relief valve to limit the maximum
pressure in any outiet and to decrease fuel de-
livery to all nezzles equally, should pressure ex-
ceed maximum in any outlet. . Thus, the, device:
of this invention serves to limit engine output
when a nozzle becomes inoperative and without
subjecting the turbine str ucture to a condition of
non-uniform heat. distribution.

To this end, the rightmoest piston member 132
bears against a spool valve {36 which is provided
with two end portions 127 and 188 and a central
portion {48 in sliding Auid-tight engagement.
with the bore 3! and \Vlth a reduced portion 139
between the end portion £33 and the eentral
portion {48. The end portion 138 bears against
a stop member {44 resiliently urged thereagainst
by means of a spring (42 hearing against a mem-
ber {43 in the right hand end of the bore and.
against a shoulder portion 144 secured to the
member {41 The tension of the spring 142 is

¥ sufficient to maintain all of the members in-the

bore 131 in the position shown in Figure 2 under.
nermal pressures in the cutlels 84-69. With the
members in this position, the conduit £05, which
is connected to the source of variable control oil
bressure, connects to an .annular groove (59
formed in the casing 138, which in turn is con-
nected by means of a plurality of passages {51 to
the portion of the bore 12i¢ in which the reduced
portion 439 is located.  Ancther annular ‘groove
153 is also connected to the portion [3{a:through: .
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a plurality of passages 154 and connects with the
conduit 108 connected to the control chamber
(07 in the relay valve. With the valve in the
position shown in Fig. 2 variations in the con-

trol oil pressure are conducted directly through,

the outlet pressure relief valve to the chamber
107 to shift the piston -84 therein to control the
displacement of the pump. : '

Should the pressure in any outlet exceed the
maximum desired value, such pressure in any
space 134 will serve to overcome the fension of
the spring 182 and to shift all of the members
in the bore located between such space 134 and
the spring, including the valve 138, Movement
of the valve causes the enlarged portion 149 to
cover the openings 151 while simultaneously caus-
ing enlarged portion {38 to uncover an annular
groove 156 in the right hand portion of the bore.
The annular groove 158 is connected by means of
5 plurality of passages 51 to the interior 158
of that portion of the bore in which the spring
{42 is located. The portion 158 is in turn con-
nected by means of a drain 159 to the gear case,
and thus variable control pressure in the cham-
per 187 is drained to the tank and the piston
valve 84 moves to the right under the action of
the control spring 87. Obviously, the effect of
movement of the piston valve 84 to the right is
to tank the hydraulic fluid under pressure from
the cylinder 39 to permit the springs 34 to shift
the wobbler to neutral position.

If desired, of course, the outlet pressure relief
valve may be connected in series with the relay
valve to tank the operating fluid directly through
movement of the spool valve {136 rather than in-
directly through reduction in variable control oil
pressure.

Control oil leaking past the portion {40 en-
ters the portion 131b of the bore to the left of
the portion {48 and enters an annular groove

{61 which is in communication with said portion-

{315 through a plurality of openings #§2. As
best seen in Fig. 3, the annular groove I£] is
connected to the inlet 19 through the medium
of passages 163 and 164. :
Iclaim:
1. Control means for a multiple outlet wobbler

type pump comprising means biasing the wobbler

toward neutral position, fluid operated means
obposing the biasing means and operating to
increase the wobbler angle to increase the dis-
placement of the pump, an outlet pressure relief
valve having a bore, a plurality of piston-like
members with each member having a portion in

fluid-tight sliding engagement with the bore and .

a reduced portion in contact with another mem-
ber to provide a space between the first portions
of adjacent members, means connecting -each
outlet with the bore at said spaces to subject each
member to the opposed pressure in two outlets,
3 spring holding the members against movement
in the bore under normal operating outlet pres-
sure and yieldable under excessive pressure in
any outlet to permit sliding movement of a mem-
ber subjected thereto, a source of control fiuid
under pressure, a source of operating fluid under
pressure, a relay valve connected to the source
of operating fluid, said relay valve having a con-
trol fluid chamber and a valving member mov-
able in response to increasing control fluid pres-
sure in the chamber to direct operating fluid
to the opposing means to increase pump dis~
placement and said valving member being mov-
able in response to decreasing control fiuid pres-
sure in the chamber to tank operating fluid from
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the opposing means, a passage connecting the
source of control fluid to one end of the relief
valve bore, a second passage connecting said
end of the bore to thé control chamber, a third
passage connecting said end of the bore to a
drain, and a control val e in said end of the bore,
said control valve being in contact with a piston-
like member and movable therewith to control
the passages.

2. A control for a multiple outlet wobbler type
pump comprising a source of control fluid, means
biasing the wobbler toward neutral position, a
source of actuating fluid, control means connected
to the source of actuating fluid fo be operated
thereby in opposition to the biasing means to in-
crease the wobbler angle to increase the displace-
ment of the pump, a member movable in response
to changes in control fluid pressure to control
the connection between the source of actuating
fluid and the control means, an outlet pressure
relief valve having a bore, a plurality of piston-
like members with each member having a portion
in fluid-tight sliding. engagement with the bore
and a reduced portion in contact with another
member to provide a space between the first por-
tions of adjacent members, means connecting
each outlet with the bore at said spaces to sub-
jeet each member to the opposed pressure in two
outlets, a spring holding the members against
movement in the bore under normal operating
outlet pressure and yieldable under excessive
pressure in any ouflet to” permit sliding move-
ment of a member subjected thereto, a passage
connecting the source of control fluid to one end
of the bore, a second passage connecting said
end of the bore to the member, and a control
valve in said end of the bore, said control valve .
being movable with movement of a member to
control the passages.

3. A confrol for a multiple outlet wobbler type
pump comprising means biasing the wobbler to-
ward neutral position, a source of actuating fluid
under pressure control means connected to the
source to be actuated thereby in opposition to
the biasing means to increase the wobbler angle
to increase the displacement of the pump, an
outlet pressure relief valve having a bore, a plu-
rality of piston-like members in the bore with
each member having a portion in fluid-tight slid-
ing engagement with the bore and a reduced por-
tion in contact with another member to provide
a space between the first portions of adjacent
members, means connecting each outlet with the
bore at said spaces to subject each member to
the opposed pressure in two outlets, a spring hold-
ing the members against movement in the bore
under normal operating outlet pressure and yield-
able under excessive pressure in any outlet fo
permit sliding movement of a member subjected
thereto, and valve means controlling the connec-
tion between the source and the control means
operating in response to movement of ‘a member
to divert actuating fluid from the control means
to permit the biasing means to shift the wobbler
to neutral position. ‘

4. A control for a multiple outlet variable dis-
placement pump comprising means for control-
ling pump displacement, an outlet pressure relief
valve having a bore, a plurality of piston-like
members in' the bore with each member having a
portion in fluid-tight sliding engagement with
the bore and a reduced portion in contact with
another member to provide a space between the
first portions of adjacent members, means con-
necting each outlet with the bore at said spaces
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to subject each member to the opposed pressure
in two outlets, a spring holding the members
against movement in the bore under normal op-
erating outlet pressure and yieldable under ex-
cessive pressure in any outlet to permit sliding
movement of a member subjected thereto, and
means operating in response to movement of a
member to actuate the control means to reduce
pump displacement.

5. A control for a multiple outlet wobbler type
pump comprising means biasing the wobbler
toward neutral position, a source of actuating
fluid under pressure, control means connected to
the source to be actuated thereby in opposition to
the biasing means to shift the wobbler to a stroke-
imparting position, a plurality of members each
subject to the pressure in two outlets and mov-
able in response to differences in pressure be-
tween said outlets, and means controlling the
connection between the source and the control
means and operating in response to movement
of a member to divert actuating fluid from the
control means to permit the biasing means to
shift the wobbler to neutral position.

6. A control for a multiple outlet variable dis-
placement pump comprising means for control-
ling pump displacement, means sensing the pres-
sure in each outlet and movable in response to
excessive pressure in any one of the outlets and
means operating in response to movement of the
movable means to actuate the control means to
reduce pump displacement.

7. A control for a wobbler type pump compris-
ing a wobbler biased toward maximum stroke
position, an annular eylinder, an annular piston
in the cylinder and contacting the wobbler, spring
means urging the piston toward movement in a
direction to shift the wobbler to neutral position,
a relay valve having a bore, a first passageway
in the bore communicating with a source of op-
erating fluid under pressure, a second passageway
in the bore communicating with the annular cyl-
inder, a drain outlet from the bore, a first valve
member movable in the bore and having a port
in constant communication with the second pas-
sageway, a second valve member controlling the
port and movable in the bore in response to a
variable control force to direct operating fluid
to said cylinder to move the piston against the

tension of the springs, a follow-up member mov-

able with changes in wobbler position and damp-
ening means resiliently connecting said valve
members to each other and to the follow-up mem-
“ber for movement together.

8. A control for a wobbler type pump compris-
ing a wobbler biased towards maximum stroke
position, an annular cylinder, an annular piston
in the cylinder and contacting the wobbler, spring
means urging the piston toward movement in a
direction to shift the wobbler to neutral position,
a relay valve having a bore, a first passageway
in the bore communicating with a source of op-
erating fluid under pressure, a second passageway
in the bore communicating with the annular eyl-
inder, a drain outlet from the bore, a sleeve valve
member movable in the bore and having a port
in constant communication with the second pas-
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sageway, a piston valve member controlling .the
port and movable in the bore in response to a
variable control force to direct operating fluid to
said cylinder to move the annular piston against
the tension of the springs, a follow-up member
bearing against the sleeve valve and movable with
changes in wobbler position, and a-plurality of
dampening springs resiliently  connecting - said
valve members to each other and to the follow-
up member for movement fogether.

9. A servo type control valve for a wobbler type
fluid pump comprising fluid operated means for
controlling the wobbler angle, a valve having a
bore, a piston valve having a valving land slid-
able in the bore, means for applying a variable
control force to the piston valve to slide the piston
valve in the bore, a sleeve valve slidable in the
bore and having a valving port controlled by the
land, fluid passageways controlled by the land and
connecting the control means with a source of
operating fluid under pressure and a drain, an
arm movable with changes in wobbler angle and
bearing against the sleeve valve, and a plurality
of dampening springs having both ends bearing
against the sleeve valve and being connected to
the piston valve resiliently to connect said sleeve
valve and the piston valve together for movement
with the arm in a follow-up manner.

10. ‘A servo type conirol valve comprising a
valve casing having a bore, a piston valve having
a valving land slidably mounted in the bore,
means for applying a variable control force to the
piston valve to slide the piston valve in the bore,
a sleeve valve slidable in the bore and having a
valving port controlled by the land, a control
spring, a control rod connecting the spring to
the niston valve for operation in opposition to the
control force, a dampening spring secured to the
rod, an arm movable in response to changes in
position of the member to be controlled, a first
stop secured to the sleeve valve and located in-
termediate one end of the dampening spring and
the arm, and a second stop secured to the sleeve
valve and located at the other end of the damp-
ening spring.

11. A servo type control valve comprising a
member movable in response to a variable control
force to move a member to be controlled, a sec-
ond member movable in a follow-up manner with
the first member in response to movement of
the member to be controlled, resilient means op-
erating against the first member in opposition
to the control force, and a dampening spring con-
necting the first member to the second member,
said spring operating against the first member
in opposition to increases in the control force and
movable in a follow-up manner with movement
of the member to be controlled.

LUDWIG T. STOYKE.
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