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This invention relates to speed governors.

In some types of mechanism, such, for in-
stance, as kiln pushers, it ig highly desirable
that the movement of the driven part be
accurately maintained at a definite rate over
extended periods of time. To maintain such
movement with the accuracy required is ex-
ceedingly difficult when the desired move-
ment is slow, and particularly when such
movement is effected by the use of a hydranlic
drive.

One object of the
provision of a speed
curately maintaining
ly driven part

present invention is the
governor capable of ac-
the movement of a slow-
at a definite rate over extended

Another object is the provision of a speed
governor for hydraulic drives capable of ef-
fecting an accurately timed movement of the
driven part.

Other objects and advantages will appear
from the following description of an illus-
of the present invention,

In the drawings:

Figure 1 is a plan view of a speed governor
for hydraulic drives constructed in accord-
ance with the present invention.

Figure 2 is a side elevation of the mecha-
nism shown in Figure 1.

Figure 3 is a horizontal sectional view of a
by-pass valve, and diagrammatically illus-
trating its connection with the hydraulic cir-
cuit. : :

Figure 4 is a longitudinal sectional view

taken substantially along the line 4—4 of
Figure 3. :
- Figures 5, 6, 7 and 8 are transverse sec-
tional views taken substantially along the
lines 5—5, 6—6, 7—7 and 8—8, respectively,
of Figure 4.

Figure 9 is a sectional view taken substan-

tially along the line 9—9 of Figure 1, illus-

trating a ratchet mechanism employed.
Figure 10'is a sectional view, taken substdn-
tially along the line 10—10 of Figure 1.
The speed governor selected for llustration
is designed for use with a variable speed, hy-
draulic transmission system, such, for in-
stance, as that illustrated more or less dia-
grammatically in Figure 8. The system

shown comprises a hydraulic motor in the
form of a power cylinder 10, piston 11 and
ram 12, operated by a variable delivery, re-
versible flow bump 13, of a well known type.
The pump is driven at constant speed from an
appropriate power source (not shown)
through a pulley 14, the direction of flow
and the amount of fluid delivered by the pump
being controlled by any appropriate means,
such as a hand wheel 15. The two sides of
the pump circuit are connected with the oppo-
site sides of the cylinder 10 through pipes 16
and 17, respectively. The arrangement is
such that when, by manipulation of the wheel
15, the pump is caused to deliver oil through
pipe 16, the piston 11 is driven toward the
right and oil discharged from the right end
of the cylinder 10 passes through pipe 17 back
to the pump. Similarly, when the pump is
adjusted to deliver oil into the pipe 17, the
piston 11 moves toward the left, and the oil
discharged from
10 is returned to the pump through pipe 186.
The direction and rate of movement of the
ram 12 is thus ordinarily dependent upon the
direction and rate of discharge of oil from
the pump. '

It has been found thag hydraulic drives of °

this character can not ordinarily be depended
upon to produce and maintain g definite rate
of movement of the driven member with the
accuracy required for some purposes. An
extremely accurate control and timing of the
driven membey may be had, however, by the
use of a speed governor, such as will now be
described. .

The governor shown comprises'a rotary by-
pass valve in the form of a sleeve 18
fitted for rotation in a bore 19,
- A cylindrical core 21 is cloge.
ly fitted for rotation in the sleeve 18. The
core 21 contains two spaced transverse pas-
sages 22 and 23 extending therethrough and
connected by a longitudinal bassage 24. A
peripheral groove 25 extending around the
core 21 communicates with both ends of pas-
sage 29, and a similar groove 26 formed in the
outer face of the sleeve 18 communicates with

groove 25 through a passage 27. Groove 26
passage 28 formed in 109

communicates with a

the left end of the cylinder -
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the block 20, which in turn is connected

through a pipe 29 with the pipe 17 constitut--

ing one side of the hydraulic circuit. The
sleeve 18 is provided in its opposite sides with
narrow saw cuts 30 which cooperate with the
ends of the transverse passage 23 in the core
to effect a graduated Eow of fluid therebe-
tween. Additional passages 31 extending
through the wall of the sleeve are adapted to
register with the passage 23 when the core as-

sumes a certain rotative position within the

~ gleeve. The saw cuts 30 and passages 31 com-
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municate with a peripheral groove 32 sur-
rounding the sleeve. This groove 32 com-
municates -at all’ times with a passage 33
formed in the block 20 which in turn is con-
nected through a pipe 34 with the pipe 16
constituting the other side of the hydraulic
cireuit. -

Leakage. of fluid between the core and
sleeve is intercepted by peripheral grooves
35 and 36 extending about the core adja-
cent the opposite ends thereof, and leakage of
fluid between the sleeve and valve block is
intercepted by peripheral grooves 37 and 38

the sleeve. Grooves
35 and 37 are in constant communication
through passages 39 in the wall of the sleeve
and grooves 36 and 38 are in constant com-
munication through similar passages 40. A
duct 41 in the valve block, communicating
with groove 37, and a duct 42 in the valve
block communicating with groove 38, are
connected by a longitudinal passage 43 in
the valve block, and duct 42 is connected to
a drain pipe 44 through which fluid col-
lected by the grooves 35, 36, 37 and 38 is dis-
charged into a fluid reservoir or sump (not
shown) ordinarily provided in the bottom
of the pump casing.

Both the sleeve 18 and the core 21 of the
valve are rotatable within the stationary block
20, the sleeve being retained in position there-
in by a plate 45 removably fixed to one end
of the block and engaging a peripheral chan-
nel 46 formed about the projecting end of
the sleeve. The core 21 is-similarly retained
in position within the block by a plate 47
removably fixed to the other end of the block
and engaging a channel 48 formed about the
projecting end of the core. .

The by-pass valve is placed under the joint
control of the ram 12 and a timing mechanism
which is designed to operate at definite prede-
termined speeds irrespective of the speed or
load upon the ram. In this instance, the core
91 is mechanicaily connected to and driven
by the ram so that its speed of rotation is
proportional to the speed of the ram, and
the sleeve 18 is -rotated at predetermined
speeds Ly the timing mechanism. ‘

Timing mechanisms for this purpose may
asstune various fornis but that shown com-
prises a pilot element in the form of a con-
stant speed electric motor 49 of standard
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type. The motor is directly connected to the
drive shaft 50 of a double speed reduction
gear set 51 of standard construction. The
gear set shown comprises a pinion 52 fixed
to the drive shaft 50 and meshing with a gear
53. Gear 53 drives a pinion 54 in mesh with
a gear on the driven shaft 55. An appropri-
ate form of variable speed transmission mech-
anism is interposed between the gear set and
the sleeve 18 of the by-pass valve.

This transmission mechanism is shown in
Figures1and 9. Itincludesa variable stroke
crank in the form of a threaded crank arm
56 adjustably fixed in a hollow boss 57 car-
ried by a rigid arm 58 fixed to the end of
the driven shaft 55. The arm 56 is fixed
in any position of adjustment by a pair of
nuts 59 thereon arranged to bear against the
opposite ends of the Tboss 57. The arm 56
carries a crank pin 60 at the outer end thereof.
The arrangement is such that by a length-
wise adjustment of the arm
the crank pin 60 may be positioned any
desired distance from the axis of rotation of
the shaft 55. A pair of links 61 and 62 are
each connected at one end with the crank
pin 60. Link 61 is connected at its other
end to a lever 68 mounted to oscillate upon
o shaft 64 beneath the axis thereof and link
62 is connected at its other end to a lever 65
mounted to oscillate upon the shaft 64 above
the axis thercof. A disk 66 is fixed to the
shaft €4 adjacent the levers 63 and 65. A
dog 67 is rockably supported upon a pivot
pin 68 carried by lever 63 and a similar dog
69 is rockably supported upon a pivot pin
70 carried by lever 65. Each dog is formed
with a cam face 71 yieldably retained in
contact with the periphery of the disk 66
under the influence of a light tension spring
79, connecting the tail 73 of each dog with
its supporting lever. The cam face 71 of
each dog is so shaped as to be clamped into
driving engagement with the periphery of
the disk during each counter-clockwise swing
of the supporting lever and to drag over the
periphery of the disk during each clockwise
swing of the lever. Thus, during rotation
of the crank arm 56 about the axis of shaft
55, the crank pin 60, through the links 61
and 62, causes the levers 63 and 65 to oscil-
late about the axis of shaft 64 through arcs
whose length are dependent upon the position
of adjustment of the arm 56 in the boss 57.
‘As both levers oscillate toward the right dog

-7 forces the disk to rotatein a counter-clock-

wise direction while dog 69 slips about the
periphery -of the disk in 2 clockwise direc-
tion. Then as the levers reverse their swing
50 as to oscillate toward the left, dog 69 comes
into play to again rotate the disk in a counter-
clockiise direction while dog 67 moves about
the periphery of the disk in a clockwise di-
rection. 'The disk is thus rotated in one di-
rection at a rate dependent upon the posi-

56 in the boss 57
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tion of the crank
axis of shaft 55.

The shaft 64 carrying the disk 66 is jour-
naled in an appropriate fixed bracket 74 and
carries a pinion 75 fixed thereto. The pinion
75 meshes with a gear 76 mounted upon a
stub shaft journaled in the bracket 74. A
spring pressed pin 77 mounted in the bracket
T4 bears at all times against the face of the
disk 66 so as to frictionally resist rotation of
the disk except under the influence of the

.dogs 67 and 69. A coupling 78 of standard

form provided on the projecting end of the
sleeve 18 of the valve 15 engaged in driving
relation with the gear 76 so as to cause the
sleeve to rotate therewith. The sleeve of the

valve is thus rotated in a clockwise direction.

(Figures 5 to 8) at a predetermined rate de-
pendent upon the adjustment of the crank
arm 59. :

The core 21 of the valve is provided at its
projecting end with a transverse pin 79 en-
gaged with a coupling element 80 fixed to the
end of a'shaft 81 journaled in a fixed bracket
82. The other end of shaft 81 carries a
pinion 83 in mesh with a gear 84 fixed to a

shaft 85 journaled in fixed bearings 86 and

87. A ratchet wheel 88 is fixed to shaft 85

. adjacent the bearing 87, and a hollow drum
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89 is rotatably mounted on the shaft 85 be-
tween the bearing 86 and wheel 88. A piv-
oted pawl 90 carried by the drum is yieldably
retained in engagement with the teeth of

the wheel 88 by a spring 91. The arrange- -
5 ment is such that when the drum is rotated

in a counter-clockwise direction (Figure 2)
similar rotation is imparted to the shaft 85
through the pawl and ratchet wheel, but the
drum is free to rotate in a clockwise direc-
tion without disturbing the ratchet wheel or
shaft 85, ’

The drum 89 is connected to and operated
by the ram 12 through a cable 92. This
cable is shown connected at one end to a post
93 carried by a split collar 94 fixed to the
ram 12. The other end of the cable is an-
chored to and wrapped about the drum. The

cable 92 is maintained under tension by a

coil spring 95 within the drum. This spring
is anchored at one end to the hub 96 of the
drum and at its other end to a bracket arm
97 fixed to the bearing bracket 86, so that
the spring tends to rotate the drum in a
clockwise direction, (Figure 2), Tt will thus
be understood that as the ram 12 travels to-
ward the right (Figures 1,2 and 3) the drum
89 is rotated in a counter-clockwise direction
under the pull of the cable 92 and against the
tension in the spring 95, at a rate correspond-
ing to the movement of the ram. This rota-

' tion is transmitted through the ratchet wheel

it}

88, shaft 85, gear 84, pinion 83 and shaft 81
to the core 21 of the valve so that the core is
rotated in a clockwise direction at a rate
dependent upon the speed of the ram.

pin 60 with respect to the

'3

In operation, the pump 18 is so adjusted
as to deliver a driving liquid to the pipe 16 at
a rate slightly in excess of that required by
the cylinder to effect movement of the ram
12 toward .the right at the desired-rate of
speed, and the timing mechanism is so ad-
justed as to effect rotation of the sleeve 18

of the valve at a rate equal to the rate of |

rotation of the core 21 at the desired speed
of -the ram. Then as the ram advances to-
ward the right the core 21, actuated thereby

75

and rotating with the sleeve 18, will assume -

an angular position within the sleeve, some-
what as shown in Figure7, in whick the trans-
verse passage 23 in the core is in partial com-
munication with the saw cuts 80 in the sleeve,
thus providing a by-pass for small quantities
of fluid from pipe 34 to pipe 29. So long
as the ram maintains the desired rate of speed
this relation between the core and sleeve is
maintained and the amount of fluid by-passed
through the valve is substantially equal to
the excess of fluid delivered by the pump into
the pipe 16. Should the ram, however, tend
to fall below the desired speed the speed of
rotation of the core will be immediately re-
duced, with. the result that the core will ro-
tate slightly in ‘a counter-clockwise direction
with respect to the sleeve and the communi-
cation between the transverse passage 23 and
saw cuts 30 will be decreased, causing a cor-
responding decrease in the amount of fluid
by-passed through the valve, a resultant in-
crease of fluid delivered to the cylinder, and
consequent increase in the speed of the ram
to normal. ®An increase in speed of the ram
above normal will result in an immediate in.
crease in the rate of rotation of the core, caus-
ing the core to rotate slightly in a clockwise
direction relative to the sleeve and increas-
ing the communication between passage 23
and saw cuts 30. This obviously effects an
increase in the amount of fluid by-passed
through the valve and reduces the speed of
the ram. Tt will thus be noted that the valve
responds immediately to any fluctuations in
the speed of the ram to effect return thereof
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to the rated normal speed. Any marked re- .

duction in the speed of the ram will result in
relative rotation between the core and sleeve
of the valve until the passage 23 no longer

115

communicates with the saw cuts 30, no fluid. .
is by-passed, and the cylinder receives the en-

tire discharge of the pump. With extremely
great increases in the speed of the ram rela-

120

tive rotation between the core and sleeve may |

be such as to effect registration between the
passage 23 and ports 31 in which event the
major portion of the pump discharge may.
pass through the valve. ,

In the embodiment of the invention shown
no attempt is made to govern the speed of
the ram during the return stroke thereof,
toward the left, and provision is preferably
made for rendering the-by-pass valve in-

125

130



10

16

20

30

40

60

4

effective upon the hydraulic circuit during
such movement of the ram. This may be
accomplished by inserting a check valve of
standard form within the by-pass cicruit.
Such a valve is shown inserted in the pipe
line 29. Thus valve comprises the usual cas-
ing 98 having a valve seat 99 cooperating
with a spring loaded valve 100. The valve
permits a free flow of fluid toward the right
1 pipe 29 so that during the advance stroke
of the ram fluid passing through the by-pass
valve is free to pass through pipe 29 to the
pipe 17 constituting the return side of the
circuit. The valve prevents passage of fluid

toward the left through pipe 29, however, so

that, when the pump 1s reversed and delivers
into the pipe 17 to effect a return stroke of
the ram, the fluid under pressure in the pipe
17 is not admitted to the by-pass valve, and
the by-pass valve is. effectively cut out of
the circuit. '
Various changes may be made in the em-
bodiment of the invention hereinabove spe-
cifically described, without departing from
or sacrificing any of the advantages of the
invention as defined in the appended claims.
I claim: : e
1. The combination of a driven member, a

iston and cylinder for driving said mem-:

er, 8 (Fump for delivering a driving liquid
to said cylinder tc effect a rectilinear ad-
vance of said member, a rotary element ac-
tuated in response to the advance of said
member, a pilot member operating at con-
stant speed, a second element, ratchet mech-
anism between said pilot member and said
second element adjustable to operate the lat-
ter at selected speeds, and means under the
joint control of said elements for controlling
the rate of advance of said driven member.

-2. The combination of a driven member, a
piston and cylinder for driving the same,
a pump, hydraulic connections between said
pump and cylinder, a pilot member driven at
constant speed, a by-pass valve associated
with said connections and under the joint
control of said. driven and pilot members to
effect movement of said driven member at a
uniform rate. :

3. In combination a driven member, means
including a hydraulic circuit for driving
said member, a by-pass valve connected
across said circuit, a pilot member driven
at predetermined speeds, and valve operat-
ing means under the.control of said pilot
and driven members for .maintaining a
definite speed relation therebetween.

4. In combination a driven member,. a
pump, means including a hydraulic circuit
actuated by fluid delivered by said pump for

- driving said member, a pilot member driven

at predetérmined speeds, and a by-pass valve
connected with said circuit and under the
joint control of said pilot and driven mem-

1,741,838

bers for controlling the speed of operation
of said driving means.

5. In a hydraulic transmission the combi-
nation of a hydraulic motor, a pump for de-
livering a driving liquid to said motor to op-

_erate the same in either direction, speed

governing mechanism operable to render the
speed of said motor constant in one direction,
and means for rendering said mechanism in-
effective during operation of said motor in
the opposite direction.

6. In a hydraulic transmission the combi-
nation of a hydraulic motor, a pump for de-
livering a driving liquid to said motor to op-
erate the same in either direction, a pilot
member operating at constant speed, means
under the joint control of the pilot member
and motor to maintain a constant speed re-
lation therebetween when said motor is op-
erating in cne direction, and means operable
to render said last named means ineffective
during operation of said motor in the oppo-
site direetion.

7. In combination a driven member, hy-
draulic means for driving said member, and
a by-pass valve associated with said hy-
draulic means: for maintaining the rate of
movement of said member substantially con-
stant, said valve comprising two cooperating
relatively movable elements, means for driv-
ing one of said elements at a predetermined
rate, and means for driving the other of
said elements at a rate corresponding to the
rate of movement of said member.

8. In combination a driven member, hy-
draulic means for driving said member, and
a by-pass valve associated with said hy-
draulic means for maintaining the rate of
movement of said member substantially con-
stant, said valve including two rotary ele-
ments, one comprising a plug having a pas-
sage therein, and the other comprising a

“sleeve for controlling the flow of liquid

through said passage, means for driving one
of said elements at a predetermined speed,
and means for driving the other at a rate
corresponding to the rate of movement of
said member.

9. In combination a driven member, hy-
draulic means for driving said member, and
a by-pass valve associated with said hy-
draulic means for. maintaining the rate of
movement of said member substantially con-

stant, said valve including a plug having.

a passage therein and a sleeve surrounding
said plug and having a narrow slot for con-
trolling said passage, and means responsive
to slight variations in the rate of movement
of said member for effecting a relative ad-
justment between said plug and sleeve.

10. In combination -a driven member, a
valve having two relatively movable ele-.

ments, means for driving one of said ele-
ments at a predetermined rate, means for
varying the rate of movement of said ele-
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ment, means for driving the other of said
elements at a rate corresponding to. the rate
of movement of'said member, and fluid con-
nections controlled by the relative positions
between said elements for: controlling the
rate of movement of said member. _
In witness whereof, I hereunto subseribe:
my name this 13th day of February, 1925
’ WALTER FERRIS:



