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This invention reiates to a multi-position power cylin-
der with control means therefor, and more particularly
to a multi-position power cylinder of the type selectively
operable by fluid pressure to any one of a plurality of
fixed positions.

There are presently on the market a number of well-
known multi-position fluid motors of the type having one
or more cooperating pistons and pressure chambers, one
or more of the pressure chambers being selectively
charged with fluid under pressure to correspondingly posi-
tion a piston rod rigidly connected to one of the pistons
in different positions along a given line.

Some of the power cylinders or fluid motors of the
azbove-mentioned type are very cumbersome, heavy, com-
plicatedly constructed and relatively expensive to build
and maintzin. It is well known that some of these fluid
motors have springs for restoring or returning them to a
so-called neutral position, and others require that fluid
under pressure be supplied to one or more of the pressure
chambers therein to return them to their so-called neutral
position. In the case of the former, the springs are often
large and heavy, and in case of the latter, in the event of
the loss of the supply of the actuating fluid under pressure,
such as air under pressure, restoration of the fluid motor
to its so-called neutral position is impossible.

Accordingly, it is the general object ¢f this invention
to provide a novel, lightweight, inexpensive, and sim-
plified fluid motor of the multi-positicn type having spring
means for automatically returning the fluid motor to its
neutral position upon the loss of the actuating fluid pres-
sure supply, with control means therefor.

The fluid motor of the present invention comprises a
novel spring arramgement operatively connected to a
piston rod attached at one end to a power piston and at
the opposite end to a device to be controlled or operated.
The novel spring arrangemest insures movement of the
device to be controlled by the fluid motor to a certain or
neutral pesition intermediate the other definite positions
to which the device may be operated, upon the loss of,
or in the absence of, the actuating fluid pressure.

More specifically, the fluid motor of the present inven-
tion comprises a power piston io which is cperatively
connected a caged spring means for yieldingly opposing
movement of the power piston in either direction from a
neutral position and a novel arrangement of one or more
piston stcp means to limit the amount of movement of
the power piston from its neciral position tc a number of
definite positions con either side of the neutral position.
Various embodiments of fluid motors are disclosed for
providing different numbers of positicns of the device to
be controlied such as seven, six, five, and three, together
with control means therefor.

In the accompanying drawings:

FiG. 1 is a diagrammatic view, mainly in section, of
a seven-position fiuid motor comnstructed in accordance
with one embodiment of the invention and in a so-called
Neutral position, together with control means therefor.

FIG. 2 is a horizontal cross-sectional view taken along
the line 2—32 of FiG. 1 and locking in the direction of
the arrows, showing further stractural details of a manu-
ally operative control valve device shown in FIG. 1 for
centroliing the operation of the finid motor.

FiG. 3 is a position table to show the chambers in
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the fluid motor shown in FIG. 1 to which fluid under
pressure must be supplied to operate the fluid motor to
corresponding positions.

FIG. 4 is a diagrammatic view, mainly in section, of
a second embodiment of the invention with the fiuid motor
having six positions, shown in a so-cailed Neutral position.

TIG. 5 is a horizontal cross-section view taken along
the line 5—5 of FIG. 4 and locking in the direction of
the arrows, showing certain structural details of the manu-
ally operative control valve device for controlling the
operation of the fiuid motor shown in FIG. 4.

FIG. 6 is a position table to show the chambers in the
fluid motor of FIG. 4 to which fluid under pressure must
be supplied to operate the fluid motor to corresponding
positions.

1G. 7 is a diagrammatic view, mainly in seciton, of
2 third embodiment of the invention with the fiuid motor,
Laving five positions, shown in a so-called Neutral posi-
ticn.

FIG. 8 is a horizontal cross-section view, taken along
the line 8—8 of FIG. 7 and looking in the direction of
the arrows, showing certain structural details of the
manually operative comtrol device for controlling the
operation of the fluid motor shown in FIG. 7.

FIG. 9 is a positicn table to show the chambers in the
fiuid motor shown in FIG. 7 to which fluid under pressure
must be supplied to operate the fluld motor to correspond-
ing positions.

FIG. 10 is 2 diagrammatic view, mainly in section, of
a fourth embodiment of the invention with the fluid motor,
having three positions, shown in a so-called Neutral
position.

FIG. 11 is a hoerizontal cross-section view, taken along
the line 11—11% of FIG. 10 and locking in the direction
of the arrows, showing certain structural details of the
mannally operative control device for controlling the
operation of the fluid motor shown in FIG. 10.

FIG. 12 is a position table to show the chambers in the
fluid motor showa in FIG. 10 to which fiuid under pres-
sure must be suppjlied to operate the fluid motor to
corresponding positions.

Description—Fig. 1

In FIG. 1 of the drawings, there is shown a seven-posi-
tion fluid motor 1 constructed in accordance with one
embodiment of the invention. The fluid motor 1 may
operate a device (not shown) which, for example, may
be a seven-position power transmission of a heavy duty
truck or some type of earth moving machinery. The
device to be operated may be connected to one end of
a pision rod 2 of the fluid motor 1. A manually opera-
tive control valve device 3 is arranged for controlling
supply of fluid under pressure from a reservoir 4, charged
with fluid under pressure by a fluid compressor (not
shown) to the fluid motor 1 and release of fluid under
pressure from the fluid motor to atmosphere for con-
trolling the operation thereof.

The fluid motor 1 comprises a cup-shaped body 5
which has formed at one end a chamber 6 connected
by a bore 7 to a counterbore 8, the open end of which
is closed by a flat plate 9 which rests against a shoulder
8a formed on the body 5 adjacent the open end of the
counterbore 8. The plate 9 is retained in place by an
end cover 19 that is secured to the body 5 by several
cap screws i1 only two of which are shown. Surround-
ing the plate 9 and disposed within a recess in the cover
19 is a gasket ring 12 which is clamped between the
cover 19 and the body 5 to provide a seal in order to
prevent leakage of finid under pressure from within the
counterbore 8.

Slidably mounted in the counterbore 8 are two doubie-
acting piston stop members 13 and 14 and the larger
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of a pair of double-acting telescopically arranged piston
members 15 and 16. Formed integral with the larger
telescopic piston member 15 and on the side thereof
opposite the piston stop .members 13 and 14, is a hollow
sleeve 17 which is slidably mounted in the bore 7 and
in which is slidabiy mounted the smaller telescopic pis-
ton member 16 to constitute a double-acting power pis-
ton for operating the power transmission through the pis-
ton rod 2 which has the end thereof, opposite the end
connected to the power transmission, connected by any
suitable means to the power piston i6. The end of the
sleeve 17 adjacent the piston member i5 is provided
around its periphery with several equally spaced radiaily
arranged holes 18 which serve to provide a fluid pres-
sure communication between a chamber 1% formed be-
tween the piston member 15 interiorly of the sleeve 17
and the power piston 16 and a chamber 2§ formed be-
tween the piston member 15 exteriorly of the sleeve 17
and the inner end of the counterbore 8 in the body 5.
At the opposite ends of the sleeve 17 are siops to limit
movement of the power piston 16, the piston member i5
constituting one of these stops and a snap ring 21, car-
ried by the sleeve 17 adjacent the end thereof opposite
the piston member 15, constituting the other.

In order to limit movement of the piston stop mem-
ber 13 rightward, this piston stop member is provided
with a central bore 22 into which is press-fitted a stem
23 having a collar 24 at the end thereof adjacent the
piston stop member #4. A reduced portion 25 of the
stem 23 extends from the piston stop member 13 in a
direction away from the collar 24 and the stop member
14 through a bore 26 in the plate 9 with a sliding fit
into a chamber 27 formed between the plate 9 and the
cover 10. The reduced portion 25 of the stem 23 on
the side of the plate 9 opposite the piston stop member
13 has an annuiar groove into which is fitted a snap
ring 28 which abuts the plate 9 when the piston mem-
“ber 13 has moved rightward away from the plate 9 a
chosen distance. The piston stop member 13 is pro-
vided on its left-hand side with several stop lugs 29
adapted to contact the right-hand side of plate 9 to limit
movement of the member 13 in a leftward direction.
The piston siop member 13, the wall of counterbore 8
and the plate 9 cooperate to form a first chamber 30 of
variable volume.

Limited movement of the piston stop member i4 with
respect to the piston stop member 13 is provided by means
of a stem 31 which is press-fitted into a central bore 32
in the piston stop member 14. The stem 3% has a collar
33 at the end thereof adjacent the piston member 15
which serves as a stop to limit movement of the piston
member 15 in the direction of the piston stop member
14. A reduced portion 34 of the stem 31 extends from
the piston stop member 14 into a blind bore 35 formed
in the end of the stem 23 adjacent the piston stop mem-
ber 14. The stem 31 is connected to the collar 24 of
the stem 23 by means of a pin 36 which is press-fitted
into the collar 24 and passes through a slot 37 in the por-
tion 34 of the stem. A bore 38 in the end of the por-
tion 34 of the stem 31 prevents a dash-pot action of the
poriion 34 in the blind bore 35. The collar 24 of stem
23, stem 31, piston stop members 13 and 14, and the
wall of the counterbore 8 in the body 5 of the fluid
motor 1 cooperate to form a second chamber 39 of vari-
able volume and to allow limited movement of each
piston stop member with respect to the other as well as
simultancous movement of the two piston stop mem-
bers. The collar 33, piston stop member 14, piston
member 15, and the wail of the bore 8§ in the body 5 co-
operate to form a third chamber 4§ of variable volume.

In order to prevent leakage of fluid under pressure be-
tween the chambers 39, 35, 48, 28, 19 and 6, the ie-
spective piston stop members 13 and 14, the piston mem-

“ber 15, and the power piston 16, are each provided with
a resilient gasket ring 41 having sealing and sliding con-
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tact with the wall of the respective bore in which it op-
erates. A resilient gasket ring 42, similar to the rings
41, is disposed in a counterbore 43 formed in the body 5
and in surrounding relation to the outside periphery of
the hollow sleeve 17 to prevent leakage between the
chambers 20 and 6. The gasket ring 42 is clamped be-
tween the body 5 and a ring 44 having screw-threaded
engagement with the body.

Leakage from the chamber 6 along the piston rod 2,
which extends through a bore 45 in the body 5 to the
exterior thereof, is prevented by a first resilient gasket
ring 46 disposed in surrounding relation to the periphery
of the piston rod and in a counterbore 47 formed in the
body 5 in coaxial relation to the bore 45. This gasket
ring 46 is clamped between the body 5 and a ring 48
having screw-threaded engagement with the body. A sec-
ond gasket ring 46 is disposed between the power pis-
ton 16 and a shoulder formed on the piston rod 2 and
serves to prevent leakage from the chamber 6 along
the piston rod to the chamber 19.

Movement of the power piston 16 in either direction
from a neutral position, in which position it is shown
in FIG. 1 of the drawings, is yieldingly opposed by a
caged spring 49 disposed within a spring cage 50. The
spring cage 59 comprises a spring case 51 and a spring
retainer 52. The spring case 51 comprises a cup-shaped
body having a shoulder 53 and a bore 54 through which
slidably projects the piston rod 2. The spring case 51
is secured to the body 5 by several bolts 55 and nuts
58, the bolts 55 being inserted through corresponding
circumferentially spaced holes in corresponding flanges
57 and 58 formed, respectively, on the body 5 and the
spring case 51. The spring retainer 52 comprises a hol-
low sleeve having an inside diameter of such size as to
permit the sleeve to pass over a cupped-shaped end 59
of the body 5 and an outside diameter less than the in-
side diameter of the spring 49. The hollow sleeve com-
prising the spring retainer 52 has an in-turned flange 6¢
at one end and an out-turned flange 61 at the opposite
end, the outside diameter of which is less than the in-
side diameter of the cup-shaped body comprising the
spring case 5%. The spring cage 50 further comprises an
annular offset spring seazt 62 which rests against the
shoulder 53 on the spring case 51.

The spring 49 is disposed within the spring case 51 be-
tween the spring seat 62 and the flange 61 on the spring
retainer 52. The spring seat 62 and the spring retainer
52 are operatively connected to the piston rod 2 in a
menner now to be described.

The piston rod 2 is provided intermediate its ends
with a shoulder 63 and an annular recess or groove 64.
A first hollow annular plate 65 is mounted on the piston
rod 2 and is retained between the shoulder 63 and a
snap ring 66 inserted in the groove 64. The location of
the shoulder 63 and recess 64 on the piston rod 2 is such
that the left-hand side of the annular plate 65 abuts the
right-hand side of the spring seat 62 when the power
piston 16 and piston rod 2 occupy their neutral position,
in which position they are shown in FIG. 1 of the draw-
ings.

The spring seat 62 and annular plate 65 are respec-
tively provided with several radially-arranged angularly-
spaced corresponding bores 67 and 68 for receiving a
corresponding number of headed pins 69, only one of
which is shown in FIG. 1. The pins 69 extend through
corresponding radially-arranged angularly-spaced bores
78 in a second hollow annular plate 71 which is mounted
on the piston rod 2 and has an anaular flange 72 which,
when the plate 71 occupies the position in which it is
shown in FIG. 1, abuts the flange 6 on the spring re-
tainer 52. Each of the pins 69 is provided with an an-
nular recess or groove 73 adjacent the end opposite the
headed end thereof into which is inserted a snap ring
74. Each of the bores 70 is provided with a coaxially-
related counterbore 75 to form therewith a shoulder 76
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against which may rest the corresponding snap ring 74
to limit movement rightward of the corresponding pin
69 with respect to the annular plate 71 and transmit
rightward movement of the power piston 16 through
piston rod 2, annular plate 65, and headed pins 6% to the
annular plate 71, the annular flange 72 of which in turn
transmits this movement through the flanges 60 and 61
on the spring retainer 52 to the caged spring 49 to com-
press the spring.

Lefiward movement of the power piston 16 is trans-
mitted through the piston rod 2, snap ring 66, annular
plate 65 to the spring seat 62, against which rests one
end of the spring 49, to compress the caged spring 49 as
the power piston 16 moves in this direction.

The control valve device 3 comprises a sectionalized,

casing consisting of a valve seat 77 separated from a pipe
bracket 78 by a gasket 79 of some suitable material
such as rubber, and a body 80 separated from the valve
seat by a second gasket 81. (Contained in a chamber 82
in the body 89 is a rotary valve 83 cooperating with the
valve seat 77, the seat and body being secured together
and to the pipe bracket 78 by any suitable means. The
rotary valve 83 is adapted to be operated by a rotary
stem 86 extending from an upper face 87 thereof through
a bore 88 in the body 80 with a free rotating fit to the
exterior of the body.

The outer end of the stem 86 has a squared portion
89 for receiving a handle 90 which is secured to the
stem by a pin 91. The body 80 is provided with an
upstanding portion 92 having a spindle 93 and a flange
94 through which the stem 86 projects. A cam 35 is
press-fitted on the spindle 93 and rests against the flange
94. As shown in FIG. 2 of the drawings, the periphery
of the cam 95 is provided with seven indents or notches
96, 97, 98, 99, 100, 101 and 102 corresponding to the
seven positions of the handle 90. Slidably mounted in
a counterbore 103 in the handle 90 is a plunger 104.
The plunger 184 is provided with a counterbore 185 and
is yieldingly urged into contact with the periphery of the
cam 95 by a spring 106 interposed between the left-hand
end of counterbore 193 and the right-hand end of counter-
bore 105. Movement of the handle 90 from one posi-
tion to another is resisted by the spring 166 as the right-
hand end of the plunger 104 moves from one indent to
another along the periphery of the cam 95 thereby giving
an operator a sense of “feeling” when the handle reaches
the desired position.

Extending through the pipe bracket 78 and valve seat
77, and opening onto the upper face of the latter, are
six ports and passages 112, 113, 114, 115, 116, 117 and
an atmospheric exhaust port 118. While the rotary valve
83 occupies a so-called Neutral position N, in which posi-
tion it is shown in FIG. 1, a first cavity 119 in the rotary
valve connects the ports and passages 112, 113 and 117,
and a second cavity 120 in the rotary valve connects
the ports and passages 114, 115 and 116 to the atmos-
pheric exhaust port 118. The ports and passages 112,
113, 134, 115 and 116 are each connected by a pipe
bearing the same numeral, respectively, to the cham-
bers 30, 39, 40, 19 and 6 in the fluid motor 1. The
port and passage 117 is connected by a pipe bearing the
same numeral to the reservoir 4.

The rotary valve 83 can be rotated by turning the
handle 90 from the Neutral position N, in which the
rotary valve is shown in FIG. 1, to six other positions,
as indicated in FIG. 2 by the legends F1, F2, F3, F4,
R1 and R2, to control the supply of fluid under pressure
from the reservoir 4 through cavities (not shown) in the
rotary valve to certain of the chambers 30, 39, 40, 19
and 6 in the fluid motor 1 and the release of fluid under
pressure from certain other of these chambers to the
atmosphere to control operation of the power piston 16
of the fluid motor whereby the device, such as the power
transmission of a heavy duty truck, connected to the
power piston 16 through the intermediary of the piston
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rod 2, may be moved from a corresponding Neutral posi-
tion N to six corresponding other positions which are
indicated in FIG. 1 as First Reverse position R1, Second
Reverse position R2, First Forward position F1, Second
Forward position F2, Third Forward position F3 and
Fourth Forward position F4, respectively.

Operation—FIG. 1

In operation, let it be assumed that the storage reser-
voir 4 is charged with fluid to some chosen pressure,
such as one hundred (100) pounds per square inch.
Further, assume that the handle 99 and the rotary valve
83 of the control valve device 3 and the fluid motor 1
occupy their Neutral position N in which position they
are shown in FIG. 1 of the drawings. While in Neu-
tral position N, as shown in FIG. 1, the cavity 119 in
the rotary valve 83 connects the pipe 117 to the pipes
112 and 113, and the cavity 120 in the rotary valve con-
nects the pipes i14, 115 and 11§ to the atmospheric ex-
haust port 118. In this position of rotary valve 83, fluid
under pressure is therefore supplied from the reservoir
4 to the pipes 112 and 113 and thence to the respective
chambers 39 and 39 in the fluid motor 1. Furthermore,
in this position of the rotary valve 83, fluid under pres-
sure is completely vented from the chambers 40, 28, 19
and 6 in the fluid motor I through the respective pipes
114, 115 and 116, cavity 129 in the rotary valve 83,
and exhaust port 118. The position table of FIG. 3
indicates the charged and vented chambers correspond-
ingly for the Neuiral position.

The fluid under pressure supplied to the chambers 30
and 39 acts on the opposite sides of the piston stop mem-
ber 13 and on the left-hand side of the piston stop mem-
ber 14. Since the fluid that is acting on the opposite sides
of piston stop member 13 is at the same pressure, and is
acting in opposite directions, the fluid pressure forces act-
ing on the piston stop member 13 are balanced and ineffec-
tive to move this piston stop member. Since the cham-
ber 48 is now vented to atmosphere through the cavity
120 in the rotary valve 83, the right-hand side of the pis-
ton stop member 14 and the left-hand side of the piston
member 15 are subject only fo atmospheric pressure.
Consequently, the fluid under pressure present in the
chamber 39 and acting on the left-hand side of the piston
stop member 14 moves the piston stop members 13 and
14 and the piston member 15 to the Neutral position N
in which they are shown in FIG. 1 of the drawings
whenever the rotary valve 83 is rotated by the handle 99
to the position in which it is shown in FIG. 1, if the re-
spective piston stop members 13 and 14 and piston mem-
ber 15 occupied a position to the left of the position in
which they are shown in FIG. 1 at the time that the ro-
tary valve is rotated to this position.

Since the chambers 6, 19 and 20 are vented through
the pipes 115 and 116 and the cavity 120 in the rotary
valve 83 to the exhaust port 118 whenever the rotary
valve occupies the Neutral position N in which position
it is shown in FIG. 1, the caged spring 49 is effective at
this time, through the spring cage 50 and the piston rod
2 operatively connected thereto, to maintain the power
piston 16 in its Neutral position N, in which position it is
shown in FIG. 1.  Furthermore, if the piston rod 2 is
connected to operate the power transmission (not shown)
of a truck, the power transmission also will be corre-
spondingly maintained in its Neutral position.

To move the power piston 16 leftward in a series of suc-
cessive steps to successive positions corresponding, for
example, to the First Forward position F1, Second For-
ward position F2, Third Forward position F3 and Fourth
Forward position F4 of the power transmission (not
shown), and without the possibility of overtravel of the
power piston, the operator will first tura the handie 99 in
2 counterclockwise direction, as viewed ia FIG. 2, from
Neutral position N to First Forward position F1. In turn-
ing the handle 90 as just described, the rotary valve 83
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is rotated from the position in which it is shown in FIG.
1 to a position corresponding, for example, to the First
Forward position F1 of the power transmission of the

truck. The rotary valve 83 is so constructed that, with -

the handle 99 now in its First Forward position F1, suit-
able cavities in the rotary valve connect the pipe and pas-
sage 115 to the exhaust port 118 in the valve seat 77 thus
venting the chambers 19 and 29 to atmosphere while con-
necting the fluid pressure supply pipe and passage 117 to
the pipes and passages 112, 113, 114 and 116 to supply
fluid under pressure from the reservoir 4 to the chambers
39, 39, 40 and 6 in the fluid motor 1, as indicated by the
position table of FIG. 3.

The fluid under pressure supplied to the chambers 39,
39 and 40 maintains thé piston stop members 13 and 14,
in the position in which they are shown in FIG. 1, or, in
other words, in the same position they occupied prior to
turning the handle 99 from Neutral position N to First
Forward position F1. The fluid under pressure supplied
to the chamber 48 moves the piston member 15 rightward
until it contacts a stop shoulder 121 at the right-hand
end of the counterbore 8 since the chambers 19 and 20

- are now vented through the rotary valve 83 and exhaust
port 118 as has been explained. The fluid under pressure
supplied to the chamber 6 moves the power piston 16
leftward in the sleeve 17 against the yielding resistance of
the spring 49 until the power piston reaches the left-hand
end of the sleeve and contacts the right-hand side of the
piston member 15. The area of the left-hand side of pis-
ton member 15 is greater than the area of the right-hand
side of power piston 16, less the area of the piston rod 2.
Therefore, the piston member 15 is maintained in con-
tact with the stop shoulder 121 and the power piston 16
is maintained in contact with the right-hand side of the
piston member 15 during the time that the handle 90 re-
mains in First Forward position F1.

As shown in FIG. 1 of the drawings, the power piston
16 is spaced from the right-hand face of the piston mem-
ber 15 a distance equal to twice the distance the piston
member 15 is spaced from the stop shoulder 121. There-
fore, the distance the power piston 16 and piston rod 2
move leftward in traveling from their Neutral position N
in which position they are shown in FIG. 1 to their First
Forward position F1 is equal to the distance the piston
member 35 moves rightward in traveling from the position
in which it is shown in FIG. 1 to the position it occupies
when the right-hand side thereof is in contact with stop
shoulder 12i. As the power piston 16 moves. from the
position in which it is shown in FIG. 1 to the position in
which the left-hand side thereof contacts the right-hand
side of the piston member 15 when the piston member 15
is in contact with the stop shoulder 121, the piston rod 2,
which may be connected to the power transmission of a
truck, will shift the power transmission from its Neutral
positon N to its First Forward position F1.

Iet it now be assumed that the operator turns the han-
dle 99 in a counterclockwise direction, as viewed in FIG.
2, from First Forward position F1 to Second Forward
position F2. As the handle 9§ is turned as just described,
the rotary valve 83 is rotated therewith to a position corre-
sponding to the Second Forward position F2-of rod 2.
With the rotary valve 83 now in a position corresponding
to the Second Forward position F2 of rod 2, suitable cavi-
ties in the rotary valve connect the pipes and passages
114 and 115 to the exhaust port 118 in the valve seat 77
thus venting the chambers 4@, 39 and 20 to atmosphere
while connecting the fluid pressure supply pipe and pas-
sage 117 to the pipes and passages 112, 113 and 116 to
supply fluid under pressure from the reservoir 4 to the
chambers 30, 39 and 6 in the fluid motor 1, as indicated
in the position table of FIG. 3.

The chambers 38, 39 and ¢ were charged with finid
under pressure when the handle 98 and rotary valve 83
occupicd the position corresponding to First Forward posi-
tion F1 of the power transmission and thus remain charged
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with fluid under pressure when the handle and rotary
valve are turned o Second Forward position F2. How-
ever, the chamber 40 which was charged with fluid under
pressure when the handle 99 and rotary valve 83 occupied
their First Forward position F1, is vented to atmosphere
when the handle and rotary valve are turned to the

- Second Forward position ¥2. Therefore, as the pressure

in the chamber 49 between the piston stop member 14
and piston member 15 is reduced by flow to atmosphere,
the fluid under pressure in the chamber 6 dcting on the
right-hand side of the power piston 16 will move the power
piston and the piston member 15 leftward against the
vielding resistance of the spring 49 away from the stop
shoulder 121 until the left-hand side of the piston member
15 contacts the collar 33 on the right-hand end of the
stem 31 carried by the piston stop member 14. Further
movement of the piston member 15 and power piston 16
is prevented since the area of the piston stop member 14
that is subject to the fluid under pressure present in the
chamber 39 is greater than the area of the power piston
16, less the area of the piston rod 2, that is subject to
fluid under pressure in the chamber 8, it being understood
that the degree of pressure acting in chambers 39 and 6
is the same since both are supplied with fluid under pres-
sure from the reservoir 4.

As shown in FIG. 1 of the drawings, the left-hand side
of the piston member 15 contacts the right-hand end of
the collar 33 on the stem 31 and the right-hand side is
spaced away from the stop shoulder 121. Therefore, the
distance the power piston 16, piston member 15 and piston
rod 2 move leftward in traveling from their First For-
ward position F1 to their Second Forward position F2
is equal to the distance the piston member 15 is shown
spaced from the stop shoulder 121 in FIG. 1 of the draw-
ings. As the power piston 16, piston member 15 and
piston rod 2 move from the their First Forward position
F1 to their Second Forward position F2, the power trans-
mission of a truck, if connected to rod 2, will be shifted
from its First Forward position F1 to its Second For-
ward position F2.

To continue the movement of the power piston 16 and
piston member 15 leftward within the counterbore 8 of
the body 5 to shift the rod 2 from its Second Forward
position F2 to its Third Forward position F3, the opera-
tor will turn the handle 99 in a counterclockwise direction
as viewed in FIG. 3, from Second Forward position F2
to Third Forward position F3. As the handle 9¢ is
turned as just described, the rotary valve 83 is rotated
therewith to a corresponding position in which position
suitable cavities in the rotary valve connect the pipes and
passages 113, 114 and 115 to the exhaust port 118 in the
valve seat 77 thus connecting the chambers 39, 46, 19
and 20 to atmosphere while connecting the fluid pressure
supply pipe and passage 117 to the pipes and passages 112
and 116 to supply fluid under pressure from the reservoir
4 to the chambers 38 and 6 in the fluid motor 1, as indi-
cated in the position table of FIG. 3.

The chambers 38 and 6 were charged with fluid under
pressure when the handle 99 and rotary valve 83 occupied
the position corresponding to Second Forward position
F2 of the rod 2 and remain charged with fluid under pres-
sure when the handle and rotary valve are turned to the
position corresponding to the Third Forward position F3
of the rod 2. Howsver, the chamber 39, which was
charged with finid under pressure when the handle 96
and rotary valve 83 occupied their Second Forward posi-
tion F2, is vented to atmosphere when the handle and
rotary valve are turned to their Third Forward position
F3. Consequently, as the pressure in the chamber 3%
between the piston stop members 13 and 14 is reduced

- by flow to atmosphere, the fiuid under pressure supplied

75

to the chamber & and acting on the right-hand side of
the power piston 16 will move the power piston, the piston
member 1% and the piston stop member 14 leftward against
the yielding resistance of spring 4% until piston stop mem-
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ber i4 moves from the position in which it is shown in
FIG. 1 to a position in which the left-hand side thereof
contacts the right-hand end of the collar 24 of the stem
23 carried by the piston stop member 13. Further move-
ment of the pisten stop member 14, piston member 15,
and power piston 16 is prevented since the area of the
piston stop member 13 that is subject to the fluid uader
pressure present in the chamber 39 is greater than the
area of the power piston 16, less the area of the piston
rod 2, that is subject to fluid under pressure in the cham-
ber 6, it being understood thai the degree of fluid under
pressure acting in chambers 3% and 6 is the same.

As shown in FIG. 1 of the drawings, the left-hand end
of the slot 37 in the stem 31 carried by the piston stop
member 24 is in contact with the pin 3§ carried by the
coilar 24 of the stem 23. Therefore, the distance the
piston stop member 14, piston member 15, power piston
16 and piston rod 2 move lefiward in traveiing from their
Second Forward position F2 to their Third Forward posi-
tion F3 is equal to the distance the left-hand side of piston
stop member 14 is shown spaced from the right-hand end
of the collar 24 in FIG. 1 of the drawings. As the piston
stop member 14, pisten member 15, power piston 16 and
piston rod 2 move from their Second Forward positicn
F2 to their Third Forward position F3, a power trans-
mission of a truck, if connected to rod 2, will be shifted
from its Second Forward position F2 to its Third Forward
position F3.

To shift the rod 2 from its Third Forward position ¥3
to its Fourth Forward position F4, the operator will turn
the handie 98 in a counterclockwise direction, as viewed
in FIG. 2 from Third Forward position F3 to Fourth
Forward position F4. As the handle 8¢ is turned as just
described, the rotary vaive 83 is rotated therewith to a
corresponding position in which position suitable cavities
in the rotary valve comnect the pipes and passages 112,
133, 114 and 115 to the exhaust port 118 in the vaive
seat 77 thus connecting the chambers 38, 39, 48, 19 and
28 to atmosphere while connecting the fluid pressure sup-
ply pipe and passage 117 to the pipe and passage 116 to
supply fluid under pressure from the reservoir 4 to only
the chamber 6 in the fluid motor 1. Since the chamber
30, which was charged with fluid under pressure when
the handle 99 and rotary valve 83 occupied their Third
Forward position F3, is now connecied to the exhaust
port 118, the fluid under pressure now being supplied to
the chamber 6 and acting on the right-hand side of the
power piston 1§ will move the power piston, the piston
rod 2, piston member 15 and piston stop members 13 and
14 leftward against the yielding resistance of spring 49
until the piston stop member 13 moves from the position
in which it is shown in FIG. 1 to a position in which the
lugs 29 on the left-hand side thereof comtact the right-
hand side of the plate ¢ to prevent further leftward move-
ment. As the piston stop members 13 and 14, piston
member 15 and power pision 16 move from their Third
Forward position F3 to their Fourth Forward position
F4, the piston rod 2 is correspondingly shifted from its
Third Forward position F3 to its Fourth Forward piston
F4.

With the handle 98 and rotary valve 83 in their re-
spective positions corresponding to the Fourth Forward
position F4 of the piston rod 2, the operator of the truck
may turn the handle successively back through the pre-
vious four forward positions to move the power piston 16
and piston rod 2 in steps back to the Neutral position N
in which they are shown in FIG. 1 of the drawings, or
he may turn the handle 99 from the Fourth Forward po-
sition F4 to any other one of its four forward positions,
or he may turn the handle to either the First Reverse po-
sition R1 or the Second Reverse position R2.

Let it be assumed that the handle 8§ and the rotary
valve 83 of the control valve device 3 and the fluid motor
1 occupy their Neutral position N in which position they
are shown in FIG. 1 of the drawings. Let it be furiher
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assumed that the operator desires to move the power

- piston 16 and piston rod 2 rightwaid in a series of steps

corresponding to First Reverse position R1 and Second
Reverse position B2, To do so, the operator will turn
the handle 90 in a clockwise direction, as viewed in FIG.
2, from Neutral position I to First Reverse position R1.
In turning the handle 8¢ from Neutral position N, in
which position it is shown in FIG. 2, to its First Reverse
position R1, the rotary valve 83 is rotated from the posi-
tion in which it is shown in FIG. 1 to its First Reverse
position R1. With the rotary valve 83 now in its First
Reverse position R1, suitable cavities in the rotary valve
conmect the pipe and passages 114 and 116 to the exhaust
port 118 in the valve seat 77 thus venting the chambers
4% and 6 to atmosphere while connecting the fluid pres-
sure supply pipe and passage 117 to the pipes and pas-
sages 112, 113 and 115 to supply fluid under pressure
from the reservoir 4 to the respective chambers 36, 39,
19 and 28 in the fluid motor 1, as indicated in the posi-
tion table of FIG. 3.

The chambers 38 and 3% were charged with fluid under
pressure when the handle $§ and rotary valve 83 occu-
pied the position corresponding to Neutral position N
and remain charged with fluid under pressure when the
handle and rotary valve are turned to their First Reverse
position R1. Therefore, the piston stop members i3 and
14 remain in the position in which they are shown in
FiG. 1. However, the chambers 19 and 29, which were
vented to atmosphere through the exhaust port 118 when
the handle 98 and rotary valve 83 cccupied their Neutral
position N, are now supplied with fluid under pressure
from the reservoir 4. Consequently, the fluid under pres-
surs in the chambers 19 and 2§ acts respectively on the
right-hand side of the piston member 15 and the left-
hand side of the power piston 16 to maintain the piston
member 15 against the collar 33 and move the power
piston 16 rightward against the yielding resistance of
spring 4%. Movement of the piston member 15 is pre-
vented since the left-hand side of the piston stop member
14 and the right-hand side of the piston member 15 are
of equal area and are subject to the same degree of fluid
pressure, namely the pressure in the reservoir 4. The
fluid under pressure present in the chambers 19 and 20
acts on the left-hand side of the power piston 16 to move
the power piston rightward against the yielding resistance
of the spring 49 until the power piston contacts the snap
ring 21 carried by the sleeve 17. The area of the right-
hand side of piston member 15 is greater than the left-
hand side of the power piston 16. Therefore, the fluid
pressure acting in the chambers 19 and 26 maintains the
piston member 15 in contact with the collar 33 on the
stem 31 and the power piston 18 in contact with the snap
ring 21 during the time that the handle 98 remains in its
First Reverse positicn R1.

Since the piston stop members 13 and 14 and the piston
member 15 are not moved from the Neutral position N in
which they are shown in FIG. 1 of the drawings when
the handle 96 is turned from its Neutral position N to its
First Reverse position R1, the distance that the power
piston 16 moves rightward in traveling from its Neutral
position I¥ to its First Reverse position R1 is equal to the
distance from the right-hand side of the power piston 6
to the snap ring 21 when the power piston and snap ring
occupy the position in which they are shown in FIG. 1.
As the power piston 16 moves from the position in which
it is shown in FIG. 1 to the position in which it contacts
the snap ring 2%, the piston rod 2 correspondingly shifts
from its Neutral position N to its First Reverse posi-
tion R1.

To shift the piston rod 2 from its First Reverse posi-
tion R1, to its Second Reverse position R2, the operator
wiil turn the handle 8 in a clockwise direction, as viewed
in FIG. 2, from its First Reverse position R1 to its Sec-
ond Reverse position R2. In so turning the handle 99,
the rotary valve 83 is rotated to its Second Reverse
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position R2. With the rotary valve 83 in this new posi-
position, suitable cavities therein provide for the con-
tinued supply of fluid under pressure from the reservoir
4 to the chambers 19 and 26 in the fluid motor 1 and
also the supply of fluid under pressure to the chamber
49. The fluid under pressure now supplied to the cham-
ber 40 acts on the left-hand side of the piston member
15 to balance the fluid under pressure present in the
chambers 19 and 28 and acting on the right-hand side of
the piston member 15. With the opposing fluid pressure
forces acting on the piston member I3 thus balanced,
the fluid under pressure present in chamber 19 acts on
the left-hand side of the power piston 16 to move the
power piston 18, sleeve 17 and piston member 15 right-
ward against the yielding resistance of the spring 49
until the right-hand side of the piston member 15 con-
tacts the stop shoulder 121 at the right-hand end of
counterbore 8 in body 5 since the chamber § in the fluid
motor 1 remains connected through a suitable cavity in
rotary valve 83 to the exhaust port 118 when the handle
60 and rotary valve 83 are in the Second Reverse position
R2 as was the case when the handle and rotary valve
occupied their respective First Reverse positions R1.

Since the power piston 16 was moved into contact with
the snap ring 21 when the handle 98 was moved to First
Reverse position R1, the distance that the power piston
16, piston rod 2, piston member 15, sleeve 17 and smap
ring 21 move rightward in traveling from their First
Reverse position R1 to their Second Reverse position
R2 is equal to the distance from the right-hand side of
the piston member 15 to the stop shoulder 121 with the
piston member in its Neutral position N in which it is
shown in FIG. 1 of the drawings. As the power piston
16 and the piston member 15 move from the position
in which the power piston contacts the snap ring 21 and
the piston member 1§ is shown in FIG. 1 of the draw-
ings to the position in which the right-hand side of the
piston member 15 contacts the stop shoulder 121, the
piston rod 2 correspondingly shifts from its First Reverse
position R1 to its Second Reverse position R2.

With the handle 96 in the Second Reverse position R2,
the operator may turn the handle successively back
through the previous two reverse positions to move the
power piston 16 and piston rod 2 in steps back to the
Meutral position N in which they are shown in FIG. 1
of the drawings, or he may turn the handle 98 from the
Second Reverse position R2 to any one of the four for-
ward positions to cause the power piston and the piston
rod 2 to move to a corresponding position.

It may be noted that movement of the power piston
16 either rightward or leftward from the Neutral posi-
tion N by fluid under pressure supplied, respectively, to
either the chamber 19 or the chamber 6 is yieldingly
resisted by the caged spring 49. Upon movement of
the power piston 16 rightward from the Neutral position
N, the shoulder 63 on the piston rod 2 contacts the left-
hand side of the plate 65 so that the plate is moved
rightward simultaneously with the piston rod and power
piston. Since the right-hand side of the plate 65 con-
tacts the left-hand end of the heads on the pins §9, these
pins in turn transmit movement through the snap rings
74 to the plate 71. The flange 72 on the plate 7% trans-
mits movement of the plate 71 to the inturned flange 6%
of spring retainer 52. Since ome end of the spring 49
rests upon the out-turned flange 61 of the spring retainer
82, any rightward movement of the spring retainer from
the position in which it is shown in FIG. 1 of the draw-
ings will be yieldingly resisted by the spring 49. Con-
sequently, if the pipe 115 is broken or the pressure in
chamber 18 is lost for any cther reasom, the spring 439
will return the power piston 16 and the piston rod 2 to
their respective Neutral positions M.

Upon movement of the power piston 16 leftward from
the Neutral position N, the snap ring 66 carried in the
groove 64 on the piston rod 2 contacts the right-hand

12
side of the annilar plate 65 which in turn contacts the
right-hand side of the spring seat 62 so that the spring
seat is moved leftward simultaneously with the power

" piston 16 and piston rod 2. Since the right-hand end
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of the spring 49 rests on the spring seat 62, any leftward
movement of the spring seat from the position in which
it is shown in FIG. 1 of the drawings will be yieldingly
resisted by the spring 49. Therefore, if the pipe 116 is
broken or the pressure in chamber § is lost for any other
reason, the spring 49 will return the power piston 1§
and the piston rod 2 to their respective Neutral posi-
tions N.

In view of the above, it is apparent that the single
caged spring 49 acts to return the power piston 16 and
the piston rod 2 to their Neuiral positions N upon the
loss of the fluid pressure supply or the rupture of either
of the pipes 115 and 116 when charged with fluid under
pressure from the reservoir 4. Thus with the fluid motor
employed to actuate a truck transmission, the transmis-
sion will be automatically restored to its Neutral position
N upon loss of fluid pressure for any reason.

Description—FIG. 4

In FIG. 4 of the drawings, a six-position fluid motor
122 is shown and comprises one double-acting piston
stop member and a pair of double-acting telescopically-
arranged piston members, the smaller of which constitutes
a double-acting power piston for operating, for example,
a six-position power transmission. The six-position fluid
motor 122 is similar in part and functions in substan-
tially the same manner as the fluid motor 1 shown in
FI1G. 1 of the drawings. Accordingly, like reference
numerals have been used to designate the structure shown
in FIG. 4 which is identical with that shown in FIG. 1
and already described. Only such features of the struc-
ture and operation of the embodiment of FIG. 4 which
differ from that of the embodiment of FIG. 1 will be
hereinafter described.

According to the embodiment of the invention shown
in FIG. 4, the fluid motor 122 comprises a cup-shaped
body 123 which is similar to the body 5 shown in FIG. 1
except that it is shorter. A counterbore 124 in body 123,
which corresponds to the counterbore 8 in the body 5, is
thus correspondingly shorter than the counterbore 8. The
open end of the counterbore 124 is closed by a cover
125 that is secured to the body 123 by several cap screws
11, only two of which are shown. A gasket 126 is clamped
between the cover 125 and the body 123 to provide a seal
in order to prevent leakage of fluid under pressure from
within the counterbore 124.

Slidably mounted in the counterbore 124 is a double-
acting piston stop member 127 and the double-acting
telescopically-arranged piston members 15 and 16, the
piston member 16 constituting the power piston of the
fluid motor 122 for operating a device, such as a six-
position power transmission, through the piston rod 2.

In order to limit movement of the piston stop member
127 rightward, this piston stop member is provided on the
side thereof adjacent the cover 125 with a blind bore
128. A headed pin 129 is press-fitted into a bore 130
in the cover 125 and extends with a sliding fit into the
blind bore 128 in the piston stop member 127. The
pin 129 is provided with a transverse slot 131 through
which passes a pin 132 which is press-fitted into the left-
hand side of a hub 133 formed on the piston stop mem-
ber 127. A bore 134 in the end of the pin 129 prevents
a dash-pot action in the blind bore 128.

The piston stop member 127, cover 125, and the wall
of the counterbore 124 in the body 123 of the fluid motor
122 cooperate to form the chamber 30, and the piston
stop member 127, piston member 15 and the wall of the
counterbore 124 cooperate to form the chamber 49 in
the fluid motor 122.

In order to prevent leakage of fluid under pressure be-
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tiveen the chambers 39 and 49, the piston stop member
127 is provided with a resilient gasket ring 41.

A manually operative ccutrol valve device 3 corre-
sponding to that used for controlling supply of fluid under
pressure from the reservoir 4 to the fluid motor 1 shown
in FIG. 1 of the drawings and the rélease of fluid under
pressure from the fluid motor 1 to atrosphere for con-
trolling the operation thereof may be used for controlling
the operation of the fluid motor 122. However, since
the fluid motor 122 has no chamber corresponding to the
chamber 39 in the fluid motor 1, the port and passage 113
in the pipe bracket 78 must be ciosed by a plug or other

unitable means, and the pipe 113 is of course omitted.
The ports and passages 112, 114, 115, and 1166 in the
pipe bracket 78 are connected by the pipes bearing the
same numerals, respectively, to the chambers 39, 40, 19
and § in the fluid motor 122. The port and passage 117
is connected by the pipe bearing the same numeral to the
reservoir 4.

Furthermore, since the fluid motor 122 has only six
positions, the seven detent cam 95 (FIG. 2) of the con-
trol valve device 3 is replaced by a cam 135 (see FIG. 5)
having six detents or notches 136, 137, 138, 139, 149
and 141, .

Operation—FIG. 4

In operation, let it be assumed that the storage reser-
voir 4 is charged with fluid to some chosen pressure,
such as one hundred (100) pounds per square inch. Fur-
ther assume that the handle 9¢ and the rotary valve
83 of the control valve device 3, and the fluid motor 122
occupy their Neutral position N in which position they
are shown respectively in FIGS. 4 and 5 of the drawings.
While in Neutral position N, the cavity 119 in the rotary
valve 83 connects the pipe 117 to the pipe 112 and the
cavity 126 in the rotary valve connects the pipes 114, 115
and 116 to the atmospheric exhaust port 118. In this posi-
tion of the rotary valve 83, fluid under pressure is there-
fore supplied from the reservoir 4 to the pipe 112 and
thence to the chamber 30 in the fluid motor 122. Further-
more, in this position of the rotary valve 83, fiuid under
pressure is completely vented from the chambers 40, 29,
19 and 6 in the fluid motor 122 through the respective
pipes 114, 115 and 116, cavity 120 in the rotary valve
83, and exhaust port 118.

The fluid under pressure supplied to the chamber 30
acts on the left-hand side of the piston stop member 127.
Since the chamber 40 is now vented to atmosphere through
the cavity 128 in the rotary valve 83, the right-hand side
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of the piston stop member 127 is subject only to atmos- .

pheric pressure. Consequently, the fluid under pressure
present in the chamber 30 and acting on the left-hand side
of the piston stop member 127 moves this piston stop
member and the piston member 15 to the neutral posi-
tion N, in which position they are shown in FIG. 4 of
the drawings, whenever the rotary valve 83 is rotated by
the handle 96 to the Neutral position N if the respective
piston stop member 127 and the piston member 15 oc-
cupied a position to the left of the position in which they
are shown in FIG. 4 at the time the rotary valve 83 is
rotated to this position.

Since the chambers 6, 19 and 20 are now vented, the
caged spring 49 is effective at this time, as explained in
connection with the fluid motor 1, to maintain the power
piston 1§ and the piston rod 2 in their respective Neutral
positions N.

To move the power piston 16 and the piston rod 2 left-
ward in a series of successive steps corresponding to the
selected First Forward position F1, Second Forward posi-
tion ¥2, and Third Forward position F3 positions, and
without the possibility of overtravel of the power piston,
the operator will first turn the handle 9¢ of the control
valve device 3 in a counterclockwise direction, as viewed
in PIG. 5, from Neutral position N to First Forward
position F1. In turning the handie 90 as just described,
the rotary valve 83 is correspondingly rotated from the
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position in which it is shown in FIG. 1 f0 a second posi-
tion corresponding to the First Forward positior F1 of
the piston rod 2. With the handle 90 and rotary valve 83
now in their First Forward positions F1, the cavities in
the rotary valve connect the pipe and passage 115 to the
exhaust port 118 in the valve seat 77, thus venting the
chambers 19 and 20 to atmosphere Wwhilé connecting
the fluid pressure supply pipe and passage 117 to the
pipes and passages 112, 114 and 116 to supply fluid under
pressure from the reservoir 4 to the respective chambers
34, 40 and 6 in the fluid motor 122. The position table of
FIG. 6 indicates this condition for the First Forward
position F1 of the power piston.

With fluid under pressure supplied to the chambers
3¢ and 46 on opposite sides of the piston stop member
127, the fluid pressure forces on the piston member are
balanced and consequently the piston member remains
in the position in which it is shown in FIG. 4, ox in other
words, in the same position it occupied prior to turning
the handie 9¢ from Neutral position N to First Forward
position F1. The fluid under pressure supplied to the
chamber 46, however, moves the piston member 15 right-
ward until it contacts stop shoulder 121 at the right-
hand end of counterbore 124 since the chambers 19 and
20 are now vented to atmosphere. The fluid under pres-
sure supplied to the chamber 6 moves the power piston
16 leftward in the sleeve 17 against the yieldihig resist-
anace of the spring 49 until the power piston contacts the
right-hand side of the piston member 15.

As the power piston 16 moves from the position in
which it is shown in FIG. 4 to the position in which the
left-hand side thereof contacts the right-hand side of
the piston member 15 when the piston member 15 is in
contact with the stop shoulder 121, the piston rod % shifts
from its Neuiral position N to its First Forward position
F1.

To shift the piston rod 2 from its First Forward posi-
tion F1 to its Second Forward position F2, the opera-
tor will turn the handle 90 in a counterclockwise direc-
tion, as viewed in FIG. 5, from First Forward position
F1 to Second Forward position F2. Since the rotary
valve 83 is turned correspondingly with the handle 90,
the cavities in the rotary valve now consect the pipes
and passages 114 and 115 to the exhaust port 118 thus
venting the chambers 40, 20 and 12 to atmosphere while
comnecting the fluid pressure supply pipe and passage 117
to the pipes and passages 112 and 116, respectively, to
supply fluid under pressure from the reservoir 4 to the
chambers 30 and 6 in the fluid motor 122. This pres-
surization of chambers 30 and & is indicated in the posi-
tion table of FIG. 6.

The chambers 30 and 6 were charged with fluid under
pressure when the handle 99 and rotary valve 83 occupied
their First Forward position F1, and remain charged with
fluid under pressure when the handle and rotary valve
are turned to their Second Forward positions F2. How-
ever, the chamber 43 which was charged with fluid under
pressure when the handle $0 and rotary valve 83 oc-
cupied their First Forward positions F1, is vented to at-
mosphere when the handle and rotary valve are turned
to their Second Forward positions F2. Therefore, as
‘the pressure in the chamber 48 between the piston siop
member 127 and piston member 15 is reduced by flow

to atmosphere, the fluid under pressure in the chamber

6 acting on the right-hand side of the power piston 16
will move the power piston and the piston member 15
leftward against the yielding resistance of the spring 49
away from the stop shoulder 121 until the left-hand side
of the piston member 15 contacts the right-hand side of
the hub 133 on the piston stop member 127. Further
movement of the piston member 15 and power piston 16
is prevented since the area of the piston stocp member
127 that is subject to the fluid under pressure present in
the chamber 38 is greater than the area of the power
piston 16, less the area of the piston rod 2, that i3 sub-
ject to fluid Grider pressuie in the chamber 6, it being
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understod that the unit presstire acting in chamber 36 and
6 is the same since both are supplied with fluid under
pressure from the reservoir 4.

As shown in FIG. 4 of the drawings, the left-hand
side of the piston member 15 contacts the right-hand
side of the hub 133 on the piston stop member 127 and
the right-hand side is spaced away from the stop shoul-
der 121. Therefore, the distance the power piston 16,
piston member 15 and piston rod 2 move leftward in
traveling from their First Forward positions F1 to their
Second Forward positions F2 is equal to the distance
the piston member 15 is shown spaced from the stop
shoulder 121 in FIG. 4 of the drawings. As the power
piston 16 and piston member 15 move from their First
Forward positions F1 to their Second Forward positions
F?2, the piston rod 2 is shifted from its First Forward posi-
tion F1 to its Second Forward position F2.

To continue the movement of the power piston 16 and
piston member 15 leftward within the counterbore 124 of
the body 123 from their Second Forward positions F2 to
their Third Forward positions F3, the operator will turn
the handle 90 in a counterclockwise direction as viewed
in FIG. 5, from Second Forward position F2 to Third
Forward position F3. As the handle 90 is thus turned,
the rotary valve 83 is rotated therewith to a correspond-
ing position in which position suitable cavities in the
rotary valve connect the pipes and passages 112, 114 and
115 to the exhaust port 118 in the valve seat 77 thus
connecting the chambers 30, 40, 19 and 26 to atmos-
phere while connecting the fluid pressure supply pipe and
passage 117 to the pipe and passage 116 to supply fluid
under pressure from the reservoir 4 to only the chamber
6 in the fluid motor 122. This pressurization of cham-
ber 6 oaly is indicated in the position table of FIG. 6.

Since the chamber 30, which was charged with fluid
under pressure when the handle 90 and rotary valve 83
occupied the position corresponding to Second Forward
position F2 is now connected to the exhaust port 118 in
the valve seat 77, the fluid under pressure now being sup-
plied to the chamber 6 and acting on the right-hand side
of the power piston 16 will move the power piston, the
piston rod 2, piston member 15 and piston stop member
127 leftward against the yielding resistance of spring 49
until the piston stop member 127 moves from the posi-
tion in which it is shown in FIG. 4 to a position in which

the pin 132 carried by the hub 133 contacts the left-hand -

end of the slot 13% in the pin 129 to prevent further
leftward movement of stop member 127. As the piston
member 15 and power piston 16 move from their Second
Forward position F2 to their Third Forward position
F3, the operating piston rod 2 correspondingly is shifted
from its Second Forward position F2 to its Third Forward
position F3, thus correspondingly operating the device
with which it is connected.

With the handle 90 and rotary valve 83 in their re-
spective Third Forward positions F3, the operator may
turn the handle successively back through the previous
three forward positions to move the power piston 16 and
piston rod 2 in steps back to the Neutral position N in
- which they are shown in FIG. 4 of the drawings, or he

may turn the handle 90 from the Third Forward position
F3 to any other one of its three forward positions, or he
may turn the handle to either the First Reverse position
R1 or the Second Reverse position R2,

Let it be assumed that the handle 90 and the rotary
valve 83 of the control valve device 3 and the fluid motor
122 occupy their Neutral positions N in which position
they are shown in the drawings. Let it be further as-
sumed that the operator desires to move the power piston
16 rightward in a series of steps corresponding to selected
First Reverse position R1 and Second Reverse position

_R2. ‘To do so, the operator will turn the handle 98 in a
clockwise direction, as viewed in FIG. 5, from Neutral
position N to First' Reverse position R1. In turning the
handle 990 from Neutral position N to its First Reverse
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position R1, the rotary valve 83 is correspondingly ro-
tated to its First Reverse position R1. With the rotary
valve 83 now in its First Reverse position R1, suitable
cavities in the rotary valve connect the pipe and passages
114 and 116 to the exhaust port 118 in the valve seat 77

. thus venting the chambers 40 and 6 to atmosphere while

connecting the fluid pressure supply pipe and passage 117
to the pipes and passages 1i2 and 115 to supply fluid
under pressure from the reservoir 4 to the respective
chambers 30, 19 and 20 in the fluid motor 122. This
pressurization of chambers is indicated in the position
table of FIG. 6.

The chamber 30 was charged with fiuid under pressure
when the handle 9¢ and rotary valve 83 occupied the
position corresponding to Neutral position N and remains
charged with fluid under pressure when the handle and
rotary valve are turned to their First Reverse positions
R1. Therefore, the piston stop member 127 remains in
the position in which it is shown in FIG. 4. However,
the chambers 19 and 29, which were vented to atmos-
phere through the exhaust port 118 when the handle 90
and rotary valve 83 occupied their Neutral positions N,
are now supplied with fluid under pressure from the res-
ervoir 4. Consequently, the fluid under pressure in the
chambers 19 and 20 acts respectively on the right-hand
side of the piston member 15 and the left-hand side of
the power piston 16 to maintain the piston member 15
against the right-hand side of the hub 133 on the piston
member 127 and moves the power piston 16 rightward
against the yielding resistance of spring 49. Movement
of the piston member 15 is prevented since the left-hand
side of the piston stop member 127 and the right-hand
side of the piston member 15 are of equal area and are
subject to the same degree of fluid pressure, namely the
pressure in the reservoir 4. The fluid under pressure
present in the chambers 19 and 20 acts on the left-hand
side of the power piston 16 to move the power piston
rightward against the yielding resistance of the spring
49 until the power piston contacts the snap ring 21 carried
by the sleeve 17. The area of the right-hand side of
piston member 15 is greater than the area of the left-
hand side of the power piston 16, less the area of piston
rod 2. Therefore, the fluid under pressure acting in the
chambers 19 and 20 maintains the piston member 15 in
contact with the right-hand side of the hub 133 on the
piston stop member 127 and the power piston 16 in con-
tact with the snap ring 21 during the time that the handle
90 remains in First Reverse position R1.

Since the piston stop member 127 and the piston mem-
ber 15 are not moved from the Neutral position N when
the handle 99 is turned from its Neutral position N to its
First Reverse position R1, the distance that the-power
piston 16 and the piston rod 2 move rightward in travel-
ing from their Neutral position N, in which they are
shown in FIG. 4, to First Reverse position R1, is equal to
the distance from the right-hand side of the power piston
16 to the snap ring 21 when the power piston and snap
ring occupy the position in which they are shown in FIG.
4. As the power piston 16 moves from the position in
which it is shown in FIG. 4 to the position in which it
contacts the snap ring 21, the piston rod 2 correspond-
ingly shifts from its Neutral position N to its First Re-
verse position R1.

To shift the piston rod 2 from its First Reverse posi-
tion R1 to its Second Reverse position R2, the operator
will turn the handle 99 in a clockwise direction, as viewed
in FIG. 5, from First Reverse position R1 to Second Re-
verse position R2. In so turning the handle 98, the ro-
tary valve 83 is rotated to its Second Reverse position R2.
With the rotary valve 83 in this position, suitable cavi-
ties thercin provide for the continued supply of fluid
under pressure from the reservoir 4 to the chambers. 19
and 20 in the fluid motor 1 and also the supply of fluid
under pressure to the chamber 40. The fluid under pres-
sure now supplied to the chamber 40 acts on the left-
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hand side of the piston member 15 to balance the fluid
under pressure present in the chambers 19 and 20 and
acting on the right-hand si2 of the piston member 15.
With the fluid pressure forces acting in opposite direc-
tions on the piston member 15 thus balanced, the fluid
under pressure present in chambers 19 and 2§ acts on
the left-hand side of the power piston 16 to move the
power piston 16, sleeve 17 and piston member 15 right-
ward against the yielding resistance of the spring 49 until
the right-hand side of the piston member 15 contacts the
stop shoulder 121 at the right-hand end of counterbore
124 in body 123 since the chamber 6 in the fluid motor 1
remains connected through a suitable cavity in rotary
valve 83 to the exhaust port 118 when the handle 90 and
rotary valve 83 are turned to their Second Reverse posi-
tion R2 as was the case when the handle and rotary valve
occupied the First Reverse position R1.

Since the power piston 16 was moved into contact with
the snap ring 21 when the handle 90 was moved to First
Reverse position R1, the distance that the power piston
16, piston rod 2, piston member 15, sleeve 17 and snap
ring 21 moved rightward in traveling from their First
Reverse position R1 to their Second Reverse position R2
is equal to the distance from the right-hand side of the
piston member 15 to the stop shoulder 121 when the pis-
ton member occupies the Neutral position N in which
position it is shown in FIG. 4 of the drawings. As the
power piston 16 and the piston member 15 move from
the position in which the power piston contacts the snap
ring 21 and in which the piston member 15 is shown in
FIG. 4 of the drawings to the position in which the right-
hand side of the piston member 15 contacts the stop
shoulder 121, the piston rod 2 shifts from its First Reverse
position R1 to its Second Reverse position R2.

With the handle 98 in the Second Reverse position R2
the operator may turn the handle successively back through
the previous two reverse positions to move the power
piston 16 and piston rod 2 in steps back to their Neutral
position N in which they are shown in FIG. 4 of the draw-
ings, or he may turn the handle 80 from the Second Re-
verse position R2 to any one of the three forward posi-
tions to cause the power piston and the piston rod 2 to
move to corresponding positions,

Tt may be noted that movement of the power piston 16
in either direction from the Neutral position N in which
it is shown in FIG. 4 of the drawings is resisted by the
caged spring 49 in the manner explained in connection
with the fluid motor 1 shown in FIG. 1. Consequently,
upon the loss of the fluid pressure supply or rupture of
either of the pipes 115 or 116 when charged with fluid
under pressure, the spring 49 will return the power piston
16 and the piston rod to Neutral position.

Description—FIG.7

In FIG. 7 of the drawings, a five-position fluid motor
143 is shown constructed in accordance with a third em-
bodiment of the invention and comprises a pair of double-
acting telescopically-arranged piston members, the smaller
of which constitutes a double-acting power piston for oper-
ating, for example, a five-position power transmission.
The five-position fluid motor 143 is similar to the six-posi-
tion fluid motor 122 shown in FIG. 4 of the drawings ex-
cept the double-acting piston stop member 127 is omitted
and a simplified body and end cover is used, this being
made possible by the omission of the piston stop member.
The- five-position flnid motor 143 functions in a manner
similar to the fluid motors 1 and 122 shown, respectively,
in FIGS. 1 and 4 of the drawings. Accordingly, like ref-
erence numerals have been used to designate the structure
shown in FIG. 7 which is identical with that shown in
FIGS. 1 and 4 and already described. Only such features
of the structure and operation of the embodiment of FIG:
7 which differ from that of the embodiment of FIGS. 1
and 4 will be hereinafter described.

According to the embodiment of the invention shown
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in FIG. 7, the fluid motor 143 comprises a cup-shaped
body 144 which corresponds to the bodies 5 and 123
shown respectlvely in FIGS. 1 and 4 except that it is
shorter so that the length of a counterbore 145 therem
which corresponds to the counterbores 8 and 124 in the
bodies 5 and 123, respectively, is less than ‘that of the last-
mentioned counterbores. The open end of the counter-
bore 145 is closed by a cover 146 that is secured to the
body 144 by several cap screws 11. The gasket 126 is
clamped between the cover 146 and the body 144 to pro-
vide a seal in order to prevent leakage of fluid under pres-
sure from within the counterbore 145.

The double-acting teles»oplcally-ananged plston mem-
bers 15 and 16, used in the fluid motors 1 and 122, are
sl’idably\mbu.nted in the counterbore 145, the piston mem-
ber 16 constituting the power piston of the fluid motor
143 for operating any device, such as a five-position power
transmission, through the piston rod 2.

The piston member 15, cover 146 and the wall of the
counterbore 145 in the body 144 of the fluid motor 143
cooperate to form the chamber 49.

A 'manually operative control valve device 3 correspond-
ing to that used for controlling the supply of fluid under
pressure from the reservoir 4 to the fluid motors 1 and
122, shown respectively, in FIGS. 1 and 4 of the draw-
ings, and the release of fluid under pressure from these
fluid motors to atmosphere for controiling the operation
théreof may be used for controlling the operation of the
fluid motor 143, However, since the fluid motor 143 has
no chembers corresponding to the chambers 3¢ and 39 in
the floid motor 1, the ports and passages 112 and 113 in
the pipe bracket 78 must be closed by plugs, or other suit-
able means, and the pipes 112 and 113 are, of course,
omitted. The ports and passages 114, 115 and 116 in the
pipe bracket 78 are connected by the pipes bearing the
same numerals, respectively, to the chambers 40, 20 and
6 in the fluid motor 143. The port and passage 117 is
connected by the pipe bearing the same numeral to the
reservoir 4,

Furthermore, since the fluid motor 143 has only five
positions, the seven detent cam 95 (FIG. 2) of the control
device 3 must be replaced by a cam 147 (see FIG. 8) hav-
ing five-detents or notches 148, 149, 150, 151 and 152.

Operation—FIG.7

In operation, let it be assumed that the storage reservoir
4 is charged with fluid to some chosen pressure, such as
one hundred (100) pounds per square inch. Further
assume that the handle $6 and the rotary valve 83 of the
control valve-device 3, and the fluid motor 143 occupy
their Neutral position N, in which position they are shown
in FIGS. 7 and 8 of the drawings. While in Neéutral po-
sition N, the cavity 120 in the rotary valve connects the
pipes 114, 115 and 116 to the atmospheric exhaust port
118.

Since the chambers 40, 6, 19 and 2@ zre now vented, the
caged spring 49 is effective at this time, as explained in
connection with the fluid motor 1, to maintain the power
piston 1§ and the piston rod 2 in their Neutral position N,
in which position the power piston is shown in FIG. 7.

To move the power piston 16 leftward in a series of
successive steps corresponding to the selected First For-
ward position F1 and Second Forward position F2 of the
piston rod 2, and without the possibility of overtravel of
the power piston, the operator of the truck will first turn
the handle 98-of the control valve device 3 in a counter-
clockwise direction, as viewed in FIG. 8, from Neutral
position N to First Forward position F1. In thus turning
the handle 9@, the rotary valve 83 is rotated from the po-
sition in which it is shown in FIG. 1 to its First Forward
position F1. With the handle 90 and rotary valve 83 now
in their First Forward position F1, the cavities in the ro-
tary valve connect the pipe and passage 115 to the exhaust
port 118 in the valve seat 77 thus continuing to vent the
chambers 19 and 26 to atmosphere while connecting the
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fluid pressure supply pipe and passage 117 to the pipes and
passages 114 and 116 to supply fluid under pressure from
the reservoir 4 to the respective chambers 40 and 6 in the
fluid motor 143, as indicated in the position table of
FIG. 9.

The fluid under pressure supplied to the chamber 49
moves the piston member 15 rightward until it contacts
stop shoulder 121 at the right-hand end of counterbore
145 since the chambers 19 and 20 are now vented to at-
mosphere. The fluid under pressure supplied to the cham-
ber 6 moves the power piston 16 leftward in the sleeve 17
against the yielding resistance of the spring 49 until the
power piston contacts the right-hand side of the piston
member 15.

As the power piston 16 moves from the position in
which it is shown in FIG. 7 to the position in which the
left-hand side thereof contacts the right-hand side of the
piston member 15 when the piston member 15 is in con-
tact with the stop shoulder 121, the piston rod 2 is
correspondingly shifted from its Neutral position N to
its First Forward position F1.

To shift the piston rod 2 from its First Forward posi-
tion F1 to its Second Forward position F2, the operator
will turn the handle 90 in a counterclockwise direction,
as viewed in FIG. 8, from First Forward position F1 to
Second Forward position F2. Since the rotary valve 83
is turned to its corresponding Second Forward position F2
simultaneously with the handle 98, the cavities in the
rotary valve now connect the pipes and passages 114 and
115 to the exhaust port 118 thus venting the chambers
49, 20 and 18 to atmosphere while connecting the fluid
pressure supply pipe and passage 117 to the pipe and
passage 116 to supply fluid under pressure from the reser-
voir 4 to only the chamber 6 in the fluid motor 143, as
indicated in the position table of FIG. S.

The chamber 40 which was charged with fluid under
pressure when the handie 9¢ occupied the position corre-
sponding to First Forward position F1, is vented to atmos-
phere when the handle and rotary valve are turned to
the Second Forward position F2. Therefore, as the pres-
sure in the chamber 46 between piston member 15 and
cover 146 is reduced by flow to atmosphere, the fluid
under pressure in the chamber 6 acting on the right-hand
side of the power piston 16 will move the power piston
and the piston member 15 leftward agaianst the yielding
resistance of the spring 49 away from the stop shoulder
121 until the left-hand side of the piston member 15 con-
tacts the cover 146.

As shown in FIG. 7 of the drawings, the left-hand side
of the piston member 15 contacts the cover 146. There-
fore, the distance the power piston 16, piston member
15 and piston rod 2 move leftward in traveling from
their First Forward position F1 to their Second Forward
position F2 is equal to the distance the piston member 15
is shown spaced away from the stop shoulder 121 in
FIG. 7. As the power piston 16 and piston member 15
move from their First Forward position F1 to their Sec-
ond Forward position F2, the operating piston rod 2 is
shifted from its First Forward position F1 to its Second
Forward position F2.

With the handle 9¢ and the rotary valve 83 in their
respective Second Forward positions F2, the operator may
turn the handle successively back through the previous
two forward positions to move the power piston 16 and
piston rod 2 in steps back to the Neutral position N in
which they are shown in FIG. 7 of the drawings, or he
may turn the handle 90 from its Second Forward posi-
tion F2 to either the First Reverse position R1 or the
Second Reverse position R2.

Let it be assumed that the handle 9¢ and the rotary
valve 83 of the control valve device 3 and the fluid motor
143 occupy their Neutral position N, in which position
they are shown in FIG. 7 of the drawings. Let it be
further assumed that the operator desires to move the
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ing to selected First Reverse position R1 and Second Re-
verse position R2. To do so, the operator will turn the
handle 26 in a clockwise direction, as viewed in FIG. 8,
from Neutral position N to First Reverse position R1.
In turning the handie %0 from its Neutral position N, to
its First Reverse position R1, the rotary valve 83 is cor-
respondingly rotated to its First Reverse position R1.
With the rotary valve 83 now in its First Reverse posi-
tion R1, suitable cavities in the rotary valve connect the
pipe and passages 114 and 11§ to the exhaust port 118
in the valve seat 77 thus venting the chambers 40 and 6
to atmosphere while connecting the fluid pressure sup-

ply pipe and passage 117 to the pipe and passage 115.

to supply fluid under pressure from the reservoir 4 to
chamber 2@ and thus also chamber 19 in the fluid motor
143.

The chambers 19 and 20 were vented to atmosphere
through the exhaust port 118 when the handle 99 and
rotary valve occupied their corresponding Neutral posi-
tions N. Consequently, the fluid under pressure now sup-
plied to the chambers 19 and 2¢ acts respectively, on the
right-hand side of the piston member 15 and the left-hand
side of the power piston 16 to maintain the piston member
15 against the cover 146 and move the power piston 16
rightward against the yiclding resistance of spring 49 until
the power piston contacts the snap ring 21 carried by
the sleeve 17. The fluid under pressure now acting in
the chambers 1% and 2¢ will maintain the piston member
15 in contact with cover 146 and the power piston 16
in contact with the snap ring 21 as long as the handle $0
remains in its First Reverse position R1.

Since the piston member 15 is not moved from the
Neutral position N in which it is shown in FIG. 7 when
the handle 96 is turned from its Neutral position N to its
First Reverse position R1, the distance that the power
piston 16 and the piston rod 2 move rightward in travel-
ing from their Neutral position N to their First Reverse
position R1 is equal to the distance from the right-hand
side of the power piston 16 to the snap ring 21 when the
power piston and snap ring occupy the position in which
they are shown in FIG. 7. As the power piston 16
moves from the position in which it is shown in FIG. 7
to the position in which it contacts the snap ring 21, the
piston rod 2 shifts correspondingly from its Neutral posi-
tion N to its First Reverse position R1.

To shift the piston rod 2 from its First Reverse posi-
tion R1 to its Second Reverse position R2, the operator
will turn the handle 9% in a clockwise direction, as
viewed in FIG. 7 from First Reverse position R1 to Sec-
ond Reverse position R2. In so turning the handie 99,

* the rotary valve 83 is rotated to its corresponding Sec-
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ond Reverse position R2. With the rotary valve 83 in this
position, suitable cavities therein provide for the con-
tinued supply of fluid under pressure from the reservoir
4 to the chambers 19 and 2@ in the fluid motor 1 and

" also the supply of fluid under pressure to the chamber 49,
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power piston 16 rightward in a series of steps correspond- 75

as indicated in the position table of FIG. 9.

The operation of the fluid motor 143 in moving from
its First Reverse position R1 to its Second Reverse posi-
tion R2 is identical with the operation of the fluid motor
122 in moving from its First Reverse position R1 to its
Second Reverse position R2. Therefore, a detailed de-
scription of this operation of the fluid motor 143 is not
deemed necessary of repetition.

With the handle 99 in the Second Reverse position R2,
the operator may turn the handle successively back
through the previous two reverse positions to move the
power piston 16 and piston rod 2 in steps back to the
Neutral position N in which they are shown in FIG. 7 of
the drawings, or he may turn the handle 99 from the
Second Reverse position R2 to any one of the two forward
positions to cause the power piston and the piston rod 2
to move to corresponding positions.

It may be noted that movement of the power piston 16
in either direction from the Neutral position N, in which

-
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it is shown in FIG. 7 of the drawings, is resisted by the
caged spring 49 in the manner explained in connection
with the fluid motor 1 showa in FIG. 1. Conseguently,
upon the loss of the fluid pressure supply or rupture of
either of the pipes 115 or 116 when charged with fluid
under pressure, the spring 49 will return the power piston
16 and the piston rod 2 to Neutral position N.

Description—FIG. 10

In FIG. 10 of the drawings, a three-position fluid motor
153 is shown construcied in accordance with a fourth em-
bodiment of the invention. The fluid motor 153 comprises
a double-acting power piston for cperating, for example, a
three-position power transmission, and a caged spring for
normally biasing the power piston to a so-called MNeutral
position N.

According to the embodiment of the invention shown in
FIG. 10, the fluid motor 153 comprises a cup-shaped body
154 baving a blind bore 155 and a coexially related
counterbore 154 cooperating with the blind bore to form
a shoulder 157. The open end of the counterbore 156
is closed by a cover 158 which has a bore 159 through
which projects a piston rod 16¢. The cover 1538 is se-
cured to the body 154 by several cap screws 161, only
two of which are shown. A gasket 162 is clamped be-
tween the cover 158 and the body 154 to provide a seal
in order to prevent leakage of fluid under pressure from
within the counterbore 156.

A power piston 163 is slidably mounted in the blind
bore i35 in the body 154. One end of the piston rod
169 is connected to the power piston 163 and the opposite
end, which extends through the bore 159 in thé cover
158 to the exterior of the finid motor 153, may be con-
nected, for example, to a three-position power transmis-
sion or other device to be controlied or operated.

Movement of the power piston 163 in either direction
from Neutral position N, in which position it is shown in
FIG. 10 of the drawings, is yieldingly opposed by a caged
spring 164 surrounding the piston rod 168 and disposed
between a spring retainer 165 and a spring seat 166. The
spring reiainer 165 comprises & hollow sleeve having an
inside diameter greater than the outside diameter of the
spring 164. The hollow sleeve comprising the spring re-
tainer 165 has, at one end, an in-turned flange 167 which
rests against the piston rod side of the piston 163 and, at
the opposite end, an out-turned flange 168, the outside
diameter of which is less than the diameter of counter-
bore 156 to permit this fiange to normally rest against
the shoulder i157. The spring seat 164 also comprises
a short hollow sleeve having an inside diameter greater
than the diameter of the piston rod 169. The holiow
sleeve comprising the spring seat 166 has, at cne end,
an in-turned flange 169, which is normally biased by
the spring 164 against a shoulder 178 formed on the
piston rod 168 and, at the opposite end an oui-turned
flangs 171, the cutside diameter of which is less than
the diameter of counterbore 156 to permit this flange to
rest against the cover 153.

The power piston 163 cooperates with the body 154
and the cover 158 to form two presstire chambers 172 and
173 on the opposite sides; respectively, of the power
piston.

In order to prevent leakage of fluid under pressure be-
tween the chambers 172 and 173, the power piston 163 is
provided with a resilient gaskset ring 174 having sealing
and sliding contact with the wall of the blind bore 135
in which the power piston operates.

Leakage from the chamber 173 aloung the piston rod
169, which extends through the bore 159 in cover 158 to
the exterior thereof, is prevented by a first gasket ring
175 disposed in surrcunding reiation to the periphery of
the piston rod and in a counterbore 176 formed in the
cover 158 in coaxial relation to the bore 15%. This
gasket 175 is clamped between the cover 158 and a screw
collar 177 having screw-threaded engagement with the
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cover. A second gasket ring 178 is disposed between the
power piston 163 and a shoulder formed on the piston
rod 160 and serves to prevent leakage from the chamber
173 along the piston rod to the chamber 172.

A meanually operative control valve device 3 ‘cor-
responding to that used for controlling the supply of fluid
under pressure from the reservoir 4 to the fluid motor 1
shown in FIG. 1, the fluid motor 122 shown in FIG. 4,
and the fluid motor 143 showa in FIG. 7 of the drawings,
and the release of fluid under pressure from these fluid
motors t0 atmosphere for controlling the operation there-
of, may be used for controlling the operation of the fluid
motor 153. However, since the fluid motor 153 has no
chambers corresponding to the chambers 39, 39, 40 and
19 in the fluid motor 1, the ports and passages 112, 113
and 124 in the pipe bracket 78 must be closed, as by
plugs or other suitable means, and the pipes 112, 113 and
114 are, of course, omitted. The ports and passages 115
and 116 are connected by the pipes bearing the same
numerals, respectively, to the chambers 172 and 173 in
the fluid motor 153. The port and passage 117 is con-
nected by the pipe bearing the same numeral to the reser-
voir 4.

Furthermore, since the fluid motor 153 has only three
positions, the seven detent cam 95 (FIG. 2) of the con-
trol valve device used with the fluid motor 1 shown in
FIG. 1 must be replaced by a cam 179 (see FIG. 11) hav-
ing three detents or notches 189, 181, and 182. Except
for the cam 179, the manually operative control valve
device 3 used with the fluid motor 153 is identical with the
control valve device used with the fluid motor 1 shown in
FIG. 1. Accordingly, like reference numerals have been
used to designate the control valve device structure shown
in FIG. 10 which is identical with that shown in FIG. 1
and already described.

Operation—FIG. 10

In operation, let it be assumed that the storage reser-
voir 4 is charged with fluid to some chosen pressure,
such as one hundred (100) pounds per square inch.
Further assume that the handle 90 and the rotary valve
83 of the control valve device 3 and the fluid motor 153
occupy their Neutral position N, in which position they
are shown in FIG. 10 of the drawings. While in Neu-
tral position N, the cavity 12¢ in the rotary valve 83
connects the pipes 115 and 116 to the atmospheric ex-
haust port 118 to completely vent fluid under pressiire
from the chambers 172 and 173 in the fluid motor 153.
With fluid under pressure completely venied from the
chambers 172 and 173, the spring 164 is effective, through
the spring retainer 165, to bias the power piston 163
to its Neutral position N, in which position it is shown
in FIG. 10 of the drawings.

To move the power piston 163 leftward to its First
Forward position F1, and without overtravel of the pow-
er piston, the operator will tura the handle 99 of the
control valve device 3 in a counterclockwise direction, as
viewed in FIG. 11, from Neutral position N to First For-
ward position F1. In thus turning the handle 99, the
rotary valve 83 is turned from its Neutral position N to
its First Forward position F1. With the handle 98 and
rotary valve 83 now in their First Forward positicn F1,
the cavities in the rotary valve connect the pipe and pas-
sage 115 to the exhaust port 118 in the valve seat 77
thus venting the chamber 172 to atmosphere while con-
necting the fluid pressure supply pipe and passage 117 to
the pipe and passage 116 to supply fluid under pres-
sure from the reservoir 4 to the chamber 173 in the fluid
motor 153.

The fluid under pressure thus supplied to the cham-
ber 173 moves the power piston 1§3 lefiward in the blind
bore 135 against the yielding resistance of the spring
i64 until the out-turned flange 171 on the spring seat
166 contacts the out-turned flange 168 on the spring re-
tainer 165, it being noted that, as the power piston i63



3,035,549

23
moves from the position in which it is shown in FIG.
10, this movement of the power piston is transmitted
through the shoulder 178 on the piston rod 168 to the
spring seat 166 upon which rests one end of the spring
164.

As the power piston 163 moves from the position in
which it is shown in FIG. 10 to the position in which the
out-turned flange 171 on the spring seat 166 contacts
the out-turned flange 168 on the spring retainer 165, the
piston rod 169 shifts from its Neutral position N to its
First Forward position F1.

With the handle 90 and the rotary valve 83 in their
First Forward position F1, the operator may turn the
handle back to its Neutral position N, or he may turn
the handle from its First Forward position F1 to its First
Reverse position R1.

Let it be assumed that the handle 9¢ and the rotary
valve 83 of the control valve device 3 and the fluid mo-
tor 153 occupy their Neutral position N, in which posi-
tion they are shown in FIG. 10 of the drawings. Let
it be further assumed that the operator desires to move
the power piston 163 rightward to its First Reverse po-
sition R1. To do so, the operator will turn the handle
90 in a clockwise direction, as viewed in FIG. 11, from
Neutral position N to First Reverse position R1.

In turning the handle 99 as just described, the rotary
valve 83 is turned from its Neutral position N to its
First Reverse position R1. With the handle €6 and ro-
tary valve 83 mow in their First Reverse position R1,
the cavities in the rotary vaive connect the pipe and
passage 116 to the exhaust port 118 in the valve seat 77
thus venting the chamber 173 to atmosphere while con-
necting the fluid pressure supply pipe and passage 117
to the pipe and passage 115 to supply fluid under pres-
sure from the reservoir 4 to the chamber 172 in the fluid
motor 153, as indicated in the position table of FIG. 12.

The fluid under pressure thus applied to the chamber
172 moves the power piston 163 rightward in the blind
bore 155 against the yielding resistance of the spring
164 until the out-turned flange 168 on the spring retain-
er 165 contacts the out-turned flange 171 on the spring
seat 166, it being noted that, as the power piston 163
moves from the position in which it is shown in FIG.
10, this movement is transmitted through the in-turned
flange 167 on the spring retainer 165 to the spring 164
to compress the spring.

As the power piston 163 moves from the position in
which it is shown in FIG. 10 to the position in which the
out-turned flange 168 on the spring retainer 165 contacts
the out-turned flange 171 on the spring seat 166, the
piston rod 160 shifts from its Neutral position N to its
First Reverse position R1.

With the handle 90 and the rotary valve 83 in their
First Reverse position R1, the operator may turn the
handle back to its Neutral position N, or to the First
Forward position F1 to cause the power piston 163 to
move to a corresponding position.

Having now described the invention, what I claim as
new and desire to secure by Letters Patent is:

1. A fluid motor comprising a casing having two co-
axially related bores, two double-acting pistons of equal
diameter slidably mounted in one of said bores, two
double-acting telescopically-arranged piston members the
larger of which is slidably mounted in said one bore and
carries, on the side thereof opposite said two double-
acting pisions, a hollow sleeve that is slidably mounted
in the other of said bores, in which sleeve the smaller of
said telescopic piston members is slidably mounted, a
first pair of stops for said two equal diameter double-
acting pistons, one of said first pair of stops comprising
a hollow rod secured to one of said pistons and extend-
ing to one side thereof and having means thereon coop-
erating with the casing for limiting movement of said
one piston with respect to said casing and the other of
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at one end to the other of said pistons and connected
at the other end through a lost-motion connection to
said hollow rod, and a second pair of stops for said two
double-acting piston members, one of said second pair
of stops being on said casing at onc end of said one
bore for limiting movement of the larger of said piston
members and the other of said second pair of stops being
on said sleeve for limiting movement of the smaller of
said piston members away from the larger piston mem-
bers, said pistons and piston members cooperating re-
spectively with said first and said second pairs of stops
to provide a series of axially spaced definite positions
for said smaller piston members.

2. A fluid motor comprising a casing having two co-
axially related bores, two double-acting pistons of equal
diameter slidably mounted in one of said bores, two dou-
ble-acting telescopically-arranged piston members the
larger of which is slidably mounted in said one bore and
carries, on the side thereof opposite said two double-act-
ing pistons, a hollow sleeve, slidably mounted in the other
of said bores, in which sleeve the smailer of said tele-
scopic piston members is slidably mounted, a pressure
head, said pressure head, said casing, said sleeve, said
pistons and said piston members cooperating together to
form a pressure chamber to the right and to the left of

each piston and piston member, a plurality of port means

in said casing each opening into one of said pressure
chambers and adapted to be connected at one time to a
supply of fluid under pressure and to be connected at an-
other time to atmosphere to cause movement of said pis-
tons and piston members in one direction or in an oppo-
site direction, two stops for said two double-acting pistons
of equal diameter, one of said stops comprising a holiow
rod secured to one of said pistons and extending to one

5 side thereof and having means thereon cooperating with

the casing for limiting movement of said one piston with
respect to said casing and the other of said stops compris-
ing a rod rigidly secured at one end to the other of said
pistons and connected at the other end through a lost-
motion connecticn to said hollow rod, and two stops for
said two double-acting piston members one of said two
last-mentioned stops being on said casing at one end of
said one bore for limiting movement of the larger of said
piston members and the other of said last-mentioned stops
being on said sleeve for limiting movement of the smaller
of said piston members with respect to the larger piston
member, said pistons and piston members cooperating
with said stops to provide a series of axially spaced defi-
nite positions to which said smaller piston member may
be moved by fluid under pressure supplied through one or
more of said port means to one or more of said pressure
chambers.

3. In combination, a fluid motor comprising a sec-
tionalized casing having two coaxially related bores, two
double-acting piston stop members of equal diameter slid-
ably mounted in one of said bores, two double-acting
telescopically-arranged piston members the larger of
which is slidably mounted in said one bore and carries,
on the side thereof opposite said two double-acting pis-
tons, a hollow sleeve, slidably mounted in the other of
said bores, in which sleeve the smaller of said telescopic
piston members is slidably mounted, a first fluid pressure
communication extending from one side of said power
piston through the wall of said sleeve and casing to the
exterior of said casing, a second fluid pressure communi-
cation extending from the other side of said power piston
through the open end of said sleeve and the wall of said
casing to the exterior of said casing, a third fluid pres-
sure communication extending from the side of said larger
piston member opposite said sleeve and the side of one
of said two double-acting piston stop members adjacent
said larger piston member through the wall of said casing
to the exterior thereof, a fourth fluid pressure communi-
cation extending from the adjacent sides of said two
double-acting piston stop members through the wall of
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said casing to the exterior thereof, a fifth fluid pressure
communication extending from- the side of the other of
said two double-acting pistci:-stop members opposite said
adjacent side through the wall of said casing to the ex-
terior thereof, a stop member carried by said casing for
said larger piston member for limiting movement thereof
in one direction, another stop member carried on said
sleeve for limiting movement of the smaller of said tele-
scopic piston members in a direction away from said
larger telescopic piston member, two stop means for said
two double-acting piston stop members of equal diameter,
one of said two stop means operabie to limit movement
of ome of said two double-acting piston stop members
with respect to said casing and the other of said two stop
means operavle to limit movement of the other of said
two double-acting piston stop members with respect to
said one double-acting- piston stop member, a manuaily
operative control valve device operative to a plurality of
positions, a pipe connecting each of said fluid pressure
communications to said control valve device for convey-
ing fluid under pressure from said control valve device to
the sides of said piston stop members and said smaller tele-
scopic piston member and releasing fluid under pressure
from said sides to effect movement of said piston mem-
bers to a degree limited by said stop means and to effect
movement in one direction of said smaller telescopic
piston member into contact with said another stop mem-
ber carried on the interior of said sleeve and in the op-
posite direction into contact with the larger of said pis-
ton members.

4. A fluid motor comprising a casing having two co-
axially related bores, a double-acting piston member
slidably mounted in one of said bores and carrving, on
one side thereof, a hollow sleeve that is slidably mounted
in the other of said bores, a double-acting power piston
slidably mounted in said sleeve, a piston rod rigidiy con-
nected to said power piston, two stops formed on said
casing in spaced relation for contact by said double-acting
piston member upon movement thereof in said one bore
in opposite directions and serving to define two different
positions of said double-acting-piston member, two stops
on said sleeve in spaced relation for contact by said power
piston for limiting movement of said power piston in
opposite directions with respect to said double-acting pis-
ton member, a spring, caging means for said spring, and
means connecting said piston rod to said caging means
whereby said spring yieldingly opposes movement of said
power piston in said sleeve in either direction from a
certain position intermediate the two stops on said sleeve
to which the power piston is biased when free from fluid
pressure forces.

5. A fluid motor comprising a casing having two co-
axially related bores, a double-acting piston slidably
mounted in one of said bores, a double-acting piston
member slidably mounted in said one bore and pro-
vided, on the side thereof opposite said double-acting
piston, with a hollow sleeve that is slidably mounted
in the other of said bores, a double-acting power piston
slidably mounted in said sleeve, a piston rod rigidly con-
nected to said power piston, a stop for said double-act-
ing piston to limit movement of said piston in the direc-
tion of said double-acting piston member, said stop com-
prising a rod rigidly secured at cne end to said casing
and connected at the other end through a lost-motion
connecticn to szid double-acting piston, two stops on said
sleeve for limiting movement of said power piston with
respect to said double-acting piston member, a spring,
caging means for said spring, and means connecting said
piston rod to said caging means whereby said spring
vieldingly opposes movement of said power piston in
said sleeve in either direction from a certain position
intermediate the two stops on said sleeve to which said
power pisten is biased when free from fluid pressure
forces.

6. In combination, a fluid motor comprising a casing
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having two coaxially related bores, two double-acting
telescopically-arranged piston members the larger of
which is slidably mounted in one of said bores and car-
ries, on one sidé thereof, a hollow sleeve that is slid-
ably mounted in the other of said bores, in which sleeve
the smaller of said telescopic piston members-is slidably
mounted, movable stop means for variably limiting move-
ment of said larger piston member in one direction, and
a plurality of fluid pressure responsive double-acting pis-
tons of equal diameter slidably-mounted in said one bore
for varying the position of said stop means, one of said
pistons having a losi-motion - connection  with -said cas-
ing and the other of said pistons having a lost-motion
connection with an adjacent -one of said pistons, and a
single contrcl means for selectively controlling the sup-
ply of fluid under pressure to said telescopically-arranged
piston members to:effect movement thereof and to said
double-acting pistons of equal diameter to correspond-
ingly vary the position of said movable stop means,
whereby the smaller of said  telescopically-arranged pis-
ton members may be moved selectively to a selected one
of a plurality of positions.

7. A fluid motor comprising'a casing having two co-
axially related bores, two double-acting telescopically-
arranged piston members the larger of which is slidably
mounted in one of said bores and carries, on one side
thereof, a hollow sleeve that is slidably mounted in the
other of said bores, in which sleeve the smalier of said
telescopic piston members is slidably mounted, a piston
rod -connected to said smaller telescopic piston member,
a spring disposed in surrounding relation to said piston
rod, caging means for said spring, and means connect-
ing said piston rod to said caging means whereby said
spring yieldingly opposes movement of said smaller tele-
scopic piston' member in said sleeve in either direction
from a certain neutral position.

8. A fluid motor comprising a casing having two co-
axially related bores, two double-acting telescopically-
arranged piston members the larger of which is slidably
mounted in one of said bores and carries, on one side
thereof, a hollow sleeve that is slidably mounted in the
other of said bores, in which sleeve the smaller of said
telescopic piston members is slidably mounted, a piston
rod rigidly connected to said smaller telescopic piston
member, a plurality of fluid pressure responsive double-
acting pistons cf equal diameter slidably mounted in said
one bore, one of said pistons having a lost-motion con-
nection with said casing and the other of said pistons
having a lost-motion connection with an adjacent one of
said pistons whereby said pistons are variably movable
in the direction of said larger double-acting telescopically-
arranged piston member to limit the degree of move-
ment of said larger piston member in the opposite di-
rection in accordance with the position of said plurality
of pistons in said one bore, a fixed stop means carried
by said casing for limiting the movement of said larger
telescopic piston member in a direction away from said
plurality of interconnected pistons, two stops on said
sleeve in spaced relation for contact by said smaller
telescopic piston member for limiting movement of said
smaller telescopic piston member in opposite directions
with respect to said larger telescopic piston member, a
spring, caging means for said spring, and means connect-
ing said piston rod to said caging means whereby said
spring yieldingly opposes movement of said smaller tele-
scopic piston member in said sleeve in either direction
from a certain position intermediate said two stops on
said sleeve to which said smaller telescopic piston mem-
ber is biased when free of fluid pressure forces.

9. A fluid motor comprising a casing having two co-
axially related bores of different diameters respectively,
two double-acting telescopically-arranged piston members
the larger of which is slidably mounted in the one of
said bores of larger diameter and carries, on one side
thereof, a hollow sleeve that is slidably mounted in the
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other of said bores of smaller diameter, in which sleeve
the smaller of said telescopic piston members is slidably
mounted, a movable stop means for limiting movement of
the larger of said telescopic piston members in one di-
rection, piston means slidably mounted in said one bore
of larger diameter for conmtrolling the position of said
movable stop means, a fixed stop means carried by said
casing for limiting movement of the larger of said tele-
scopic piston members in the opposite direction, and two
stops on said sleeve for respectively limiting movement
of the smaller of said piston members in said ome di-
rection and in said opposite direction with respect to said
larger telescopic piston member.

10. A fluid motor as claimed in claim 9, further char-
acterized by having a piston rod connected to the small-
er of said piston members, a spring disposed in sur-
rounding relation to said piston rod, caging means for
said spring, and means connecting said piston rod to said
caged means whereby said spring yieldingly opposes
movement of the smaller of said piston members in said
sleeve in either direction from a certain position inter-
mediate the two stops on said sleeve to which said small-
€r piston member is biased when free of flnid pressure
forces.

11. A fluid motor comprising a casing having twe coaxi-
ally related bores, two double-acting telescopically-ar-
ranged piston members the larger of which is slidably
mounted in one of said bores and carries, on one side
thereof, a hollow sleeve that is slidably mounted in the
other of said bores, in which sleeve the smaller of said
telescopic piston members is slidably mounted, two stops
for the larger of said piston members each formed on
said casing, two stops on the sleeve for limiting movement
of said power piston with respect to the larger of said
telescopic piston members, a piston rod rigidly connected
to the smaller of said piston members, a spring disposed
in surrounding relation to said piston rod, caging means
for said spring, said caging means comprising two mova-
ble spring seats operably connected to said piston rod
to move alternatively therewith upon movement of said
piston rod in one direction or in the opposite direction,
one of said spring seats adapted to rest upon said casing
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upon movement of the other by movement of said piston
rod in said one direction and the other of said spring
seats adapted to rest upon said casing upon movement of
said one spring seat by movement of said piston rod in
the opposite direction.

12. A fluid motor as claimed in claim 11, further
characterized in having means to limit outward move-
ment of said spring seats with respect to each other.

13. A fluid motor comprising a casing having a bore
and a coaxial counterbore with a shoulder therebetween
formed on said casing, a pair of pressure heads one of
which closes said bore at the end opposite the shoulder
and the other of which is removably secured to said
casing at the end of said counterbore opposite said shoul-
der, a double-acting power piston slidably mounted in
said bore, a piston rod having a shoulder intermediate
the ends thereof, said piston rod being connected to
said double-acting power piston and projecting slidably
through said other presure head, a spring disposed in
said bore in concentric relation to said piston rod, and
caging means cooperating with said spring and com-
prising two hollow cylindrical members, each having an
inturned flange at one end and an outturned flange at
the opposite end, the inturned flanges having abutting
contact respectively with one face of said double-acting
power piston and said shoulder on said piston rod, and
the corresponding outturned flanges having abutting con-
tact respectively with said shoulder on said casing and
said other pressure head, said flanges cooperating with
said double-acting power piston, said piston rod, said
other pressure head, and said casing to render said
spring effective to yieldingly oppose movement in said
bore of said double-acting power piston in either direc-
tion from a neutral position.
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