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Thi_is ‘nyention relates to hydraulic valves
generally, and more particularly to hydraulic

_valves for use in fluid pressure systems including -

one or more hydraulically operated motors of
various types to provide a hydraulic driving sys-
tem gs a substitute for the conventional forms of
tool operating machinery, for changing Speed
and type or direction of motions between prime
mover and tool. The subject of this invention, a
new hydraulic valve, makes it possible to operate
tools ‘by a means of a hydraulic high pressure
power system at the rate of hundreds of cycles
per minude where conventional hydraulic power
systems including conventional valves can oper-
ate them at only a few cycles per minute. It is

also an object of this invention to provide a valve

with a hydraulic balancing means of universal

nature that does not interfere with the require- -

ment of port size spacing or positioning.

Another object of this invention is to provide
a hydraulic valve.capable of converting a high
speed motion of confinuous rotation such as
that provided by conventional prime movers into
a motion of continuous oscillation. Another ob-
ject of this invention is to provide a hydraulic
valve for use in & high fluid pressure hydraulic
power system which can be always in hydraulic
balance to eliminate binding: between moving
parts and consequent failure of such system.

A still further object of this invention is to
provide a hydraulic valve capable of providing a
high rate of flow reversal in a number of high
pressure hydraulic circuits, each of which includes
means for operating a tool or other instrumen-
tality. Such a valve should provide any desired
time relation in and between the several circuits.

Further objects and advantages of this inven-
tion will be apparent to those skilled in the art
after consideration of the following specification
taken in conjunction with the accompanying
drawings wherein;

Fig. 8 is a side elevation of the valve shown in

Fig.T;

10

Fig. 9 is a cross section on line 9—8 of Fig. 7;

Pig. 10 is a cross section on line 10—10 of
Fig. 9;

Fig.
Fig.9:

Fig.
Fig.9;

Fig. 13 is a Cross section on line 13—I(3 of
Fig.9;

Fig. 14 is a front elevation of the rotor, parts'

11 is a cross section on line Il—ff of

12 is a cross section on line 12—I(2 of

" of which are shown in Fig. 9;
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Fig. 15 is an end view of the rotor looking from
line 15—15 in Fig. 14; :
. Pig. 16 is a cross section taken on line 16—I16

of Fig. 14; -

Fig. 17 is another end view of the rotor taken
from line 17—{7 of Fig. 14;

Fig. 18 is a cross section of Fig. 14 on line
i8—18; -

Fig. 19 is a diagram illustrating the ﬂow
reversals with respect to the degrees of rotation
of the valve shown in Figs. 7 to 18;

Fig. 20 illustrates the application of the valve

~shown in Figs. 7 to 18 to a hydraulic system for
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Fig. 1.is an end view of a hydraulic valve in-- '

cluding the subject-matter of this invention;-

Fig. 2 is & side elevation of the valve shown in

Fig. 1
Fig. 3 is a cross section taken on line 3—3 of
Flg. 2;

Fig. 4 is a cross section taken on line 4—4 of'

" Pig.1; -
Fig. 5 is an elevation from the front of the
rotor shown in cross section in Fig, 4;
Pig. 6 is an end view of the rotor shown in
PFigs. 4 and 5 and taken on line 6—8 of Fig. 5;
Fig. 7 is an end view of a modification of the
valve comprising this invention;
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operating tools;

Fig. 21 is a cross section of the casing of a valve
embodying the principles of this invention, the
ports being spaced apart at an angle other than
ninety degrees;

PFig. 22 is an end view of the high-pressure end
of the rotor adapted for use in the casing of Fig.
21; and

F1g 23 is an end view of the ]ow-pressure end
of the rotor shown in Fig. 22..

Figs. 1 to 6 of the drawings illustrate a basic
form of hydraulic valve embodying the inven-
tion. ‘The valve consists of an outer casing | pro-
vided with a supply pressure inlet port 2 having a
suitable pipe connection 4 which may be con-
nected to a source of fluid pressure such as a
pump. Casing { also is provided with the fluid
power connections 6, T, 8 and 9, these connections
being connected to a power converting mecha-
nism, as for-instance, & piston and cylinder for
converting the fluid pressure into a desired useful
motion or work. The return outlet 10 is provided
for connection to the return line of the pressure
source, as will be explained in more detail later
on in the description. :

Casing | is sealed at the left hand end by
means of the head 13 and gasket {4 secured by
bolts 15 or in any suitable fashion. The other end
of the casing 1 is closed by a head {7 and gasket




{8 secured by bolts 18, together with a st

" box Including & nut 20 and the packing 2f. The

interior of the casing. includes port- passages:23,

24, 26 and 26, these port passages connecting with = - A
TR . 5 the clrcumference of the rotor and passages 283,

the outlets 6, 7,8 and 9. © - PR
" The-valving action of the mechanism is accom-

plished by & rotor, shown in Figs. 4, 5 and 6, which

- includes & drive shaft 30 extending through the
stuffing box 26 and 2{, sealing discs 81 and 32,
together with the main portion: 33 of the rotor
which actually accomplishes fhe valving action.
Chamber 84 is an inlet chamber into which inlet

port 2 opens and chamber 38 is an outlet.chamber -

into which. outlet port 18 opens. The main ele-
ment 33-of the rotor is a solid cylindrical member
having the cutout channels 37, 38, 39 and 40,
channels 87 and 39 permitting the passage of
fluid under pressure from the inlet 2 and the inlet
chamber 84 to the port passages 28, 24, 25 and 26
in the casing {, and channels 88 and 40 permit-
ting the passage of fluid from the passages 23, 24,
25 and 26 to outlet chamber 35. The rotor 33 may
be provided with bore 42 connecting the space
to the left of disc 32 with the outlet chamber 35
of the valve, this being provided for preventing
pressure from building up in the space between
the head {3 and disc 82 as might be caused by
leakagé of fluid under pressure from chamber
34,  Thus, there can be no end thrust at either
end of the rotor member. Disc 2{ need not be the
full diameter of the casing bore and both discs 34
and 32 may be closely fitted to elements 13 and {8
to prevent end play. It should be noted that the

cylindrical surfaces of the rotor 83 are fitted to 2 -
clese fit to the interior of casing | so that there 3

will be no flow of fluid except as permitted by
the channels and passages. :

One of the principal features 'df this invention
is the arrangement of the channels 37, 28, 39 and .
;toglgmits:extremely;rapi‘d\ﬂow',reyersal and applica-

40 on rotor 30, the chanre
and displaced 180 d

1 87 being opposed=to:
from-the=channel 3%
on the left end of ro
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‘to operate a tool or other instrumentality con-: -
nected with the hydraulic motor. For purposes
- of Hllustration let it be assumed that channels 27,
38, 39 and 40 each subtend an angle of 40° at

24, 25'and 26 each subtend an angle of 35° at the
same circumference. As rotor 38 rotates, pres-
sure fluid flow is applied from the chamber 3§

- through the channels 37 and 88 of the rotor
.10 through port passages 23 and 25 to outlets § and

8, through 75 degrees of rotation, for instance. -
At the same time, return flow is permitted from -
inlets 7 and 9 through port passages 24 and 26,
channels 40 and 38, return chamber 85, and out-

15 let 10, This permits motion In one direction of

two double acting pistons, for example, with pres-
sure being applied at one end of their cylinders
and oil being discharged from the other end of
each cylinder. Rotation beyond this point causes

go channels 87 and 39 of the rotor to pass beyond

port passages 23 and 26 so that no pressure fiuid
can flow from chamber 34, After a total of 90
degrees of operation the channels 37 and 89 permit
the application of pressure or pressure flow to the
port passages 24 and 26 and outlets 7 and 8, while
at the same time the channels 88 and 40 permit
permit return flow from Inlets 6 and 8 through
port passages 23 and 28 to chamber 35.

This particular arrangement of a casing hav-

30 ing a number of outlets and port passages 28, 24,

25 and 26 together with the particular form of
rotor provides a high speed balanceq hydraulic
radially actuated valve having a number of out-
lets which may be successively connected with g
common inlet chamber and a common  outlet
chamber to thereby simplify the piping of the
hydraulic system and still preserve hydraulic bal-
" ance between the casing and the rotor. Further-
more, the invention as described and shown per-

tion of pressure: .
It .is evident from the foregoing description

=83+ channel. 38 be-
ing opposed to and displaced= reed= +—-that this invention-basically provides a hydrauli-
channel 40 at the right hand end of rotor 33. cally balanced*valvefcapable~of"creating"ﬂow1e.ﬂ ~
The opposed channels at each.end of the rotor ¢8- Versalsin a hydraulic system for operating a num-
always are under the same pressure, and channels-  ber-of hydraulic motors, but this valve, construct-

31 and 39 are equal in area as are channels 38 and
40. Therefore, it is evident that there can be no
- side thrust on the rotor which. might cause it to
bind with respect to the casing and regardless of
the amount of pressure in the inlet chamber 34,
the rotor 38 always rotates freely. A.further
reason for the hydraulic balance thus obtained
_is the fact that the port passages 28 and 26 are
also directly opposite one another, as is the case
with the port passages 24 and 26. “The areas of
opposed port passages 23, 25 are equal and iden-
tical as are passages 24 and 26 so that the areas
of the rotor which are exposed to Pressure, includ-
ing the channels 81, 38, 39 and 40 and those ex-
posed to pressure by the port passages, are always
equal on either side of any diameter section. The
provision of common Inlet and outlet chambers
together with the particular rotor channels and
port passages makes possible a hydrsulically bal-
anced high speed rotary valve which will apply

and relieve pressure with any desired time rela- .

tion, as outlet passages 23 and 25 may be disposed
at any desired angle with respect to the Passages
24 and 26. . .

For the purpose of describing the operation of
the valve it will be assumed that outlets 6, 7, 8 and
8 are connected to cylinders enclosing two double
acting pistons or any other form of hydraulic
motor so that pressure may be turned on and off

ed In accordance with the principles of this in-
vention, is capable of operating in s much more
complicated hydraulic system, the hydraulic bal-

go 2nce, and the single inlet and outlet chambers

still being feasible. - Figs. 7 to 18 of the draw-
ings illustrate a valve for use in the hydraulic
system shown in Fig. 20. ‘This figure illustrates
the fact that a single valve can be arranged to con-

55 trol machines or motors for performing at least

three different steps in a manufacturing process.

Fig. 20 shows a source of hydraulic fluid under
pressure Including g stipply tank 50, bump 54, and
relief valve 83, valve 53 being connected across

00 tank §0 and pump 51 for absorbing whatever ex-

cess pressure may oceur. Valve 80, the develop-
ment of this invention, is connected to the inlet
pipe 54 and the outlet pipe 5§ whereby a flow of
‘Dbressure fluld is possible through the pump 5¢,
valve 60 and tank 60. The particular work ap-
paratus, shown for purposes of illustration only,
Includes a feed mechanism 61 connected with
valve 60 by pipes 62 and 63. The crimp mecha-
nism 88 is connected by pipe 66 and pipe 67, the

70 tool mechanism 68 is connected to valve §8 by pipe

69 and pipe 70, and the driver mechanism 712 is

' connected by pipe 78 and pipe 74, - The two pipes

to each of the various tool mechanisms serve al-
ternately as pressure flow and return flow pipes

78 depending on the valve position, Thus as the
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‘and 97 together with cut-away port passages 98

valve 60 rotates, the pressure from the tank §0
and pump B is successively applied to the vari-
" ous mechanisms and successively relieved to cause
the mechanisms to perform their intended func-
tions. Before this operation is described in de-
tail, it will be necessary to explain the construc-
tion of the valve 60. ‘

The details of valve 80 are shown in Figs. 7 to
18, and ‘this modification of the invention differs
from that illustrated in Figs. 1 to 6 only in that it
illustrates the fact that a single valve rotor em-
ploying the fundamental principles of the inven-
tlon demonstrated in Pigs. 1 to 6 can be com-
bined with a rotor having the channels and ports
"spaced in & predetermined manner to accomplish
practically any desired timing of flow reversals
with predetermined time relation between said
reversals to thereby control and operate a num-
ber of different tools for performing a certain
number of manufacturing operations. This does
not mean that the utility of this invention is con.
fined to use for controlling manufacturing oper-
ations, as it is obvious that the valve is equally
adaptable for use in connection with heat en-
gines, as for instance, single or multi-cylinder
gasoline gutomobile engines. More particularly,
the valve can control a hydraulic system for oper-
ating the intake and exhaust valves of g gasoline
engine, thereby eliminating the necessity of pro-
viding a cam shaft and related parts. A still
further use for the valve embodying this inven-
tion is in a distributing system where, for in-
stance, only the high pressure half of the valve
may be used to apply and relieve pressure to a
series of pipes which could be used for supplying
oil or other fluid to any form of mechanism re-
quirihg intermittent positive flow with a prede-
termined time relation between the periods of flow
in each of the pipes.

Figs. 7 to 13 of the drawings illustrate the valve
and arrangement of parts therein. The valve
includes g rotor housing 80, the plates 82, and 82’,
gaskets 83, and the stuffing box 87 for providing
an oil seal about the shaft 85 of the rotor. End
plates 82 and 82’ are secured to housing 80 by
means of suitable bolts 84,

Housing 80 is provided with the inlet port 80
and outlet port 91 which are connected to inlet
pipe 54 and outlet pipe 55, respectively, as illus-
trated in Fig. 20 of the drawings. The feed 61,
shown in Fig. 20, is connected to ports 93 and 94,
‘the port 93 being displaced counter-clockwise
5° from the reference plane, which is arbitrarily
chosen as the vertical plane of the valve as shown
in the drawings. The port 84 is displaced 90°
from port 83 and 95° from the reference point,
as illustrated in detail in Fig. 12 of the drawings.
A hydraulic balance requires that the casing be
provided with a balancing port 82 displaced 180°
from port 94 and a balancing port 95 displaced
180° with respect to the port 93. - Likewlise, simi-
lar balancing ports must be provided at the low
pressure end of the casing and connected with the
ports 82 and 95 by the passages 102’ and 103,
Thus the pressures on the exposed areas of the
rotor {10 are all equal regardless of the position
of the rotor, and therefore, since the ports are
respectively opposed, there is no. resultant pres-
sure on the rotor and hydraulic balance is ob-
tained. The crimp control illustrated in Fig. 20
receives its working pressure and return from
ports 86 and 871 which are connected to the pipes
66 and 67 of Fig. 20. Fig, 10 is a cross section on
line 10-—10 of Fig. 9 and illustrates the ports 96
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and 89. Port passages 98 and 98, which are spe-
cially shaped in relation to rotor ports to provide
a predetermined time of flow as the rotor is
caused to revolve, serve as passages from outlets
96 and 87 to the proper pressure or outlet cham-
ber as the location of the rotor parts may deter-
mine. This section shows specifically the shape
of the port passages 98 and 99 where they would
be engaged by the rotor high pressure ports. The
cut-away portion 98 starts at the point 15° dis-
placed from the vertical and continues for 105°,
after which there is an interval of 15°, and the
cut-away portion 99 begins and continues for 45°.
The casing 80 is also provided with cut-away
port passages 100 and 104 which provide pressure
compensating areas equal to the area of portions
88 and 99 and 180° displaced with respect there-
to. Thus, the pressure on the surface of the rotor
is equal at all times regardless: of its angular
position. Fig. 13 is a section on line {3—I3 of
Fig. 9, illustrating the shape of the cut-away por-
tions at this eross section of the casing. This
figure shows the cut-away port passages 98 and
99 at the point where the port of the rotor con-
necting to the low pressure chamber would en-
gage. It will be noted in Fig. 9 that these port
passages are composed of narrow and wide sec-
tions, which, in effect on their extreme sides, form
passages on the low pressure side equal in space
to the high pressure passages, but rotated 90°.
This is a simplified construction which eliminates
outside passages and simplifies the rotor con-
struction. The punch mechanism 12 in Fig. 20 is
connected through pipes 13 and 74 to the ports {06
and 107, respectively, which are shown:in detail
in Fig. 11, which is a cross section on line 1 {—1#1
of Fig, 9. It is to be noted that these ports are
displaced axially toward the center with respect
to ports 98 and 94, the reason for which will be-
come apparent in the following description. The
port 106 is displaced 35° from the vertical and
the port 1017 is displaced 35° from port 106.

Since it is necessary to apply pressure and
return to each of the aforementioned ports, they
must necessarily be connected to both the inlet
and outlet sides of the valve, and therefore each
of the ports 93, 94, 106 and 107 is provided with
passages through the casing 80 to have outlets
83’, 94’, 1068’ and 107’ in the return end of the
valve. These passages may be cored through cas-
ing 80, as illustrated at 16, {02 and 103 in the
drawings, or they may be in the form’ of pipes
as 15 connected with the feed lines and to the
suction side of the valve through drilled and
tapped holes. ]

All of the ports 93, 94, 106, 107, 93°, 94, 106’
and {07’, together with the assoclated balancing
ports, subtend an angle of, for example, 10°
at the circumference of the rotor t10. Thus they

" all expose the rotor area to equal pressures. Fur-
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thermore, ports 106 and {07 are opposed by 180°,
displaced ports. 104 -and 105, respectively, and
ports 106’ and 107’ are opposed by 180° displaced
ports 108 and {09, respectively. Pipes 1§ and

- 112 connect the balancing ports together so that

here again the complete hydraulic balance is
attained.

Figs. 15 to 18 show the form of rotor best
adapted to the modification of this invention
shown in Figs. 7 to 14. Rotor 110 comprises a
shaft 85 which may be integral with rotor (0
or suitably secured thereto, collar 113, and seal-
ing disc ({4, together with its connecting shaft -
118, The gealing disc 114 and end plate 82’, to-

{




. a period of dwell,

- 4

gether with rotor {10, as shown in the drawings,
form inlet chamber {20 and outlet chamber 121,
as {llustrated by dotted lines in Fig. 9. ' ‘This rotor
is similar to that shown in Figs. 5 and 6 in that
it also includes at its left hand end channel por-
tion 123 and a similar portion 124 displaced 180°
therefrom, as shown in Figs. 14 and 15. At the
right hand end of the rotor there are the chan-
nel portions 125 and 126 180° gpart and respec-
tively displaced 90° with respect to portions 123
and (24, These portions subtend a total angle
of 70° and are so dimensioned in width that they
first connect with the ports 83, 94, 93’ and 94’
since these ports are closer to the ends of the
casing 80 than are the ports 106, 107, 186’ and
101’.  However, 75° after portion 123, for in-
stance, opens the port 83, the point 123’ reaches
the port 106 to open it. All of the portions 123,
i24, 125 and 126 are of the same length and of
equal area, and portion 123 is displaced 15° in a
clockwise direction from the vertical, and there-
fore the other leading edges of the channel por-
tions are also displaced 15° from the vertical and,
In the case of portions 128 and 126, from the
horizontal.

Rotor (10 is also provided with the ports 130
and 13{ which are connected to the inlet or pres-
sure end of the casing 80, These ports are dis-
placed, as illustrated in Figs. 15.and 16, 15° from
the vertical and are wide enough to subtend a
15° angle along the circumference of the rotor.
Here again pressure on the rotor is equalized by
providing a 180° displacement between these
ports so that the relative pressure between the
rotor and the casing is equalized. Figs. 17 and 18
show the outlet or return ports 182 and 133 dis-
placed 180° apart with respect to one another
and 90° from the ports {80 and 13f. These ports
130 and 131, 132 and 183 are in alignment with
the port passages 98 and 99, 100 and 104, respec-
tively, and will apply pressure to the ports 96 and
97 in the manner to be described later.

Fig. 19 of the drawings is a graph representing
a total of 180° of revolution of the rotor 110 in
casing 80 and shows the intervals during which
pressure and return flow act on the various tools
shown in Fig. 20. Referring to Figs. 12 and 15
of the drawings, it will be seen that rotor 80
starting from rest must be rotated counter-clock-
. wise through 15°, at which time the leading edge
of channel 123 of rotor 110 reaches the vertical

[}

10

15

20

26

30

36

40

45

50

plane of the valve and after five more degrees

of rotation, making a total of 20°, the leading
edge of channel {23 meets the port 93 and applies
fluid pressure from inlet 98 and chamber 120
through lines 62 and 78 to the feed and the tool
68. - At the same time, channel 26 permits re-
turn flow through port 94’. Since the opening
of port 93 subtends an angle of 10° at the surface
of rotor {10 and since rotor channel {23 subtends

55

60

an angle of 70°, pressure through port §3 will

continue for 80° or a total of 100° of rotation
when ports 93 and 84 will both be closed by the
rotor. This accounts for a total of 100° of rota-~
tion of the rotor. Port 84 in the high pressure
end is placed 95° beyond vertical or 110° from the
start position of the rotor channel i23. Port 94*
is similarly 110° displaced beyond the start posi-
tion of channel i25. ‘The next 10 degrees permit
There is no fluid flow, but
whatever pressures exist on tool 68 are main-
tained.

85

70

After 10 degrees of rotation, the leading edge of

the channel 123 meets port 94 and permits pres-
sure fluid flow from inlet 99, chamber (26, through

75
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lines 63, to the tool piston of 8. At the same
time, the leading edge of cut-away channel 126
meets port 93’ and permits discharge return of
fluid from the opposite side of the piston that ac-
tuates tool 18 through line 62, port 94’, channel
125, chamber 121, and outlet pipe §5. Thus a re-
versal of flow is accomplished which causes a Te-
turn motion of the piston on tool 18. The pres-
sure flow and return flow to maintain a return
motion or position of tool 68 continues for 80 de-
grees (this is the total of the 10 degrees opening
of ports 94 and 94’ and 70 degrees of channels §28
or 125). When the trailing edge of channel 123
has passed the edge of port 94, the trailing edge of
125 has passed 93’, and the rotor will have ro-
tated 180 degrees. Due to the fact that channel"
124 is the same shape and 180 degrees displaced
from channel 1238, it will engage with ports 93 and
94, and channel 124 will engage ports 93’ and 94’
to duplicate the hydraulic cycle just described,
and two complete identical cycles will result from
one rotation of the rotor.

Fig, 16, together with Fig. 10, shows the effec-
tive portions of the valve in the crimping opera-
tion. Since port 130 in rotor 119 is displaced 15°
clockwise from the vertical and since the port
passage 98 connected with port 96 is displaced 15°
in a counter-clockwise direction, there is a total
of 30° of rotation, after which port 130 applies
pressure from pressure chamber 120 to the port
96 and pipe line 66 of the crimping tool 65.  This
pressure continues through 105°, which is the arc
subtended by port passage 98 at the surface of ro-
tor- 110, In the meantime 15° of rotation is
added, since port 130 subtends an angle of 15° at
the surface of rotor (10, making a total of 120°
during which pressure is applied to port 96. At
the same time return flow occurs through port
passage 99 and channel 132.

At 150 degrees of rotation rotor port 130 has
passed port passage 98; rotor channel 132 has
passed port passage 99, so that flow or pressure
direction are changed, as will be disclosed. It
should be noticed that only part of port passage
88 opens to port 130, snd only part of port pas-
sage 99 opens to port 132, and that during the
time described the angles subtended by the ex-
posed part of port passages 98 and 99 are the
same and permit a pressure or fluid flow and re- .
turn of 120°, After 150 degrees of rotation the
motion of erimp tool 65 is reversed as the pipe 61
is now connected through port passage 99 and
channel (30 to pressure chamber 120. Return
flow is now through pipe 66, port passage 98,
channel {33, and chamber 12{. Flow or pres-
sure is maintained through 2 period of rotation
of 60 degrees, which-is the sum of the angleg sub-
tended by the 15 degree port-opening and the 45
degree port passage opening 98 on the low pres-
sure side, - The shape of the port passages is such
that there is a pressure flow (and return) in one
direction of 120 degrees and only 60 degrees in
the others. - Since port 131 is the same shape and
180 degrees removed from port 130; and port 133
is the same shape and 180 degrees removed from
port 132, this cycle of 180 degrees of rotation will
be duplicated for the second 180 degrees of rota-
tion of the rotor, thus accounting for two com-
plete identical cycles for 360 degrees of rotation.
Here again radial hydraulic balance is obtained
since ports {30 and 131 are displaced 180° apart as
are ports 182 and 133.  Furthermore, passage 98
is opposed by the balancing passage 108 180° dis-
placed therefrom. Passage 97 is similarly op-
posed by passage 10i.. The areas of opposing pas-
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sages are also equal and therefore the pressures
exerted in passages 57 and 88 are balanced by the
pressures in passages {81 and (00, respectively, so
that equal pressures are diametrically opposed on
the areas of the rotor exposed to the passages at
any glven angle of rotation.
. The punch tool 72 is actuated by the ports
shown in Fig. i1, which is a section on line {1—1!
of Fig. 9. As described hereinbefore, ports 106
and 187 are farther from the end than are ports
83 and 88, and 95° of rotation must occur before

channel 123 of rotor §18 can open the port 108.

For s distance of 60° from vértical port passage
128 does not affect port 106 and, since this port is
. displaced 35° from the vertical, there must be a
total of 95° rotation before pressure is applied to
this port. Pressure is continued on port 166 for a
total of 35° which is the sum of 25° the remaining
area of channe] {23 and 10° subtend by port pas-
sage 106.
There are 35° from the trailing edge of port 166
to the front edge of port (67. The effective por-
_ tion of channel 123 is 25° so that there will be a
period of 10° before the channel makes connec-
tion with port i87. At the same time return flow
is from punech 72, through pipe 74 and passage to
port {67 in the low pressure end, channel {2§ to
return chamber §24. It will be noticed that port
{87’ is displaced 90' ahead of port {86. Channel
125 is displaced 90° ahead of channel {283, so that
the time for return flow is as great as the time for
pressure flow. At the rotation of 140°, channel
123 opens into port £87; channel {25 opens into
port {86’: this causes & reversal of fiows and
pressures to the piston actuating punch 72. . Pres-
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sure or pressure flow is from chamber {20 through .

channel {28, port 187, and pipe 74; return is from
pipe 12, port passage (06, channel (25, to cham-
ber 2. This will continue for 35 degrees, the
sum of the space subtended by the face of the port
£07 (15°) and effective channel surface {23 (25°).
This sccounts for a total of 175° of rotation.
There will be g period of dwell of 5° to complete
the 180° of rotation of the rotor. Because of the
fact that channel (23 is 180° displaced beyond
.channel {24, a second and identical cycle will be
made for punch 72 with a second 180° of rotation,
thus completing 360° of rotation of the rotor.

It will be noticed especially in this eycle that
the down position of the punch 12 will be during
45°, while the return position is 135°. This is ac-
complished by the fact that ports {08 and 107 are
displaced less than 90° and, in turn, it is necessary
to locate ports 06’ and {07’ with cross connecting
pipes 75 and passage 16, as indicated. .

Port passages 98 and 99 indicate another meth-
od of getting a similar result in relation to the
crimp tool. These illustrations indicate some,
but not all, of the possible variations of locating
the ports.

In some gapplications of this invention it is
desirable that the application of pressure to the
operated device be timed to occur at intervals
other than 90° apart in the operating cycle. Figs.
21, 22 and 23 illustrate a method of adapting the
invention to such circumstances. In Fig. 21 cas-
ing i is tapped to provide ports such as 6, 7°, 8’
and 9’ which are spaced apart as illustrated.
The remaining features of this modification of
the valve are similar to those shown in Figs. 1
to 6 except as illustrated in Fig. 23. The rotor
33’ includes a pair of channels 38’ and 40’ which

are spaced apart by 180° in a manner similar to.

the rotor of Fig. 6. However, it is necessary at
the low pressure end of the rotor to provide chan-
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nels 31°, 39’ apaced apart by 180° and displaced
clockwise from ports 38 and 40 by the same angle
as there is between 6’ and 8’ and channels 158

.and 181 also spaced apart by 180° and displaced
in a counter-clockwise direction from channels

37’ and 39’ by an angle equal to twice the angle
between ports 6’ and 1’ shown in Fig. 21. Here
again the principle of the invention has been
applied to maintain hydraulic balance by mak-
ing all ports and channels of equal areas and
opposed to one another gs taught hereinbefore.
The operation of this modification of the valve
is obvious from the description given hereinbefore.
in connection with Figs. 1 to 6. :

From the above it is evident that this inven-
tion enables the use of a valve having a single
rotor, g single inlet port and a single outlet port
for, first, feeding a piece of wire, then grasping
the wire to hold it firmly in its advanced posi-
tion, and then driving a tool to punch & head
on the end of the wire. Not only does this
single valve enable these operations, but it also
returns the tools to their normal position for a
subsequent operation. This modification of the
valve embodying the invention described herein-
before illustrates the feasibility of providing a
high speed hydraulic system for performing a se-
ries of operations at predetermined time inter-
vals. Not only is such operation feasible; but
it is gecomplished by a rotating valve having a
single inlet port and a single ouflet port, and’
perfect hydraulic balance is maintained through-
out the rotation of the valve.

It is not intended that this invention shall be
limited to s valve embodying the specific struc-
tural details shown in the drawings, as it is obvi-
ous that there are many ways of sealing the ends
of the casing, and there are several alternative
methods of providing passageways between the
pressure end of the valve and thé suction end
of the valve. For instance, the valve casing 80
may be cored to provide passages, or it may be
merely drilled and tapped for external pipe con-
nections. Thus, it is intended that the valve
may be constructed in accordance with well
known methods. Further modifications of this
jnvention will occur to those skilled in the art,
angd therefore it is desired that this invention
shall be limited only as required by the prior art
and the appended claims. :

What I claim is: »

1. A rotary valve comprising a casing having
o substantially ¢ylindrical chamber therein, said
casing having an inlet port, an exhaust port,
and a supply port opening into said chamber,
said ports being located in planes axially spaced
from each other, g plug rotatably mounted in
said chamber, a pair of substantially similar and
diametrically opposed ports in said plug extend-
ing into the plane of said supply port and in
constant communication with the inlet, a sec-
ond pair of substantially similar and diametri-
cally opposed ports in said plug extending into

" the plane of said supply port and in constant

communication with the exhaust port, said cas-
ing being provided with ‘a recess substantially
similar and diametrically opposed to said supply
port. :

2. A rotary valve comprising a casing having
a substantially cylindrical chamber therein, said
casing having an inlet port, an exhaust port, and
supply ports openihg into said chamber, said in-

“let port and said exhaust port being located in

planes axially removed from each other and said
supply ports being i other axially spaced planes,




e

a plug rotetively mounted in said chamber, pairs

" of substantially similar and dianetrically op-

posed ports of said plug extending into the planes
of said supply ports and in constant ¢ommuni-
cation with the inlet, pairs of substantially simi-
lar and diametrically opposed ports in said plug
extending into planes of said supply ports and
in constant communication with the outlet, said
casing being provided with recesses substantially
similar and diametrically opposed to said supply
ports. o - i

3. A valve adapted for uniform rotation, com-
prising s casing, having & substantially cylin-
drical chamber therein, said casing having an in-
let port an exhaust port and supply ports open-
ing into sald -chamber, said inlet port and said
exhaust port being located in planes. axially re-
moved from each other and said supply ports
being in other axially spaced planes, & plug rotat-

.ably mounted in said chamber, an annular space

around said plug in constant communication with
the inlet port, pairs of substantially similar and
diametrically opposed ports in said plug extend-
ing into planes of said supply ports and in con-
stant communication with said annular space, a
second annular space around said plug in con-
stant engagement with the outlet port, pairs of
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4. A rotary valve comprising a casing hav-
ing-a-substantially cylindrical chamber therein,
sald casing having .an inlet port, an exhaust
port, and supply ports opening imto said cham-

“ber, sald inlet port and said exhaust port being

located in planes axially removed from each other
and said supply ports being in still another plane,
one of said supply ports comprising g circum-
ferentially elongated portion aslong one of its
sides and an interconnected shorter portion along
its other side, said casing being provided with a

- recess substantially similar and diametrically op-
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substantially similar and diametrically opposed

ports in said plug extending into vplanes of said

- supply ports and in constant communication with

sald second annular space; said casing being pro-

—ided with recesses substantially similar and di-

~ - ~gmetrically-opposed to said supply ports, a pas-

sage connecting an end surface of the plug and
the second annular space. s

30

posed to said port, a second one of said supply
ports also comprising long and short intercon-
nected portions similar to the first one but ar-
ranged with its short offset portion in circum-
ferential alignment with the long portion of the
first supply port and its long portion in such
slignment with the short portion. of such first
subply port, said casing being provided with &
recess substantially similar and diametrically op-.-
posite the second mentioned supply port, a plug
rotatably mounted in said chamber, a pair of
substantially similar and diametrically opposed
ports in said plug, in constant communication
with the inlet, and aligned circumferentially with
the aligned long and short portions on one side

-of the supply ports, a second pair of substantial-

ly similar and diametrically opposed ports in
said plug. in constant communication with the
outlet and aligned circumferentially with the long
and short portions on the other side of. said sup-

. ply ports.
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