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- 10 Claims.

This invention relates to power transmissions
and more particularly to those of the type com-

prising one or more fluid pressure €nergy trans-

lating devices, one of which may function as &

present invention, 10 indicates a tank contain-
ing a suitable power fransmission fluid such as
oil and referred to hereinafter as such. A pump

{2 of any suitable construction is mounted ad-

pump and another as & fluid motor. The inven- 5 ijacent the tank i0 and driven by an electric
tion is particularly concerned with a power trans- motor or other prime mover, not shown. The
‘mission of this character which is particularly pump {2 withdraws oil from the tank §0 through
adapted to drive an alternately reciprocable load  a suction pipe 14 and delivers o0il to a delivery
device, for example the table of a grinding ma- pipe 16. A relief valve 18 is mounted in the pipe
chine. | | | - 10 16 and is adapted to discharge oil to the tank
It is an object of the present invention to pro- 10 through a by-pass conduit 20 both whenever a
vide a power transmission system wherein is in- predetermined safe pressure is exceeded in the
corporated a control panel connected between a conduit 16 and whenever the chamber 22 thereof
pump and motor for controlling the operation of is vented by connecting conduit 24 to the tank.
the motor in a manner to provide alternate recip- 16 The valve 18 may bhe of any suitable construc-
rocating motion of the motor in continuously re-  tion and the one shown is of the type illustrated
peating cycles with independently adjustable - in the patent to Harry F. Vickers 2,043,453.. Con-
dwells at the end of each reciprocation and with duit 16 and a return conduit 26 are connected to
adjustable speed of motion. -~ a control panel or block 28 at ports 30 and 32,
In the art of machine tools it is frequently 20 respectively. '. | S |
desirable to operate a reciprocating member with - The control panel 28 is illustrated as having
a continuous to and fro motion. It is also nec- three sections 34, 36, and 38 which, for con-
essary that the length of stroke, the speed of  venience in illustration, are shown in a single -
motion, and the time of dwell at the end of each plane although it will be understood that in
stroke be adjustable through reasonably wide 28  actual construction the parts may be more com-
limits in order to provide for flexibility in adapt- pactly arranged. Preferably, but not necessarily,
‘ing the machine to various operations on work the sections 84, 36; and 38 may be constructed as
pieces of different characters. In a tool such as separate assemblies constituting standard units
a grinding machine, it is important that when ‘which may be joined together in different com-
once adjusted for a certain length of stroke that 30 binations for various purposes. The section 34
subsequent changes in speed of operation do not includes pilot and servo-operated reverse and
alter the stroke of the feed table since it is fre- blocking valves for starting, stopping, and re- |
quently desirable to grind at one feed rate for  versing the table. The section 36 contains man-
rough grinding and at a different feed rate for ual and table-operated valves for starting and
finish grinding. Were the stroke changed when 35 stopping cyclic operation of the table while the
the feed rate is changed, it is obvious that the section 38 contains feed controlling valves for
surface covered by the grinding wheel during regulating the speed of operation of the table. |
finish grinding would not be coextensive with A pair of ports 40 and 42 connect by pipes 44
that covered by the wheel during rough grinding. and 46 to the left and right-hand ends respec-
It is also essential that, after the dwell at the 40 tively of a table operating fluid motor 48. The
end of each stroke, the table be accelerated latter cemprises a cylinder 50 containing a piston
smoothly and also that a smooth deceleration . 52 having its rod 54 connected to the grinder
. be accomplished prior to the dwell. | . table 56. The table 58 carries a flipper dog 38 .
It is accordingly an object of the present in- and fixed dogs 60 and 62. The dogs may be lon-
vention to provide a power transmission system 45 situdinally adjustable along the table as is well |
- incorporating a control mechanism whereby the. known in the art. The dogs 58 and 60 cooperate
. above results are provided. | o with trip arms 63 and 64 which constitute the
" Turther objects and advantages of the present operating means for a valve spool 66 located in a
invention will be apparent from the following bore 68 in the block 34. Flipper dog 58 is adapted
description, reference being had to the accom- 50 to operate the trip arm 63 clockwise when the
panying drawing wherein a preferred form of table moves to the right and may be swung out -
the present invention is clearly shown. ~ toward the observer to pass the trip arm 63 at
Referring now to the drawing wherein is illus-  certain times, The fixed dog 60 is adapted to
trated diagrammatically a power transmission actuate trip arm 64 counterclockwise when the
system incorporating a. preferred form of the 60

table moves fo the left. The dog 68 and arm 63
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may be located In a different plane from that
of the dog 60 and arm 64. Fixed dog 62 is
adapted to depress a plunger 70 when the table
moves to the right after flipper dog 58 has passed
the trip arm 63.

The valve spool 66 is provided on its right-hand
end with two grooves 12 and 14 which, together
with ports 15, 716, 78, 80 and 82 in the bore 68,
constitute a pilot reverse valve for transposing
connections between a pressure conduit 84 and a
tank conduit 86 on the one hand and a pair of
conduits 88 and 90 on the other hand. The
spool 66 at its left-hand end is provided with a
groove 82 which, together with ports 84, 98, and
88 formed in the bore 68, constitute a three-way
blocking valve for selectively blocking either s
conduit 100 or a conduit 102 while connecting the
~ other to the tank 10 through a conduit 104. Con-

duits 106 and 108 connect the opposite ends of

bore 68 with the tank for preventing trapping of
oil as the spool 66 is operated in either direction.
8pool 66 is preferably provided with tapered por-
tions 110 and 112 adjacent the groove 92 for the
purpose of providing gradual closure of the
ports 84 and 98.

Mounted in - a bore {i{4 in the block 34 is g
servo-operated valve spool {16 which controls
reversal of fluid flow between the pump (8 and
the motor 48. The wvalve spool (18 is adapted to
be shifted to the right and left by fluid pressure
exerted on its opposite ends. This fluid pressure
is controlled by the pilot valve at the right-hand
end of valve spool 66 and also by certain ports
on the spool 116 itself, Conduits 88 and 90 con-
- nect with the left and right-hand ends of the
bore 114 through check valves 118 and 120 re-
spectively, In parallel with the check valves are
& pair of adjustable needle valves 122 and 124
which connect with the bore 114 at ports 126 and
128 respectively. The conduits 88 and 90 also
communicate directly with ports (30 and (32
formed in the bore ({4, 'The spool {18 is pro-
vided with a pair of grooves 134 and 136 which
are open to the ends of the spool through in-
- ternal passages 138 and 140. -

The spool (16 is provided to the left of its
mid-portion with a groove 142 having tapered
end portions which is adapted to selectively con-
nect a port 144 either with a port 146 or a port
I148. The latter two ports connect with the con-
duits 100 and 102 respectively. To the right of
its mid-portion, the spool 116 is provided with
two grooves 150 and 152 which, together with
ports 154, 156, 158, 160, and (62, constitute a
four-way reversing valve for selectively reversing
connections between the ports 40 and 42 on the
one hand, and port 30 and a passage 164 leading
into the block 38 on the other hand.

The passage 164 communicates with a hydro-
static flow controlling valve generally designated
as 166 which, together with a manually adjust-
able restrictor 168, maintains a constant biit ad-
~ Justable rate of flow from passage 164 to port 144
- through a passage {10. The valve {66 comprises
& chamber 172 in communication with passage
164 and a chamber 174 in communication through
a passage 176 with the restrictor 168. A valve

"member {18 is adapted to control flow from
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Within the block 38 there is provided a manu-
ally operable rotary pilot valve 188 which, in the
position shown, connects a port 180 with a port
192, When moved clockwise the valve is adapted
to block the port 190 and when moved counter-
clockwise is adapted to connect port 190 with a
port 194. Port 190 is connected to conduit 28.
Port 194 connects to the tank through a conduit
196 which also connects by a branch 198 with the
tank conduits 106 and 86 in the block 34. The
port 192 connects by a conduit 208 with a valve

- 202 formed on the stem 710. The valve 202 is
- -adapted when the stem 70 is depressed to con-

15

20

nect conduit 200 with the tank line 196 through
a conduit 204, *
.The position of the parts illustrated in the
drawing represents the conditions just after the
table has completed a stroke to the left and the
connections have been reversed to start a stroke
to the right. The fluid flow and the applied
pressure in the various circuits is as indicated
by the arrows on the drawing, solid line arrows
indicating flow or applied pressure in cireuits

- where the flow or applied pressure is always in
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the same direction while the dotted arrows indi-

cate flow or applied pressure in circuits where
such flow or applied pressure is either reversed
in direction or shifted to a branch conduit dur-
ing the opposite movement of the table.

In operation the pump 12 is started causing
fluid to be withdrawn through suction conduit
4 and delivered to delivery pipe 16. With the
relief valve 18 closed as shown, pressure builds
up in the conduit 16 and is transmitted to the
motor 48. In the position of the parts illus-
trated in the drawing the table 86 is traveling to

the right, the valve spool 66 having been shifted

to the right as the table reached the left-hand
end of its stroke in a previous cycle. TUnder

‘these conditions fluid is delivered through con-

duit 16, port 30, ports 158 and 160, port 40, and
pipe 44 to the left-hand end of cylinder 509.
Fluid returns from the right-hand end of the
cylinder 80 through pipe 46, port 42, ports 156

5> and 184, conduit 164, chamber 172, valve 118.

- chamber 114, conduit 176, restrictor 168, conduit

60

65

chamber 1712 to 114, The valve 118 is under the

control of a piston 180, the lower side of which
is subjected to the pressure in chamber (14
through a conduit 182 while the upper side is
subjected to tank pressure through a conduit 184.
A light spring 186 urges the valve 118 down-
wardly, - o ,

0

15

{10, ports 144 and {48, conduit 102, ports 98 and
96, conduit 104, port 32 and pipe 26 to the tank
10.

During this movement of the table the hydro-
static valve 166 acts to maintain a fixed pressure
in the chamber 174 so that the rate of flow
through the restrictor 168 is maintained sub-
stantially constant. Since the pressure in pipe
170 is tank pressure which is ordinarily at-
mospheric and since the pressure in the con-
duit 176 is constant, the quantity of fluid which
can pass the restrictor 188 in a given interval
must also be constant. Should the pressure in
chamber 172 tend to rise due to relieving of the
load on the table §6, this pressure is transmitted
through conduit 182 to the lower side of piston
180 tending to raise the same against the spring
186 and thus tending to e¢lose the valve 1718.
Likewise, should the pressure tend to fall, oppo-
site action is produced tending to open the valve
{78. The valve 178 thus comes to a stabilized
condition wherein there is a small pressure drop
therethrough which is varied automatically to
compensate for differences in load at the table 56.
~ As the table 56 continues to move to the right,
the flipper dog 58 contacts trip arm 63 shifting
valve spool 66 to the left. The tapered portion
112 accordingly gradually closes the port 98, thus
blocking further flow of fluid from the right-
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_' hand ehd of cylinder 50 to the tank a.nd causing
the table 56 to stop with a predetermined de-
celeration. At the same time the pilot valve at
the right end of spool 66 reverses connections so
that conduit 84 is connected ‘to conduit 88 while

conduit 86 is connected to conduit 90. Pressure

fluid is thus caused to flow from the port 30
through conduit 84, ports 18 and 80, conduit 88,
and check valve 118 to the leit end of the bore
{i14. Fluid expelled from the right end of the
bore ({4 passes through port 128, needle valve
24, conduit 90, ports 76 and 15, conduits 86, {98
and 186 to the tank. The spool 116 accordingly
moves to the right at a speed deter m1ned by the
setting of the needle valve 124.

In practice it has been found most satisfa.ctory
to arrange the port spacings on the valve 66 gs
shown in the drawing. These are so arranged
that as the tapered portion 112 just completes its
closing of the port 98 in its leftward movement
the recess 14 is just cracked open to the port 18.

10

16

» 20

The most satisfactory opening at this point is

of the order of a few thousandths of an inch
when the right-hand edge of the tapered por-
tion 112 is in line-to-line relation with the left-
hand edge of the port 98. With this arrangement
the table continues to move to the right carry-
ing the spool 66 to the left after the latter has
been shifted to the aforementioned position.
This continued travel arises from several causes,
one of them being the momentum of the table
and associated parts and another being the slight
compressibility of the oil and expansion of con-
duits which takes place when the return line 46
from the cylinder 48 is blocked, thus causing
pressure to build up therein. Still a third factor
contributing to the continued movement of the
table after the port 98 is tlosed is the unavoidable
leakage around the periphery of the spool 66 from
the port 98 axially toward the port 96. This
leakage, of course, decreases rapidly as the spool
continues its leftward movement. In addition,
as the recess 14 approaches the edge of the port
18, the leakage from port 18 to port 80 increases
rapidly, thus starting movement of the valve
spool 116 before recess T4 actually opens to the
port 18. These factors together are best com-
pensated for and a smooth stop with the spool 66

25
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It will be noted that while the return of ﬂuid
to port 32 was blocked. at port 98 that there was

no flow through the restrictor 168. According-

ly pressure tends to build up in chamber 114

thus completely closing valve 118. As the spool

116 completes its rapid movement and flow is
again resumed through the restrictor 168, accel-
eration will be dependent upon the speed of open-

ing of the valve 118. Thus with a slight restric-

tion in the passage 182, a small but appreciable
interval may elapse before valve 118 moves down-
wardly to its normal position of stability. It is
thus insured that the table starts in motion grad-:

ually as distinguished from what has been the

case with previous hydrostatic flow controlling -
valves which act to maintain a constant pressure
drop across the restrictor, and which, when the

flow is hlocked through the restrictor, to move
to fully open position.

As the table continues its left-ward movement
fixed dog 60 contacts trip arm 64, shifting spool

'§6 to the right and again blOcking the flow of

fluid returning from the motor 48. Blocking in
this case occurs as the tapered portion §10 blocks

port 94. The pilot connections to the ends of bore . -

114 are also reversed at this time and spool 116
is caused to travel slowly at first to the left'and
then to rapidly continue to the end of its stroke as
previously described. The length of dwell at this
end of the stroke is thus determined by the ad-
justment of the needle valve 122, After the
spool 116 has completed its stroke, connections are

made as shown in the drawing and as described.

heretofore for causing the table to move to the
right again. This cycle of operation, including a
lefi-ward feed, a dwell, a right-ward feed, and
a dwell, 1s continued as long as may be desired.
When it is desired to stop the continuous cyclic
motion of the table, the flipper dog 58 may be
manually lifted up to pass the trip arm 63 as the
table moves to the right and thereafter when
dog 62 depresses plunger 10, relief valve 18 will be

- vented through conduit 24, ports 190 and 192,

conduit 200, valve 202, conduits 204, 198 and 196,
to the tank. The table will thereupon remain
stationary due to the opening of relief valve 18

~ and the hy-passing of fluid from the delivery con-

completely shifted to its left-hand position is

best insured by the arrangement of ports illus-
trated.

The spacing of the ports in the bore | !4 and the
grooves (42,
‘such that the first movement of the spool 116 to
the richt does not alter any of the connections.
As soon as spool 116 is moved to the right suffi-
ciently for groove 136 to open to port 132, fiuid

from the right-hand end of bore 114 is permitted

to exhaust rapidly through conduit 140, groove
136, port 132, conduit 90, and the same other con-
nections as before to the tank 10. Spool 116 ac-
cordingly moves rapidly to the right to the end of
its stroke.

from port 30 passes through ports 158 and 156,
port 42 and pipe 46 to the right hand end of cylin-
der 50. Fluid exhausted from cylinder 50 returns
through pipe 44, port 40, ports 160 and 162, pas-
sage 164, valve 166, conduit 116, restrictor 168,
conduit 170, ports 144 and 146, conduit 100, ports
94 and 96, conduit 104, port 32, and pipe 26 to the
tank. During the interval while spool 116 is mov-
ing slowly under control of the needle valve 124,
the table remains stationary eausmg a dwell In

its cycle of operation.

150 and 152 on the spool 1{6 are.

60

duit 16 through by-pass 20. |

When it is again desired to start the table the |
tripper arms 63 and 64 may be turned clockwise
by a suitable handle, not illustrated, and there-
after when pilot valve 188 is manually turned
clockwise to block off port 190, the relief valve

- 18 will again close, causing pressure to build up

65 in

60

Under these conditions the table 56
is caused to move to the left. Pressure fluid

69

70

in the delivery conduit I6 and starting move-
ment of the table to the left. When fixec¢ dog 60

again contacts tripper arm 64, the table is caused '

to dwell and reverse and the cyclic operatron con-
tinues as previously described. | -

If at any time during norma] cyclic operation
it is desired to stop the table instantly, the pilot
valve 188 may be operated counterclockwise to
connect ports 190 and 194 and thus vent relief
valve 18 without waiting for table 56 to move

© completely to the right into stopping position.

The panel block 36 has been shown and de-
scribed as a convenient starting and stopping
control device particularly adapted for grinder
table operation although it will be understood
that the same could be omitted together with
dog 62 and other simpler means provided for

controlling venting of the relief valve 18, It will .

(£

also be apparent that the panel block 38 may be
used with other forms of main confrol block
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either of the alternately reversing type or of
the intermittent unidirectional fiow type. .

It may also be noted that the main power cir-

cuit between the pump {2 and the motor 48 is
particularly advantageous for obtaining positive
control of the reversal action at the end of each
motor stroke, It will be seen that the valve por-
tions 158 and 152 act as a conventional four-way
reverse valve for selectively transposing the mo-
tor conduits with respect to the supply conduit 30
and the return conduit 164. The return path
after passing through the flow regulating means
1866 and 168 is divided at the valve portion 142 to
flow alternately either through conduit 100 or

102. The return flow is again directed to a sin-

gle path at the valve portion 92 where it re-
- turns to tank through the connections 104, 32 and
26. Thus the valve portions 142 and 92 act as
three-way valves connected in series with one
another, the former being actuated concur-
rently with the reverse valve 150—152 and the
latter concurrently with the pilot valve 72-—14.
‘This arrangement insures a positive stopping of
the motor at the end of each stroke by the block-
ing of the return path at port 94 or port 98.
. Movement of the motor can then only be resumed
- after the reverse valve has shifted carrying with
it the valve portion 142 to thereby again open
the return path. - . |
- While the form of embodiment of the inven-
‘tion as herein disclosed, constitutes a preferred
form, it is to be understood that other forms
might be adopted, all coming within the scope of
the claims which follow.
What is claimed is as follows:

1. In a hydraulic power transmission system
the combination of a pump, a fluid motor oper-
able in opposite directions, fluid supply and re-
turn connections between the pump and motor, a
valve operated by the motor for blocking one of
said connections after g predetermined move-
ment of the motor, a pilot valve shiftable in oppo-
site directions after a predetermined movement
-of the motor, a contro] valve in said connections
for reversing the flow of fluig to the motor and
contirolled by the
establishing flow through said connections in the
opposite direction when the control valve is
- 2. In a hydraulic power transmission system
the combination of a bpump, a fluid motor oper-
able in opposite directions, fluig supply and re-
turn connections between the pump and motor, a

three-way valve operated by the motor for block-

Ing one of said connections after a predetermined
movement of the motor, a pilot valve shiftable in
opposite directions by the motor, a control valve
in said connections for reversing the flow of fluid
to the motor and controlled by the pilot valve,
and means in a three-way series circuit with said
three-way valve for reestablishing flow through
sald connections in the opposite direction when
the control valve is shifted.

3. In a hydraulic power transmission system -

the combination of a pump, a fluid motor oper-
able In opposite directions, fluid supply and re-
turn connections between the pump and motor, a
three-way valve operated by the motor for
blocking one of said connections after a predeter-
mined movement of the motor, a pilot valve shift-
able in opposite directions by the motor, a con-
trol valve in said connections for reversing the

flow of fluid to the motor and controlled by the

pilot valve, and means in a three-way series cir-

9,267,177
- cuit with said three-way
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pilot valve, and means for re- -

50

55

60

65

70

2 for stopping the

. valve for reestablishing
flow through said connections in the opposite

direction when the control valve is shifted, said
three-way valve being mechanically connected
with the pilot valve. *

4. In a hydraulic power transmission system
the combination of a pump, & reversible fluid mo-
tor operable by fluid supplied by the pump, and a

control system for causing the motor to operate

in alternately reversing strokes, said control sys-
tem including a valve for reversing the flow of
fuid to the motor, a pilot valve actuated by the
motor at the end of a stroke for initiating op-
eration of said reversing valve, means for de-
laying operation of said reversing valve to effect
flow reversal unti] a predetermined interval after
operation of the pilot valve, and a third valve also

operated by the motor at the end of a stroke

for stopping operation of the motor until the re-

versing valve has been operated to reverse the
fluid flow to the motor. |

9. In a hydraulic power transmission system

the combination of a pump, a reversible fluid

mctor operable by fluid supplied by the pump,
and a control system for causing the motor to
operate in alternately reversing cycles, said con-
trol system including means for reversing the
flow of fluid to the motor, a pilot valve actuated
by the motor at the end of a cycle for initiating
operation of said means, manually operable
means for at times preventing normal actuation
of the pilot valve to prevent reversal of flow to
the motor and thereby continue motor operation
in one direction, means operated by the motor
motor after a predetermined
travel thereof in said one direction, means for
manually shifting the pilot valve, and a manually
operable start-stop control member and means
operated thereby upon movement to one posi-
tion to start the motor from its stopped condi-
tion and, upon movement to another position, to
stop the motor independently of the. momentary
position of the motor. o

6. In a hydraulic power transmission system
& pump and ‘a fluid motor operable by fluid sup-
plied thereto by the pump, and control means for

stopping and smoothly accelerating the motor
restrictor for controlling

including an adjustable

the speed of the motor, & valve on the outlet side
of the restrictor for blocking flow of fiuid to stop
the motor, and an automatic valve on the in-
let side of the restrictor for maintaining a fixed
pressure ahead of the restrictor during flow
therethrough, said valve having opposed piston
areas exposed to the pressure ahead of the re-
strictor and to a fixed low pressure whereby the
valve will close when flow through the restric-
tor is stopped and in opening on restoration of
flow through the restrictor will serve to contro}l
the acceleration of the motor.

7. In a hydraulic power transmission system
& bump and a fluid motor operable by fluid sup-
plied thereto by the pump, and control means
for stopping and smoothly accelerating the mo-
tor including an adjustable restrictor for con-
trolling the speed of the mator, a valve on the
outlet side of the restrictor for blocking flow of
fluid to stop the motor, and means including a
valve responsive to an increase in pressure at

- sald restrictor for additionally blocking the path

»

of fluid through said restrictor, and means re-
tarding the opening of said pressure responsive
valve,

8. In a hydraulic power transmission system
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g pump and a fluid motor operable by fluid sup-

plied thereto by the pump, and control means.

for stopping and smoothly accelerating the motor
including a blocking valve for stopping the motor,
and a8 flow controlling valve in series with fhe
blocking valve for regulating the speed of travel
of the motor, said flow controlling valve being re-
sponsive to pressure changes to close when the

o

valve, and means including a three-way valve
mechanically connected with the control valve

~ and connected in a three-way series circuit with

ot

blocking valve is closed whereby on starting of

the motor the opening movement of the flow con-
trolling valve will serve to control the accelera-
tion of the motor.

9. In & hydraulic power transmission system
the combination of a pump, & fluid motor oper-
able in opposite directions, fluid supply and re-
- turn connections hetween the pump and motor, a
three-way valve operated by the motor for block-

ing one of said connections after a predetermined
- movement of the motor, a pilot valve shiftable

in opposite directions by the motor, a control
valve in said connections for reversing the flow of
fluid to the motor and confrolled by the pilot

19

the first three-way valve for reestablishing flow

through said connections in the opposite dlrec-
tion when the control valve is shifted.

10. In a hydraulic power transmission system
the combination of a pump, a fluld motor orer-
able in opposite directions, fluid supply and re-
turn connections between the pump and motor, a

- valve operated by the motor for blocking the re-
turn connection after a predetermined move-

ment of the motor, a pilot valve shifitable in op-
posite directions after a predetermined movement

of the motor, a control valve in said connections

for reversing the flow of fluid to the motor and

~controlled by the pilot valve, and means for re-

establishine flow through said connections in the
opposite direction when the control valve is

o0 shifted.

L. RAYMOND TWYMAN.
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