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This invention relates to systems for the trans 
Emission of power by means of fluid under pres 
stre and more particularly to such systems in 
which the driven member is actuated at relatively 
low speed by fluid under relatively high pressure, 
and at relatively high speed by fluid under rela 
tively low pressure. The low-speed-high-pressure 
actuation of the driven member is frequently 
termed the 'feed' or the “slow traverse nove 
ment' and the high-speed-low-pressure actua 
tion is correspondingly termed "rapid traverse;’ 
for convenience these terms will be employed in 
the description which follows and the system as 
a whole will be termed a “feed and rapid tra 
verse systern.' 
Systems of this general character have hereto 

fore been proposed in which an excess fluid vol 
ume is pumped and by-passed during the feed or 
slow traverse, viz. systems in which two constant 
delivery, constantly operating, pumps are em 
ployed for Supplying the fluid pressure, with the 
fluid furnished by one pump by-passed back to 
the source during the feed or slow traverse. 
One object of the invention is a novel and im 

proved fluid pressure feed and rapid traverse 
system in which a single pump, namely a single 
variable delivery pump, is employed as the source 
of fluid pressure both for the feed and for the 
rapid traverse strokes, and particularly such a 
system including a control for varying the deliv 
ery of the pump to meet the exact volume needs 
of the feed and rapid traverse strokes respective 
ly without the necessity of pumping and by-pass 
ing excess fluid. 
A further object of the invention is a system 

of the character indicated wherei, the fluid vol 
umes delivered for rapid traverse and for feed 
respectively are held steady with no surging or 
pulsation due to change in the pump's delivery, 
and, further, such a system wherein the delivered 
volume whether that for the rapid traverse or 
for the feed or slow traverse is unaffected by 
minor variations in operating pressure of the 
futd. 
A further object is to provide such a system 

which includes simple, novel and relatively inex 
pensive control valve mechanism for the variable 
delivery pump whereby the volumes of fluid de 
livered thereby are substantially restricted to the 
volumes required for feed or slow traverse and for 
rapid traverse respectively, the delivery of the 
pump changing from one to the other of these 
volumes substantially instantly and without in 
terruption, thus limiting the delivery of all other 
volumes to those incident to this change. 

Other objects will appear from the following 
description of an illustrative embodiment of the 
invention which is shown in the accompanyin 
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drawing, wherein 
Fig. 1 shows, in partly diagrammatic arrange 

ment, an embodiment of a feed and rapid traverse 
system according to the present invention, cer 
tain of the control and power mechanism of which 
are shown in section, and 

Fig. 2 is a detail view. 
Referring now to the drawing, the preferred 

embodiment of the invention includes a variable 
delivery pump () receiving its supply of fluid 
through an inlet conduit from a reservoir 2. 
The pump fo is also provided with a discharge 
conduit 3 leading to and connecting with a direc 
tional valve 5 of conventionai type, which con 
trols the direction of operation of the power cyl 
inder 6. The discharge conduit 3 is also con 
nected with a suitable pressure relief valve 8 
which may be employed as a safeguard against 
excessive fluid pressure in the system or may 
be utilized to determine the working pressure of 
the fluid during feed or slow traverse. 
The volume of fluid delivered by the pump O is 

controlled by the position of a laterally movable 
adjusting rod or volume determining element 20. 
The arrangement is such that movement of the 
adjusting rod 20 inward (or toward the left as 
viewed in the drawing), causes decrease in the de 
livered volume, while its movement outward (or 
toward the right) causes increase of the volume 
of fluid delivered. 
Movement of the adjusting rod 20 is effected 

and its position controlled by power means in co 
operation with control valve mechanism. In the 
embodiment here chosen for illustration, the pow 
er means is a fluid motor which includes an ad 
justing piston 2 reciprocable in an adjusting cyl 
inder 22 and appropriately connected with the 
adjusting rod 20, as indicated as 23, for simulta 
neous movement therewith. The adjusting pis 
ton 2 is moved inward or in a delivery decreasing 
direction by pressure fluid admitted to the right 
hand end of the adjusting cylinder 22 through 
the pipe 24 but is preferably moved outward or 
in a delivery increasing direction by a spring 25. 
Movement of the adjusting piston 2, and hence 
its position, is entirely controlled by admission 
and exhaust of fluid to and from the right hand 
end of the adjusting cylinder 22, thus simpli 
fying the fluid circuit and the necessary control 
mechanism as will be more fully explained pres 
ently. A return pipe 26 leads from the left hand 
end of the adjusting cylinder 22, to the reservoir 

  



2 
f2 to permit the passage of any fluid leaking past 
the adjusting piston 2 from the right hand end 
of the adjusting cylinder 22. . 

Suitable means are also provided to determine 
the maximum and the minimum fluid volumes to 
be delivered by the pump 0. In the present in 

/stance these delivery determining means are 
shown as adjustable stops 27 and 28 respectively 
for the adjusting piston 2. The stop 2 limits 
the movement of the adjusting piston 2 and its 
attached adjusting rod 20 in an outward'Or de 
livery increasing direction and hence determines 
the maximum fluid volume delivered by the pump 0; it is accordingly set so that the max 
imum volume thus determined is the volume re 
quired for rapid traverse. Similarly, the stop 28 
limits movement of the adjusting piston 2 and 
adjusting rod 20 in an inward or delivery decreas 
ing direction and hence determines the minimum 
fluid volume which the pump to delivers; it is 

, therefore set so that the minimum volume thus 
/ determined is the volume desired for feed or slow 

traverse. This stop 28 comprises a pair of adjust 
able nuts on a screw threaded part of the piston 
rod, and the movement of the piston and rod to 
the left is limited by the stop 28 engaging with 
the end wall 28' of the cylinder. 
Admission and exhaust of fluid to and from 

the adjusting cylinder 22 through the pipe 2 
are under control of control valve mechanism 
which includes a valve housing 3 in which is a 
valve bore 32 having an enlarged end 33 (for 
convenience hereinafter termed the "high pres 
sure' end). The latter is connected as by a pipe 
35 with the discharge conduit 3 from which it 
receives a supply of fluid under substantially the 

/ same pressure as that in said discharge conduit 
3. The other end of the valve bore 32 (which 
for convenience will be hereinafter termed the 
“exhaust end') is connected with the reservoir 
2 by means of a counterbore 36 on the end of 
the valve housing 3 which extends to and con 
nects with a passage 37 to which the return 
pipe 38 is suitably connected. An annular cyl 
inder port 39 is also formed in the valve bore 32 
intermediate the ends thereof and is suitably 
connected with the pipe 24, whose other end is 
connected with the right hand end of the ad 
justing cylinder 22 as already stated. 
A valve piston 40 is slidably mounted in the 

A valve bore 32 and is made of such length that 
one of its ends at all times extends into the high 
pressure end 33 of the valve bore 32. The pro 
portions are also such that the other end of the 
valve piston 40 is even with the exhaust end of 
the valve' housing 3 when said piston 40 is in 
its extreme working position toward the right, 

- as shown in the drawing. The piston 40 is 
formed intermediate its ends with a single valve 
head 4 which effectively cuts off communica 
tion between the portions of the valve bore 32 
on either end thereof and which in the preferred 
arrangement is materially wider than the cylin 
der port 39, for example several times wider, as 
in the embodiment illustrated. In order to firm 
ly guide the valve piston 40 and to prevent bind 
ing, a plurality of guiding surfaces 42 extend 

- from the head 4 to the ends of the valve piston 
40, suitable recesses being formed circumfer 
entially between the guiding surfaces. 42 to per 
mit the passage of fluid. The guiding surfaces 
42 and intermediate recesses are so arranged 
that the hydraulic forces acting in a radial di 
rection on the valve piston 40 at any point are 

- 7balanced, in the usual nanner. 
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2,238,060 
The end of the valve piston 40 which lies in 

the high pressure end 33 of the valve bore 32 is 
acted upon by pressure fluid therein which tends 
to move the valve piston 40 toward the left, as 
viewed in the drawing. Maximum movement of 
the valve piston 40 in this direction is limited 
by a stop 43, comprising a pin driven through 
said valve piston 40 near its end, which is adapt 
ed to strike the shoulder 33' formed by the in 
ner end of the enlarged portion 33 of the valve 
bore 32. The arrangement is preferably made 
such that the stop 43 does not strike this shoul 
der until the valve piston 40 has moved a dis 
tance toward the left sufficient not only to con 
nect the cylinder port 39 with the high preSSure 
end 33 of the valve bore 32 but also to permit 
over-run of the valve head 4 a short distance 
(for example, s') beyond the point where this 
connection is established. 
The force acting on the valve piston 40 in a 

direction tending to move it toward the left is 
opposed by a force exerted by a spring 45 acting 
on the opposite end of the valve piston 40, that 
is the end thereof which is in the exhaust end 
of the valve bore 32, and urging it toward the 
right. The force of the spring 45 is transmitted 
to the end of the valve piston 40 by means of an 
intermediate end piece 46 of greater diameter 
than the counter-bore 36, so that the adjacent 
end of the valve housing 3 acts as a stop for 
the end piece 46 and limits the distance which 
said valve piston 40 can be moved toward the 
right by said spring 45. The drawing shows the 
poStion of the parts when the end piece 46 is 
against the end of the valve housing 3, with 
the valve piston 40 in the maximum position to 
Ward the right to which it can be moved by the 
spring 45. The arrangement is such that when 
the valve piston 40 is in this position, the head 
4 is to the right of the cylinder port 39 so that 
said cylinder port 39 is connected with the ex 
haust end of the valve bore 32, a short over-run 
beyond the point at which this connection is 
established also being preferably provided in this 
direction of movement of the valve piston 40. As 
the valve piston 40 is not attached to the end 
piece, 46 it is capable of movement still farther 
toward the right than the position in which it 
is shown in the drawing; such movement is un 
likely to occur but the maximum travel in this 
direction is limited by the plug 34 which closes 
the high pressure end 33 of the valve bore 32, 
this stop being provided to assure that the head 
4 will at all times be in the valve bore 32. 
The spring 45 is enclosed by a housing 47, one 

end of which is Suitably connected to the valve 
housing 3, as by the screw threaded connection 
shown, and the other end of which is closed by 
a plug 48. A screw 49 extends through the plug 
48 and provides means for adjusting the com 
pression of the spring 45, the screw 49 abutting 
against an abutment member 50 in engagement 
with the spring 45. 

In operation, the pump O is continuously 
driven and provides continuous delivery of pres 
sure fluid which passes into the discharge con 
duit 3, through the directional valve 5 and to 
the power cylinder 6 which is actuated thereby. 

Pressure fluid from the discharge conduit 3 
also passes through the pipe 35 into the high 
pressure end 33 of the valve bore 32 where it 
acts upon the exposed end of the valve piston 
40, as already explained. During rapid traverse 
the pressure of this fluid, as previously stated, 
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is relatively low so that the force which it ex 
erts on the exposed end of the valve piston 40 
is insufficient to overcome the opposing force of 
the spring 45 and the parts assume the position 
shown. The valve piston 40 is then in its ex 
treme working position toward the right and its 
head 4 is to the right of the cylinder, port 39. 
The cylinder port 39 is thus connected with the 
exhaust end of the valve bore 32, so that fluid 
may be exhausted from the right hand end of 
the adjusting cylinder 22 through the pipe con 
nection 24, the bore 32, the counterbore 36, the 
passage 37 and the pipe 38 to the tank 2. The 
adjusting piston 2 and adjusting rod 20, under 
action of the spring 25, are moved to their ex 
treme OutWard Or delivery increasing position 
as determined by the stop 27 and are held in this 
position as long as the fluid in the discharge 
conduit S and high pressure end 33 of the valve 
bore 32 remains under low pressure, as is the 
case during rapid traverse. The pump to is thus 
caused to deliver its maximum volume, as de 

O 

20 

termined by the stop 27, under relatively low 
pressure for rapid traverse. 
The resistance presented by the power cylin 

dier f will immediately increase to a relatively 
high amount upon completion of rapid traverse 
and the beginning of feed or slow traverse, caus 
ing a corresponding immediate increase in the 
pressure of the fluid in the discharge conduit 
3 and the high pressure end of the valve bore 

32. The force exerted by this relatively high 
pressure fluid on the end of the valve piston 40 
overcomes the resistance presented by the spring 
45 and moves the valve piston 40 to its working 
position toward the left, in which position the 
valve head 4 is to the left of the cylinder port 
39. The high pressure end of the valve bore 
2 is thus connected with the cylinder port 39 

so that pressure fluid is admitted to the right 
hand end of the adjusting cylinder 22. The ad 
justing piston 2 is immediately moved inward 
OF in a delivery decreasing direction as far as 
permitted by the stop 28. This movement of 
the adjusting piston 2 f causes similar move 
ment, of course, of the adjusting rod 20 so that 
the volume of fluid delivered by the pump to 
is reduced to the minimum determined by the 
stop 28 and is held in this minimum delivery po 
sition as long as the pressure of the fluid acting 
on the end of the valve piston 40 in the high 
pressure end of the valve bore 32 remains rela 
tively high, as will be the case throughout feed 
or slow traverse. ' 
The pressure of the fluid in the discharge con 

duit 3 and hence in the high pressure end of 
the valve bore 32 will again drop to a relatively 
ow amount upon completion of feedi or slow 
traverse and the beginning of rapid traverse. 
Immediately upon this, pressure drop, the valve 
piston 40, the adjusting piston 2 and adjusting 
rod 2 will be returned to their positions as 
shown and the fluid volume delivered by the 
pump will thus immediately be increased to 
the maximum determined by the stop 2. 
The control valve and power adjusting mecha 

nism of the present invention therefore act co 
operatively to effect delivery of the maximum 

2 5 

30 

3 5 

40 

3 5 

60 

volume of fluid at low pressure for rapid traverse 
and to effect delivery of minimum fluid volume 
at relatively high pressure for feed or slow traw. 

i erse. The change from maximum to minimum 
volumes, or vice versa, is made responsive to 
change in the pressure of the working fluid in 
the discharge conduit 3 and, while described 

---. '' 

3 
somewhat progressively, takes place substantially 
instantaneously and without interruption. The 
fluid volume delivered by the pump to is thus 
at all times kept at either maximum or minimum 
except, of course, for the constantly changing 
volume incident to the almost instantaneous 
variation from one to the other of these extreme amounts, which is practically negligible. By 
adjustment of the stops 27 and 28, the maximum 
and minimum fluid volumes may be made such 
as to produce the desired rates of movement of 
the power cylinder 6 for rapid traverse and for 
feed or slow traverse respectively. Likewise, by 
adjustment of the compression of the Spring 45 
the pressure of the fluid in the discharge con 
duit 3 required to effect the shift from maxi 
mum to minimum volume, or vice versa, may be 
varied and controlled. 
The feed and rapid traverse System of the 

present invention has numerous advantages. It 
makes possible, for example, the use of one vari 
able delivery pump instead of two constant de 
livery pumps, such as are frequently employed 
for this purpose. It reduces the necessity for 
by-passing fluid during feed or slow traverse and 
can be so adjusted that by-passing is entirely 
eliminated; this saves power and avoids heating 
and churning of the fluid, which is usually oil. 
It is efficient, reduces to a minimum the power 
required to supply the needed actuating fluid 
and permits the use of a small and inexpensive 
electric motor to drive the pump; for example, 
losses neglected, an electric motor delivering two 
and one-half H. P. will drive the pump to deliver . 
approximately four and one-fourth gallons per 
minute of fluid at 1,000 lbs. per sq. in. pressure 
for feed or slow traverse and approximately 17 
gals. per minute at 250 lbs. per sq. in, pressure 
for rapid traverse. 
Another important advantage of the system 

of the present invention is that the volume de 
livered both for rapid traverse and for feed or 
slow traverse are held steady without surging 
Or pulsation due to change in the pump's de 
livery. There is no “hunting' and the delivered 
volume is not affected by minor variations in 
operating pressure of the fluid in the discharge 
conduit 3. This is due to the fact that the 
pump's delivered volume is maintained at maxi 
mum whenever the pressure in the discharge 
conduit 3 is below the amount necessary to 
move the valve piston 40 against the spring 45 
a distance sufficient to connect the cylinder port 
39 with the high pressure end 33 of the valve 
bore 32. The valve piston 40 is free, of course, 
to move toward the left to some extent under 
lower pressures, but the connection between the 
cylinder port 39 and the valve bore's high pres 
sure end 33 cannot be established until the piston 
head 4 has been moved to the left of said cylin 
der port 39, and this cannot occur until the 
pressure of the fluid reaches an amount deter 
mined by the setting of the spring 45. Minor 
variations in the pressure below this amount do 
not, therefore, have any effect on the pump's 
delivery. Similarly, the delivery of the pump 
will be held steadily and continuously at mini 
mum as long as the pressure of the fluid in the 
discharge conduit 3 is equal to or greater than 
the amount, as determined by the spring 45, 
necessary to connect the cylinder port 39 with 
the valve bore's high pressure end 33, regardless 
of variations in the pressure above this amount. 
The extra width of the valve piston head 4 , 
as compared to the width of the cylinder port 
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39, thus prevents change of the existing connec 
tion between the end of the adjusting cylinder 
22 and the cylinder port 39, from the fluid pres 
sure admission connection to the exhaust con 
nection, or vice versa, upon small fluctuations of 
the pressure in the discharge conduit f3 and 
thereby assists in eliminating any "hunting' 
tendency. The pressure employed for feed or 
slow traverse is usually substantially higher than 
that used for rapid traverse so that there is no lo 
difficulty in setting the spring 45 to bring about 
the shift from maximum volume to minimum vol 
lume, or vice versa, at a satisfactory intermediate 
pressure and, if desired, the difference in pres 
Sures necessary to effect this shift may be held l3 
within a relatively narrow range, as by making . 
the spring 45 with a low rate (i. e., such that a 
relatively small added increment of load is re 
quired to produce a given amount of total de 
flection of the spring). 20 

In addition to the operating advantages which 
it makes possible, the novel construction of the 
control valve mechanism also results in easy and 
relatively inexpensive manufacture. Only one 
close fit is required in its entire structure and 25 
that is the relatively simple one of fitting the 
valve piston 40 into the valve bore 32. The valve 
head 4 and guiding surfaces 42 are of the same 
diameter so that the valve piston 40 may be 
readily ground from end to end to the proper 30 
Sae. 

No other precise sizes are required anywhere 
in the structure and ordinary machining toler 
ances, such as E.010' or +44', may be other 
Wise used throughout. For example, it is not 
necessary to hold the length of the valve bore 
32 or of the valve piston 40 to a precise dimen 
Sion. Likewise, there is no exact requirement 
either as to the width (i. e. axial length) of the 
cylinder port 39 and valve head 4 or as to their 
relative positions in the valve bore 32 and on 
the valve piston 40 respectively. Minor varia 
tions in size or relative position of these parts 
merely affects the amount of over-run of the 
valve head 4. The width of the valve head 4 45 
must, of course, be at least equal to the width 
of the cylinder port 39 and in many instances 
its width may be considerably greater than that 
of the cylinder port 39, which is the arrange 
ment illustrated in the drawing; such excess 50 
width of the valve head 4 has no effect on the 
operation except to increase the pressure range 
during which said valve head 4 completely cov 
ers the cylinder port 39 and thus cuts off com 
munication between the cylinder port 39 and 55 
both ends of the valve bore 32, thereby assisting 
in elimination of “hunting,' as already ex 
plained. 
Another feature of this control valve mecha 

nism is that the high pressure fluid is confined 00 
to the bore of the short and relatively easily 
made valve housing 3, in which all fluid con 
nections to and from the valve mechanism are 
also made. This permits the use of inexpensive 
material such as thin steel tubing for the spring 
housing 47, as its bore is connected with the ex 
haust, and also makes it possible to use simple 
threaded joints at both ends of the spring hous 
lag. O 

It will be understood that the foregoing is 
merely exemplifying disclosure and that changes 
may be made in the apparatus without depart 
ing from the applicant's invention as defined in 
the appended claims. 
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I claim: 
l. In a fluid circulating System comprising a 

fluid operated member having a rapid traverse 
low pressure stroke and a slow traverse high 
pressure stroke, and a variable delivery pump 
having a fluid discharge conduit connected with 
said fluid operated member and delivering the 
whole fluid pressure supply volumes for both 
rapid and slow traverse strokes, in combination, 
a delivery control and determining device for 
said pump operable to one predetermined posi 
tion to effect the delivery needed for the rapid 
traverse and to another predetermined position 
to effect the delivery for the slow traverse stroke, 
fluid pressure operated means for effecting an 
instantaneous shift of said device from one of 
said positions to the other upon transition of 
the fluid operated member from one stroke to 
the other, stops limiting the movement of the 
fluid pressure operated means in both directions 
for determining the deliveries during the rapid 
traverse and the slow traverse strokes respec 
tively, said fluid pressure operated means com 
prising a fluid pressure piston Operated in one 
direction by fluid pressure and in the other 
direction by a spring, and means responsive to 
the change in pressure in the discharge conduit 
upon transition of the fluid operated member 
from one stroke to the other for controlling said 
fluid pressure operated means and causing said 
instantaneous shifts and for holding said fluid 
pressure operated means against movement upon 
changes in pressure in said discharge conduit 
other than changes incident to transition of the 
fluid operated member from one stroke to an 
other. 

2. In a fluid circulating system comprising a 
fluid Operated member having a rapid traverse low 
pressure Stroke and a slow traverse high pressure 
stroke, and a variable delivery pump having a 
fluid discharge conduit connected with said fluid 
operated member and delivering the whole fluid 
pressure Supply volumes for both rapid and 
slow traverse strokes, in combination a delivery 
control and determining device for said pump 
operable to one predetermined position to effect 
the delivery needed for the rapid traverse and 
to another predetermined position to effect the 
delivery for the slow traverse stroke, fluid pres 
sure operated means for effecting an instan 
taneous shift of said device from one of Said 
positions to the other upon transition of the 
fluid Operated member from one stroke to the 
other, stops limiting the movement of the fluid 
preSSure operated means in both directions for 
determining the deliveries during the rapid 
traverse and the slow traverse strokes respec 
tively, and a fluid pressure operated valve re 
Sponsive to the change in pressure in the dis 
charge conduit for controlling said fluid pres 
Sure operated means comprising a cylinder one 
end of which is always in connection with the 
discharge conduit, said cylinder including an 
annular port connected with said fluid pressure 
Operated means, a piston therein provided with 
a head wider than said annular port, said piston 
at low pressures connecting the fluid pressure 
operated means with the exhaust, at high pres 
Sure connecting said fluid pressure operated 
means with the discharge conduit and at inter 
mediate pressures disconnecting said fluid pres 
Sure operated means from both said discharge 
conduit and said exhaust, and a spring actuating 
Said piston valve in one direction. 

3. In a fluid circulating system comprising a 
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fluid operated member having a rapid traverse 
low pressure stroke and a slow traverse high 
pressure stroke, and a variable delivery pump 
having a fluid discharge conduit connected with 
said fluid operated member and delivering the 
whole fluid pressure supply volumes for both 
rapid and slow traverse strokes, in combination, 
a delivery control and determining device for 
said pump operable to one predetermined posi 
tion to effect the delivery needed for the rapid 
traverse and to another predetermined position 
to effect the delivery for the slow traverse stroke, 
power actuated means for effecting an instan 
taneous shift of said device from one of said 
positions to the other upon transition of the 
fiuid operated member from one stroke to the 
other, and means responsive only to the large 
changes in pressure in the discharge conduit 
incident to transition of the fluid operated mem 
ber from one stroke to the other for controlling 
said power actuated means and causing said 
instantaneous shifts. 

4. In a fluid circulating system comprising a 
fluid operated member having, a rapid traverse 
low pressure stroke and a slow traverse high 
pressure stroke, and a variable delivery pump 
having a fluid discharge conduit connected with 
said fluid operated member and delivering the 
whole fluid pressure supply volumes for both 
rapid and slow traverse strokes, in combination, 
a delivery control and determining device for 
said pump operable to a predetermined mini 
mum delivery position above Zero and to a pre 
determined maximum delivery position, power 
actuated means for said. delivery determining 
device holding the latter in one or the other of 
said predetermined positions, and means re 
sponsive to the changes in pressure in the dis 
charge conduit due to transition of the member 
from one stroke to the other for controlling 
the shifting of the device from one position to 
the other, said last named means having a range 
of movement responsive to intermediate pres 
sures in said discharge conduit in which said 
device is maintained in the position occupied 
prior to the occurrence of said intermediate 
pressures. 

5. In a fluid 
fluid operated member and a variable delivery 
pump having a discharge conduit connected with 
said fluid operated member, in combination, a 
delivery determining device for said pump oper 
able to a predetermined minimum delivery po 
sition above Zero delivery and to a predeter 
mined maximum delivery position, a fluid-pres 
sure piston reciprocable in a cylinder and active 
to hold said device in said minimum delivery po 
sition upon admission of pressure fluid to said 
cylinder and also active to hold said device in 
Said maximum delivery position upon exhaust of 
fluid from said cylinder, and valve means re 
sponsive to the pressure of the fluid in said dis 
charge conduit for regulating the admission of 
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pressure fluid to said cylinder and the exhaust 
of fluid therefron, said valve means including a 
valve bore having a fluid pressure supply port, 
a fluid exhaust port and a cylinder port con 
nected with said cylinder, said valve means also 
including a valve piston movable in said bore 
responsive to fluid pressure in said discharge 
conduit and active to control the admission of 
pressure fluid to said cylinder port and the ex 
haust of fluid therefrom, said valve piston hav 
ing one range of movement responsive to rela 
tively high pressures in said discharge conduit 
in which range said cylinder port is connected 
With said fluid pressure supply port, said valve 
piston having another range of movement re 
sponsive to relatively low pressures in said dis 
charge conduit in which range said cylinder port 
is connected with said exhaust port, and said 
valve piston also having "an intermediate range 
of movement responsive to pressures in said dis 
charge conduit intermediate said relatively low 
and relatively high pressures in which range said 
cylinder port is disconnected from both said fluid 
pressure supply port and said exhaust port, 
whereby said delivery determining device is held 
in the predetermined delivery position occupied 
prior to the occurrence of said intermediate pres 
Sures in said discharge conduit. 

6. In a fluid circulating system comprising a 
fluid Operated member having a rapid traverse 
low pressure stroke and a slow traverse high 
pressure stroke, and a variable delivery pump 
having a fluid discharge conduit connected with 
said fluid Operated member and delivering the 
whole fluid pressure supply volumes for both 
rapid and slow traverse strokes, in combination, 
a delivery control and determining device for 
said pump operable to one predetermined posi 
tion to effect the delivery needed for the rapid 
traverse and to another predetermined position 
to effect the delivery for the slow traverse stroke, 
a cylinder and piston operated to one position 
by a spring and to the other position by fluid 
pressure for effecting an instantaneous shift of 
Said device from one of said traverse positions to 
the other incident to transition of the fluid op 
erated member from one stroke to the other and 
a second cylinder having a port at one end con 
nected with the fluid discharge conduit of the 
pump and another port axially removed from 
the first named port and in communication with 
Said first named cylinder and a piston in said 
last named cylinder responsive only to the large 
changes in pressure in the discharge conduit in 
cident to transition of the fluid operated mem 
ber from one stroke to the other for connecting 
and disconnecting the ports of said second named 
cylinder, including means for exhausting fluid 
pressure from said first named cylinder at pres 
Sures in the discharge conduit below a predeter 
nined value. 

CHARLES M. KENTORICE. 


