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HYDRAULIC CROSS-REGENERATIVE CIRCUIT

Robert E. Pfitzenmeier, Fanwoed, N.J., assignor of one-
fourth to Addison T. Smith, Maplewood, N.J.

Filed June 13, 1958, Ser. No. 741,945
13 Claims. (Cl. 60—97)

This invention relates in general to hydraulic control
systems and more particularly to a hydraulic cross-regen-
erative circuit for connecting two or more cylinders to-
gether.

It is an object of the invention to provide dual hydrau-
lic cylinders each having a blind end chamber and a
rod end chamber, the rod end chamber of each cylinder
being connected to the blind end chamber of the other
cylinder by any fluid line.

Another object of the invention is to provide-three
or more hydraulic cylinders each having a blind end
chamber and a rod end chamber, with the rod end cham-
ber of each cylinder being connected by a fluid line to
the blind end chamber of only one other cylinder and
with each blind end chamber being connected by a fluid
line to the rod end chamber of only one other cylinder.

Another object of my invention, in a multiple hydraulic
cylinder cross-regenerative circuit, is that the difference
in cylinder velocities due to dissimilar flows into and
out of the hydraulic system is less than it would be in a
normal regenerative circuit.

Another object of my invention, in a multiple hydraulic
cylinder cross-regenerative circuit, is that the difference
in pressure due to dissimilar work loads is less than it
would be in a normal regenerative circuit.

Other objects and a better understanding of my in-
vention may be had by referring to the following descrip-
tion and claims taken in conjunction with the accom-
panying drawings, in which:

Figure 1 shows a cross-regenerative dual cylinder hy-
draulic circuit in direct relation with a pump, a three-
way valve, and a flow control device; and

Figure 2 shows a cross-regenerative hydraulic circuit
connecting three hydraulic cylinders together.

With specific reference to Figure 1 of the drawings, a
dual cylinder hydraulic cross-regenerative circuit is desig-
nated by the reference character 10. The circuit 10 com-
prises generally dual hydraulic cylinders 12 and 13 often
referred to as reciprocating differential motors, each be-
ing supplied with hydraulic fluid under pressure from a
fluid supply source 15 and 16 and each being regulated
by a three-way valve 18 and 19 and a flow control de-
vice 21 and 22. The three-way valves 18 and 19 regulate
the direction of fluid flow and the flow control devices 21
and 22 determine the amount of flow into and out of the
cylinders 12 and 13.

The fluid supply sources 15 and 16 may be standard
pumps which pump fluid under pressure to the cylinders
12 and 13, respectively. Return flow conduits 42 and
43 connected to the fluid supply sources 15 and 16 and to
the three-way valves 18 and 19, respectively, permit the
returning fluid to flow back into the fluid supply sources
15 and 16. The fluid supply source 15 is connected to
the cylinder 12 by a conduit 33 and the fluid supply source
16 is connected to the cylinder 13 by a conduit 34. Itis
understood that the conduits 33 and 34 may be of any
size and of any material available on the market today.

The cylinders 12 and 13 each have pistons 24 and 25,
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respectively, mounted therein reciprocable intermediate
their ends, which divide the cylinders into blind end
chambers 40 and into rod end chambers 41, respectively.
Connected to each piston 24 and 25 are piston rods 27:and-
28, respectively. The piston rods 27 and 28 pass through
the rod end chambers 41 of the cylinders 12 and 13 and
extend externally thereof and engage movable Wwork
loads 30 and 31, respectively. It is understood that if
double rods are employed in each cylinder, the end of
a double rod hydraulic cylinder with the smaller rod diam-
eter will be also referred to as the blind end chamber of
the cylinder. The movablé work loads 30 and 31 may
be parts to be moved on modern tool machines and
automation egquipment. The cylinders 12 and 13 con-
nected by the cross-regenerative circuit 10 may also be
used in industry in general for pushing, pulling, lifting,
lowering, feeding, transferring, riveting, shearing and
counterbalancing. : N

The blind end chambers 4¢ of cylinders 12 and 13
have ports 45 therein to permit the passage of fiuid there-
through. The rod end chambers 41 of cylinders 12 and
13 also have ports 46 to permit the passage of fluid there:
through. A conduit 37 is connected to port 45 of the
blind end chamber 40 of the cylinder 12 and to the port
46 of the rod end chamber 41 of the cylinder 13. ‘A
conduit 36 is connected to the port 45 of the blind end
chamber 40 of cylinder 13 and to the port 46 of the rod
end chamber 41 of the cylinder 12. B :

The dual cylinder hydraulic cross-regenerative circuit
10 has primarily two beneficial functions. The first func-
tion of the circuit 16 is to cause the difference in cylinder
velocities “due to dissimilar fluid flows into or out of
the system to be less than it would be in a normal regen-
erative circuit. The second function of the circuit is
to cause the difference in pressures acting on the pistons 24
and 25 due to dissimilar work loads 30 and 31 to be less
than it would be in a normal regenerative circuit, :

The present invention of the hydraulic cross-regenera=
tive circuit 10 differs from the normal regenerative cir-
cuit in that the dual cylinders embodied in the normal
regenerative circuit are not cross-connected by - conduits
but the blind end chamber and the rod end chamber in
each cylinder are connected by conduits to each other.
Thus, on the upstroke of the piston, the fluid displaced
in the rod end chamber will flow back into the blind end
chamber. of the same cylinder. Thus, dual hydraulic
cylinders in a normal regenerative circuit are independent
of each other. ) .

One of the functions of the cross-regenerative circuit
10 is to cause the difference in cylinder -velocities ‘due
to dissimilar flows into and out of the hydraulic system
to be less than it would be in the normal regenerative
circuit. - The dissimilar flows in to or out of the system
are mainly caused by differences in the flow control de-
vices 21 and 22. It is difficult to adjust (or manufacture)
one flow control device exactly the same “as another to
permit exactly the same amount of fluid to flow through
both of them. Thus, because it is difficult to adjust (or
manufacture) the flow control devices 21 and 22 exactly
the same and since cylinder velocity is directly propoi-
tional to fluid flow into or out of the system, it is highly
desirable to have a circuit that will cause the pistons to
move in as perfect synchronism as possible. It is under-
stood that the difference in dissimilar flows, due to the
difficulty of adjusting or-manufacturing the flow ‘control
devices precisely, is very slight. For example, if 10 gallons.
per minute were required, one flow control device may
pass 9.990 gallons per minute and the other flow control
device may pass 10.010 gallons per minute. But even
this minute difference may cause the pistons in a normal
regenerative circuit, in a total travel length of 40 inches,
to be off ¥4 of an inch or more. In close tolerance work,
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thls iv_z'ide,,tolerance of' Y4 - of an inch is undesirable. It

~will be shown that the cross-regenerative circuit 10 will-

cause the cylinder velocities due to dissimilar flows to be
less than.they would be in a normal regenerative circuit
and in a travel of 40-inches in the present invention, the
travel tolerance between the two plstons may ‘be as small
as%eofanmchorless L

" . In.the following flow.formulas for cross-regeneratrve
circuit, let Q-equal the total flow into or out of the blind
end of the cylinder; let B equal the cylinder rod chamber
area divided by the cyhnder blind chamber area; and let.
Qm: equal the controlled rate of flow into or out of the sys-
tem.- It is;understood in all the formulas given that the
subscript; represents cylinder 12 and .the subscript, repre-
sents cylinder 13, Thus the ﬂow formulas for cross-re-
generative circuits-are:-

0y equals Om; plus ByQy
Q, equals sz plus BlQl

Applymg the two equatlons above mentioned, it is now
’ possrble to assign values to the letters in' the formulas
and prove that-the difference in cylinder velocities-in the
cross-regenerative circuit due fo dissimilar flows is less
“than it would be in the normal regenerative. circuit. .
"With specific reference to Figure I of the drawings, the
followmg values are assigned to the different parts shown.
In this partlcula,r case, the diameters of the cylinders are

(Equation'l cylinder 12)
(Equatron 2, cylmder 13)
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of the cylmder Thus, in the normal regeneratlve circuit,
the plston in cylinder 13 will move eight units while the
piston in cylinder 12 during the same interval of time will
have moved only four units, a. difference of four wunits.
In the cross-regenerative circuit, the difference in umit
travel of the pistons in cylinders 12 and 13.is only one
and one-third (1¥4) units; < Thus; the pistons in the cross-
regenerative circuit will be in .closer’ synchromsm than in
a normal circuit. - It is understood that thé -unifs given
hereinabove are hypothetical .and for; illustration, only, but
the same flow formulas would apply .for any: values:given.

For a cross-regenerative circuit receiving 9.990 gallons

- per minute into the system: at cylinder 12 and receiving

15

10.010 gallons per minute into.the system at cylinder 13,
the fluid flow into the blind end chamber 49.at cylinder
12 will be 19.9933 gallons per minute and the fluid flow
into the blind end chamber 40 at cylinder 13 will be

©'20.0066 gallons per minute, Thus, the difference in fluid

20

flow will be .0133-gallon per- mmute while the difference
in fluid flow in the normal regeneratlve circuit will be .04,
thus three times as much as in the cross-regeneratlve cir-
cuit 10

In actual practlce for typlcal mstallatmns, the stroke

travel -tolerance or variance between the two pistons in

26

identical and-the diameters of the rods are identical. -Ac~ -~

’cordmgly, the overall effect is thaf the cylinders 12 and 13
are matched Assume that in cylinder 12, le equals
2 gallons per minufe and B; equals 5. ‘Further assume
that in cylmder 13, Qm, equals 4 gallons per minute and
B, equals 5.

It is understood that in this particular case for sim-
phc1ty, the dissimilar flows are 4 gallons per minute and
2 gallons per minute, instead of 9.990 -gallons per minute
and-10.010 gallons. per mmute In actunal practice, dis-

30

35

similar ﬂows from two different flow - control- devices - . .

would never be two gallons per minute unless it was de-
sirable to have the velocity of one piston to be faster than
the other. The following is purely a hypothetical case. -

40

~With these values substituted in the Equatlons l .and 2, :

the equations become:
Q1 equals 2. plus-.5(Q3)
-Qq equals 5 plus S(0y) -

The next step is to substitute the value of Equauon 4into
Equation 3 and the. equatlon becomes:

, Q1 equals 2 plus 54 plus S0

(Equa’uon 3, cylmder 12)
(Equatlon 4, cylinder 13)

(Equatlon 5, cyllnder 12)

o Removmg the brackets Equatlon 5 becomes:

_Q1 equa]s 2 plus 2 plus 250,
- (Equation 6 cylmder 12)

) Groupmg llke terms, Equanon 6 becomes

750, equals»4 (Equation 7 cylmder 12)

Thu3' o equals 5% -gallons per minute. Substitute the
value 5¥5.in Equation’ 4 and the equatron becomes: -

O equals 4 plus 5(5¥5) (Equatron 8, cylinder 12)
Removmg the brackets and addmg, Equatlon 8 becomies:

" Q, equals 6% gallons per minute”

Usmg the same ﬁgures ‘employed above, - it is found
thgt Q; in the normal regenerative circuit equals 8 gallons
per minute.and that 0 equals 4 gallons per minute.-
is noted: that the difference of flow into the blind end
chambers of .cylinders 12 and 13 in the cross-regener-
ative circuit is 1% gallons per minute while the difference

SIt.
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50

the cross-regenerative circuit, may ‘be, for example, as
small as ¥¢ of an inch, while in a normal- regenerative

" circuit, the stroke travel variance under the same herein-

above-mentioned conditions may be, for example, as large
as four-inches or more. Thus, in the cross:regenerative.
circuit, the difference in. cylinder velocities due to dis-
similar flows into and-out of.the hydraulic system ‘is less
than it would be in a normal regenerative circuit. "

- Another function of the cross-regenerative. circuit 16 is
to cause. the difference in pressure. acting on pistons 24
and 25 due to dissimilar work loads 30 and 31 to be less
than it would be in a normal regenerative circuit. As-
sume that the pistons in cylinders 12 and 13 in the normal
regenerative circuit are on the upstroke and at a given in-
stant the work load at cylinder 12 is rapidly decreased.
The piston 24 would tend to surge forward at that instant
due to-the pressure acting on: a lighter. work load of the
piston and thus the affected piston 24 would not be syn-
chronous with ‘the other piston 25.: Thus.dissimilar or
changing. work loads, as well as dlssxmrlar flows, tend.to
cause a difference in -cylinder velocities and fluid pres-
sures. - Assume that in the cross:regenerative circuit on
the upstroke the work load-on cylinder 12 is rapidly de-
creased. Due to_the pressure -acting on the lighter work
lIoad of the affected piston 24,.that piston: will surge for-
ward: Since the blind end chanibers are connected to the
rod end chambers of each cylinder, the pressure acting on
one piston affects the pressure acting on the other piston.

. Thus, when the pressure is changed in one chamber, the
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_of flow in the normal regeneratlve c1rcu1t is 4 gallons per. -

minute.
CTt §s well known that cylmder velocity is drrectly pro-
o portxonal to_flow .into or out. of the blind- end chamber

75

pressure will also be changed in‘the other chamber which
is cross-connected thereto.: This tendency. ‘in.the cross-
regenerative circuit for the difference in. pressure to be-
come smaller in both pistons has a tendency to keep the
two-pistons in more perfect synchronism and freé¢ from a

-jerking motion.. In a typical case, for example assume
- that two pistons are on the upstroke and at a given mo-

ment-the work load on-one piston decreases from 2400
pounds to -1200° pounds. - At that instant, the affected
piston may, for example, surge forward 44 of an inch. If
the pistons are not cross-connected this change in the

- work load at one piston will ‘not affect the ‘other piston.

In the cross-regenerative circuit, @ change in pressure act-

- ing at one piston affects’ the pressiire acting ont the other

piston so that the prstons will keep in closer synchronism
than they would be in a normal regenerative circuif.

In the following pressure formulas, fet P equal pres-
sure; let W equal the work load or load reaction . force,
including gravity; let A equal the. cylmdncal area of .the-
blind end chambers: 40; let C equal the cylmdrvcal area.
of the rod end chambers 41, : :
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Thus the pressure formulas for the cross-regenerative
circuit are:

W, equals A,P; minus Ci Py
and

(Equation 9, cylinder 12)

W, equals AoP; minus CoP;  (Equation 10, cylinder 13)

Applying the two equations mentioned above, it is
now possible to assign values to the letters in the equa-
tions and prove that difference in pressures acting on
the pistons 24 and 25 due to dissimilar work loads 30
and 31 is less than it would be in a normal regenerative
circuit, ’

Again with specific reference to Figure 1 of the draw-
ings, the following values are assigned to the different
parts shown. In this particular case, the diameters of
the cylinders and of the rods are identical. Accordingly,
the overall effect is that the cylinders 12 and 13 are
matched. Assume that in cylinder 12, W, equals 1200
pounds; 4; equals 5 square inches; and C; equals 2.5
square inches. Further assume that in cylinder 13, W,
equals 2400 pounds; 4, equals 5 square inches; and C,
equals 2.5 square inches. It is understood that the figures
given above are hypothetical and for illustration only.
With these values substituted in the Equations 9 and 10
for finding pressure in the cross-regenerative circuit, the
equation becomes:

1200 equals 5P; minus 2.5P,
(Equation 11, cylinder 12)

2400 equals 5P, minus 2.5P,
(Equation 12, cylinder 13)

Since P; and P, are the unknowns, Equations 11 and
12 are rewritten for P; and P, and become:

P, equals (1200 plus 2.5P,) divided by 5
(Equation 13, cylinder 12)

Py equals (2400 plus 2.5P,) divided by 5
(Equation 14, cylinder 13)

Dividing Equations 13 and 14 by 5, the Equations
become:

P, equals 240 plus .5P, (Equation 15, cylinder 12)
P, equals 480 plus .5P; (Equatioq 16, cylinder 13)

Substituting the value for P, into Equation 15, the equa-
tion becomes:

P, equals 240 plus .5(480 plus .5P;)

(Equation 17, cylinder 12)
Removing the brackets and grouping like terms, the
Equation 17 becomes:

.75P; equals 480 (Equation 18, cylinder 12)

Thus, P; equals 640 p.s.i. on cylinder 12. Substituting
the value 640 in Equation 16:

Thus, P, equals 800 p.s.i. on cylinder 13.

Using the same figures for finding pressure as em-
ployed hereinabove, it is found that P; in the normal
regenerative circuit equals 480 pounds per square inch
and that P, equals 960 pounds per square inch. It is
noted that the difference of pressure acting on the pistons
in the cross-regenerative circuit is 160 pounds per square
inch, while the difference of pressure acting on the pistons
in the normal circuit is 480 pounds per square inch.

It is understood that the hereinabove values for P;
and P, in the cross-regenerative and normal regenera-
tive circuits are hypothetical and serve for illustration
purposes only. But it is also understood that the above-
mentioned pressure formulas can be used for any values
desired.

With specific reference to Figure 2 of the drawings, a
multiple cylinder hydraulic cross-regenerative circuit is
designated by the reference character 11. The circuit 11
comprises generally three hydraulic cylinders 12, 13 and
14, each being supplied with hydraulic fluid under pres-
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6
sure from a fluid supply source 15, 16 and 17 and each
being regulated by a three-way valve 18, 19 and 20 and
a flow control device 21, 22 and 23. The three-way
valves 18, 19 and 20 and the flow control devices 21,
22 and 23 have the same function as in the dual cylinder
hydraulic cross-regenerative circuit 10. The fluid sup-
ply sources 15, 16 and 17 may be standard pumps and
of the type described hereinabove and employed in the
circuit shown in Figure 1. The fluid supply sources
15, 16 and 17 are connected to the cylinders 12, 13 and
14 by means of conduits 33, 34 and 35, respectively, and
the conduits may be of the type described hereinabove.

The cylinder 14 is the same type as cylinders 12 and
13 shown in Figure 1 and described hereinabove. Cyl-
inder 14 has a piston 26 mounted therein reciprocable
intermediate its end, which divides the cylinder into the
blind end chamber 40 and the rod end chamber 41. Con-
nected to the piston 26 is a piston rod 29 which passes
through the rod end chamber 41 and extends externally
thereof and engages a movable work load 32. It is
understood that the work load 32 may be the same as the
loads 30 and 31.

The blind end chamber 40 and the rod end chamber
41 of the cylinder 14 have ports 45 and 46, respectively,
to permit the passage of fluid therethrough. As shown
specifically in Figure 2 of the drawings, the conduit 36
is connected to port 45 of the blind end chamber 40 of
cylinder 13 and to port 46 of the rod end chamber 41
of cylinder 12. A conduit 38 is connected to port 45
of the blind end chamber 40 of cylinder 14 and to port
46 of the rod end chamber 41 of cylinder 13. A conduit
39 is connected to port 45 of the blind end chamber 40
of cylinder 12 and to port 46 of the rod end chamber 41
of cylinder 14. Thus, the rod end chamber 41 of each
cylinder is connected by a conduit or fluid line to the
blind end chamber 40 of only one other ¢ylinder and the
blind end chamber 40 is connected by a fluid line to the
rod end chamber 41 of only one other cylinder.

The multiple cylinder hydraulic cross-regenerative cir-
cuit 11 has primarily the same functions as the dual
cylinder hydraulic cross-regenerative circuit 10, which
are described fully hereinabove. It is understood that
more than three cylinders may be employed in the multi-
ple cylinder hydraulic cross-regenerative circuit 11. Thus,
any number of hydraulic cylinders may be employed in
the circunit 11, as long as they are connected in the man-
ner described.

The pistons upon completion of their power stroke
may be returned to the beginning of a new stroke by the
work actuating devices or by any external force. The
return travel of the pistons would be controlled by syn-
chronization of the system, the same as they are con-
trolled on the power stroke. The flow control device
and the cross-connected pistons would operate the same
on the return stroke but in a reverse direction. Also,
the pistons may be returned to the beginning of a new
stroke by additional valving by drawing out the fluid
in the cylinder chambers through external fluid circuits.

It is understood that the cylinders may be connected
to a single fluid source, with a flow control device con-
nected respectively in fluid circuit relation with each
cylinder. In some installations, a single fluid source and
a single flow control device connected respectively to all
the cylinders may be used. Also in some installations the
flow control device may- be entirely eliminated in the
case of substantially uniform loading.

Although this invention has been described in its pre-
ferred form with a certain degree of particularity, it is
understood that the present disclosure of the preferred
form has been made only by way of example and that
numerous changes in the details of construction and the
combination -and arrangement of parts may be resorted
to without departing from the spirit- and scope of the
invention as hereinafter claimed.
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_ "What is claimed is:- .
“1. A ‘hydraulic’ cross-regeneratlve circuit adapted ‘to

be connected to a-fluid supply source comprising, in com-
,bmanon first and second cylinders, said first ¢ylinder hav-
ifig a first piston ‘mounted therein reciprocable intermedi-
ateits ‘ends; ‘said first piston h'wmg first and second pis-
© ton end areas dividing said first cylinder into first and sec-
ond chambers, a first piston rod connected to said first pis-
ton and extending from said second piston end area there-
of,-said first piston rod passing through said second cham-
. ber in said first ¢cylinder and extending externaily thereof
for performing work, said ‘second cylinder having a sec-
-ond piston mounted therein reciprocable mtermedmte its
ends said second piston having first and second piston end
~areas ‘dividing said second cyhnder into first ‘and second
chambers; a. second -piston Tod connected to said second
piston and extending from said second piston end area
thereof, said second piston rod passing through said sec-
ond' chamber .in. said second cylinder and extending ex-
ternally: thereof for performing work, said first: piston
.-end area of said first piston being larger than said second
piston area, thereof, said first piston end area of said sec-
ond piston. being ldrger than said second piston' area
“thereof, :said first and second chambers in said first and
second cylinders-having port means therein permitting
the passage of fluid therethrough, first conduit means con-
necting sdid port means in said first chamber of said first
cylinder with said fluid supply source, second conduit
means. connecting said -port means in said first chamber
of said second cylinder with said fluid supply - source,
third conduit means connecting said port means in said
first chamber of said first cylinder with said port mieans in
said second chamber of said second cylinder, fourth con-
duit means. connecting said port means in said first cham-

ber of said second cylinder:with said port means in said

second chamber of said first cylinder.

2.. A-hydraulic cross-regenerative circitit adapted to be
connected to a fluid supply source comprising in combina-
tion, first and second cylinders; said first cylinder having
piston means mounted therein rec1procable intermediate
its- ends and dividing said first cylinder into first and
second chambers, said second cylinder having piston mearis
mounted ‘therein reciprocable intermediate. its ends and
dividing said second cylinder into first and second cham-
bers, said piston means each having first and. second end
areas, said first end area exposed to said first chamber
and 'said 'second end area exposed to said-second chamber,
means connected to said second end area of each of said
piston. means and extending externally of said reﬁpecuve
cylinders for performing work, said second end -area of
said piston means being smaller than said first end-area

of .said’ pistori Theans, said first and second chambers in’

said first and second cylinders having port means therein
" permitting the passage of fluid therethrough, first conduit
means: connecting said port means in said first chamber

of said first cylinder with said fluid supply scurce, second

condpit 'means - connecting said port means in said first
chamber of said second cylinder with said fluid supply
source, third conduit-means connecting said port means
in- said first chamber of said first cylinder with said port
~ means in-said second chamber of said second cyhnder,
fourth conduit: means connecting said port means in said
first chamber of said second cylinder with said port means
in said second chamber of said first cylinder.

3. A" hydraulic cross-regenerative circuit. adapted  to
be connected to- a flnid supply source comprising in com-
bination, first and -second ‘cylinders, said first cylinder

»
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smaller than the other said end area of said piston means,
means connected to each of said piston means and ex-
tending . externally” of said respective ‘cylinders. for. per-
forming work, said first and second chambers in said
first and second cylinders having port means therein pér-
mitting the passage. of fluid therethrough, first - conduit
means connecting said port means in said first chamber
of said first cylinder with said fluid supply source, second
conduit means connecting said port means in said first
chamber of said second cylinder with said. fluid supply
source, third conduit means connecting said port means in
said first chamber -of said first cyhnder with said- port
means in said second chamber of said second cylmder,
fourth conduit means connecting said port means in said
first chamber of said second cylinder with said port’ means
in said second chamber of said first cylinder.

4. A hydraulic cross-regeneratxve circuit adapted to-be
connected to a fluid supply source comprising in combina-
tion, first and second cylinders, sajd first ‘cylinder. having
a piston- mouated therein reciprocable . inferinediate its
end and dividing said first cylinder into first and second
chambers; said second cylinder having a piston mounted
therein reciprocable intermediate its ends and dividing
said second cylinder into first 4nd second chambers, said
piston means -each having first and ‘sécond ‘end areas, said
first end area exposed to said first chamber and said sec-
ond end area exposed to said second chamber; a piston
rod connected to said second end area of each of said
plstons and passing through each of said second chambers
in said first and second cylinders and extending exter-
nally thereof for performing work, said second end area
of said piston means being smalier than said first end
area of said piston means, said first and second chambers

" in said first and second cyhnders having port means there-
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‘having piston means mounted therein reciprocable inter- ’

mediate -its ends and dividing said first cylinder into first

and secorid .chambers; said second cylinder having -pis-

ton ‘means mounted therein reciprocable intermediate its
ends and dividing said second cylinder into first and second
chambers, said piston means each having first and second
end areas, said first end area exposed to said first cham-

ber and said second end area exposed to said second-

chamber, one of said end areas of said piston means being

0

75

in permitting the passage of fluid therethrough, first con-
duit means connecting said port means in said first cham-
ber of said first cylinder with said fluid supply source,
second conduit means connecting said port means in said
first chamber of said second cylinder with said fiuid sup-
nly source, third conduit means connecting said port means
in said first chamber of 'said first cylmder with said port
means in said second cy jhnder fourth. conduit means: con-
necting said port means-in-said first chamber of said sec-
ond cylinder with said port means in said second -cham-
ber of said first cylinder, first flow control means con-
nected influid circuit relation with sajd first conduit means
and intermediate said fluid source and said first chamber
of said first cylinder, second flow control means connected
in fluid circuit relation with said second conduit means
and intermediate said fluid ‘supply. < source and said ﬁrst
chamber of said second cylinder.

5. A hydraulic cross-regenerative circuit adapted to be
connected to a fluid supply source comprising in combina-
tion, first and second cylinders, said first cylinder having
piston means mounted therein reciprocable ‘intermediate
its ends and dividing said first cylinder into first and sec-
ond chambers, said second cylinder having piston means
mounted therein reciprocable intermediate its ends and
dividing said second cylinder into first and second cham-
bers, said piston means each having first and second end
areas, said first end area exposed to said first chamber
and said second end area exposed to said second chamber,
means connected to said second end area of each of said
piston means and extending externally of said respective
cylinders for performing work, said second end area of
said piston means being smaller than said first end-area
of said piston means, said first and second chambers in
said first and second cylinders having port means therein
permitting the passage of fluid ‘therethrough, first con-
duit means connecting said port means in said first cham-
ber of said first cylinder with said fluid supply source,
second conduit means connecting said port means in said
first chamber of said second cylinder with said fluid sup-

“ply source, third conduit means connecting said port means

in said first chamber of said first cylinder with said port
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means in said second chamber of said second cylinder,
fourth conduit means connecting said port in said first
chamber of said second cylinder with said port in said
second chamber of said first cylinder, first flow control
means connected in fluid circuit relation with said first
conduit means and intermediate said fluid source and said
first chamber of said first cylinder, second flow control
means connected in fluid circuit relation with said second
conduit means and intermediate said fluid supply source
and said first chamber of said second cylinder.

6. A hydraulic cross-regenerative circuit adapted to be
connected to a fluid supply source comprising in combina-
tion, first and second cylinders, said first cylinder having
piston means mounted therein reciprocable intermediate
its ends and dividing said first cylinder into first and sec-
ond chambers, said second cylinder having piston means
mounted therein reciprocable intermediate its ends and
dividing said second cylinder into first and second cham-
bers, said piston means having first and second end areas,
said first end area exposed to said first chamber and
said second end area exposed to said second chamber,
one of said end areas of said piston means being smaller
than the other said end area of said piston means, means
connected to each of said piston means and extending
externally of said respective cylinders for performing
work, said first and second chambers in said first and
second cylinders having port means therein permitting
the passage of fluid therethrough, first conduit means con-
necting said port means in said first chamber of said
first cylinder with said fluid supply source, second con-
duit means connecting said port means in said first cham-
ber of said second cylinder with said fluid supply source,
third conduit means connecting said port means in said
first chamber of said first cylinder with said port means
in said second chamber of said second cylinder, fourth
conduit means connecting said port means in said first
chamber of said second cylinder with said port means in
said second chamber of said first cylinder, first flow con-
trol means connected in fluid circuit relation with said
first conduit means and intermediate said fluid source and
said first chamber of said first cylinder, second flow control
means connected in fluid circuit relation with said second
conduit means and intermediate said fluid supply source
and said first chamber of said second cylinder.

7. A hydraulic cross-regenerative circuit adapted to
be connected to a fluid supply source comprising in com-
bination, first, second and third cylinders each having
piston means mounted therein reciprocable intermediate
its ends and dividing each of said cylinders into first and
second chambers, said piston means each having first and
second end areas, and first end area exposed to said first
chamber and said second end area exposed to said second
chamber, rod means connected t0 said second end arca
of each of said piston means and passing respectively
through said chambers in said first, second and third cylin-
ders and extending externally thereof for performing work,
said second end area of said piston means being smaller
than said first end area of said piston means, said first and
second chambers in said first, second and third cylin-
ders having port means therein permitting the passage
of fluid therethrough, first conduit means connecting said
port means in said first chamber of said first cylinder with
said fluid supply source, second conduit means connecting
said port means in said first chamber of said second cylin-
der with said fluid supply source, third conduit means con-
necting said port means in said first chamber of said third
cylinder with said fluid supply source, fourth conduit
means connecting said port means in said first chamber of
said second cylinder with said port means in said second
chamber of said first cylinder, first conduit means con-
necting said port means in said first chamber of said
third cylinder with said port means in said second cham-
ber of said second cylinder, sixth conduit means con-
necting said port means in said first chamber of said first
cylinder with said port means in said second chamber of
said third cylinder.
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8. A hydraulic cross-regenerative circuit adapted to
be connected to a fluid supply source comprising in com-
bination, first, second and third cylinders -each having
piston means mounted therein reciprocable intermediate
its ends and dividing each of said cylinders into first and
second chambers, said piston means each having first and
second end areas, said first end area exposed to said first
chamber and said second end area exposed to said second
chamber, rod means connected to said second end area
of each of said piston means and passing respectively
through said chambers in said first, second and third cylin-
ders and exiending externally thereof for performing
work, said second end area of said piston means being
smaller than said first end area of said piston means,
said first and second chambers in said first, second and
third cylinders having port means therein permitting the
passage of fluid therethrough, first conduit means con-
necting said port means in said first chamber of said first
cylinder with said fluid supply source, second conduit
means connecting said port means in said first chamber
of said second cylinder with said fluid supply source,
third conduit means connecting said port means in said first
chamber of said third cylinder with said fluid supply
scurce, fourth conduit means connecting said port means
in said first chamber of said second cylinder with said
port means in said second chamber of said first cylinder,
fifth conduit means connecting said port means in said
first chamber of said third cylinder with said port means
in said second chamber of said second cylinder, sixth
conduit means connecting said port means in said first
chamber of said first cylinder with said port means in said
second chamber of said third cylinder, first flow control
means connected in fluid circuit relation with said first
conduit means and intermediate said fluid source and
said first chamber of said first cylinder, second flow con-
trol means connected in fluid circuit relation with said
second conduit means and intermediate said fluid sup-
ply source and said first chamber of said second cylinder,
third flow control means connected in fluid circuit relation
with said third conduit means and intermediate said fluid
supply source and said first chamber of said third cylinder.

9. A hydraulic cross-regenerative circuit adapted to be
connected to a fluid supply source comprising in com-
bination, a plurality of cylinders each having piston means
mounted therein reciprocable intermediate its ends and
dividing said cylinders into first and second ‘chambers,
said piston means each having first and second end areas,
said first end areas exposed to said first chamber and said
second end area exposed to said second chamber, means
connected to said second end area of each of said pistons
and extending externally of said respective cylinders for
performing work, said second end area of said piston
means being smaller than said first end area of said
piston means, said first and second chambers in said
cylinders having port means therein permitting the pas-
sage of fluid therethrough, conduit means connecting said
port means in said first chamber of each said cylinders
with said fluid supply source, conduit means interconnect-
ing said port means in said second chamber of each of
said cylinders respectively with said port means in said
first chamber of each of said cylinders.

10. A hydraulic cross-regenerative circuit adapted to
be connected to a fluid supply source comprising in com-
bination, a plurality of cylinders each having piston means
mounted therein reciprocable intermediate its ends and
dividing said cylinders into first and second chambers,
said piston means each having first and second end areas,
said first end area exposed to said first chamber and said
second end area exposed to said second chamber, means
connected to said second end area of each of said pistons
and extending externally of said respective cylinders for
performing work, said second end area of said piston
means being smaller than said first end area of said piston
means, said first and second chambers in said cylinders
having port means therein permitting the passage of
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fluid therethmugh, first conduit * means con.uectmg said
port means-in: said first chamber of each of said cylinders
with said fluid supply source, second .conduit means inter-

-connecting said port means in said second chamber of
each of said cylinders respectively with said port means
in said first chamber of each of said cylinders, a plurality
of flow control means respectively connected in fluid cir-
cuit-relation with said first conduit means and intérmediate
said fluid supply source and said respective first cham-
berof said plurality of cylinders.

-1 .11: ‘A hydraulic cross-regenerative circuit adapted to be
connected to a fluid supply source comprising in combina-
tien, a plurality of cylinders €ach having piston means
mounted therein- reciprocable intermediate. its-ends ‘and
dividing said cylinders into first and second chambers,
said piston means each having first and second end areas,
said first end area -exposed to said first chamber and said

- second end area exposed to said second chamber, méans

connected to said second end area of each of said pistons

and. extending externally of said respective cylinders for
performing work, said second end area of said piston
means being smaller than said first end area of said piston
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15

20

means, said first and second chambers- in said cylinders -

having port means therein permitting the passage of fluid
therethrough;, first' conduit means connecting said port
means in said first chamber of each of said cylinders with
said fluid supply source; second conduit means inter-
connecting said port means in said second chamber of
,each of said cylinders respecnvely with ‘said ‘port means
in said first chamber of each of said c¢ylinders, flow con-
trol means .connected -in fluid -circuit relation with said
first conduit means and intermediate said- fluid supply
source and said respective first chamber of said plurality
of cylinders.

12, A hydraulic cross-regenerative circuit adapted to be
connected to a fluid supply source comprising in combina-
tion, first and second cylinder means, said first cylinder
means having piston means mounted therem and defining
first and" second chambers, said second cylinder means
having piston means mounted therein and defining first
and second chambers, said piston means each having first
and second end areas, said first end area exposed to said
first chamber. and said second end area exposed to:said
second chamber, means connected to said second end area
of each. of said piston means and extending externally of
said respective cylinder means for performing work, said
second end area of said piston means being smaller than
said -first end: area of said piston means, said first and
second chambers in-said first and second cylinder means
having port means therein  permitting: the passage of
- fluid .therethrough, first conduit. méans connecting said
port: means in said first chamber of said first cylinder
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means w1th ‘said- fluid supply soum'ce, second condmt
means: connecting -said ‘port means’ in said first chamber
of said second cylinder means with said fluid supply SOUTCe,
third conduit-means. connectmg said port means in said
first chamber of said first cylinder means with said port
means in said second chamber of said second cylinder
means, fourth conduit means connectmg ‘said port means
in said first chamber of said second cylinder means with
said port means in said second chamber of sald ﬁ:st cylin-
der means.

13. A hydraulic cross—regeneratlve circuit adapted to
be connected to a fluid supply source “comprising in com-
bination, first and second cylinder means, -said first cylin-
der means having piston méans mounted therein and-defin-
ing first and second chambers, said second cylmder means
having piston means mounted- theréin and deﬁmng first
and second. chambers, said piston.means each having first
and second end areas, said first énd - area exposed to said
first chamber-and. said second ‘end area exposed to said
second chamber, means connected to said second end area
of each of said piston means and extending externally of
said respective cylinder means for performmg work, said
second ‘end area of said piston means bemg smaller than
said first end area of said piston: means, said” first and
second chambers i said first ‘and second cylmder means
having port means therein means permitting the passage of

fluid tneretbrough, first conduit means connecting said

_port medns in-said first chamber of said first cylinder

means with said fluid supply source, second conduit means
connecting said port means in said first chamber of said
second cylinder means with-said fluid supply source,” third
conduit means connecting said port means in said first
chamber of said first cylinder means with said port means
in said second chamber of said second cylinder means,
fourth conduit means connecting said port means in said
first chamber of said second cylinder means with said
port means in said second chamber of said first eylinder
means, first flow control means connected in fluid circuit
relation with said first conduit means and intermediate
said fluid source and said. first chamber of “said first
cylinder means, second flow conrtol means connected in
fluid circuit relation with said second conduit means and
intermediate said fluid supply source and said first chamber
of said second cylinder means ’
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