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This invention relates in general to a hydraulic syn-
chronizer adapted for use on hydraulic metal working
presses and more specifically the invention relates to a
device for maintaining the slide of the press level through-
out the entire stroke thereof.

In hydraulic presses slides are provided which recip-
rocate toward and away from the press bed on which
there is a die and a work piece to be stamped. The press
is provided with a main hydraulic system which provides
closing cylinders at each end of the press with hydraulic
fluid under pressure for moving the slide toward the bed.
Pull-back cylinders are also provided to which hydraulic
fluid under pressure is fed for the purpose -of moving the
slide away from the bed after the drawing operation has
been performed.

In hydraulic presses particularly, and especially the
larger ones, there is always a tendency for one end or
the other of the slide to move faster or slower than the
other end especially during the working stroke. Further-
more, if this is permitted to occur, there is a possibility
that one part of the slide may press against a work piece
when another part does not. There will, therefore, be
a tendency for that part of the slide which is out of con-
tact with the work piece to continue to move, whereupon
the slide becomes out of alignment and exerts undue
pressures against the sides of the press frame. The pres-
ent invention is designed to overcome these difficulties
and to synchronize the movements of the ends of the
slide so that they will be maintained at constant relative
levels throughout the entire stroke of the slide.

It is, therefore, the principa} object of the present in-
vention to provide, in a hydraulic metal working press,
suitable mechanism for synchronizing the reciprocating
movement of a slide therein and maintaining both ends
of the slide at constant relative levels throughout the
entire stroke thereof.

Another object of the invention is to provide, in a
hydraulic metal working press, a novel form of synchro-
nizing valve operable in response to movement of one
end of the slide at a greater rate of speed than the other
end thereof to cause said one end to reduce its speed,
thereby maintaining both ends of the slide at constant
relative levels throughout its entire stroke.

A further object is to provide a hydraulic synchronizer
for a hydraulic meta] working press wherein a novel form
of valve is located in a pilot hydraulic circuit, and where-
in mechanical means actuate the valve to maintain the
slide level during the reciprocating movements thereof.

Still another object is to provide a hydraulic synchro-
nizer for a hydraulic metal working press having a main
hydraulic circuit for reciprocating the slide, and a pilot
hydraulic circuit, wherein a novel form of valve is located
in the pilot circuit and is actuated by mechanical means
operated by the slide when one end of the slide moves
faster than the other end thereof, whereby the hydraulic
pressure in the main circuit is reduced to retard the move-
ment of said one end.

A stil] further object is to provide a hydraulic synchro-
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nizer for a hydraulic metal working press wherein rapid
increases in speed of movement of one end of the slide
therein over the other end are prevented, and when con- .
ditions are such that such increases of speed tend to
occur, and would occur except for the action of the syn-
chronizer, a novel form of valve will be actuated to
overcome such tendency, whereby the shde is mamtamed
level throughout its entire stroke.

Other objects and advantages of the mven'uon» will
become apparent upon reading the following description
taken in conjunction with the accompanying drawings,
in which:

Fig. 1 is a diagrammatic illustration of a press em-
bodying the present invention;

Fig. 2 is a transverse sectional view through the dia-
grammatic illustration of the synchronizing valve of Fig.
1 taken substantially along the plane of line 2—2 of
Fig. 1; )

Fig. 3 is a view similar to Fig. 2 taken along the plane
of line 3—3 of Fig. 1;

Fig. 4 is a layout of the pilot hydraulic circuit in which
the synchronizing valve is located;

Fig. 5 is an elevationa] view, partly in section, of the
synchronizing valve; )

Fig. 6 is a vertical transverse sectional view through
the valve taken along the plane of line 6—6 of Fig. 5, and

Fig. 7 is a vertical transverse sectional view through
the valve taken along the plane of line 7—7 of Fig. 5.

The hydraulic synchronizer of the present invention
may be applied to hydraulic presses currently in use and
thus has the advantage that the system need not be in-
corporated as an integral part of the press at the time of
its manufacture. The invention and its manner of opera-
tion may be generally understood by a reference to Fig.
1 wherein the press bed is indicated by the numeral 1
and the slide is shown at 2.

Since conventional hydraulic presses utilize the closing
and pull-back cylinders which are actuated hydraulically
for reciprocating the slide, the details of such a hydraulic
system are not illustrated herein. In Fig. 1, however,
the closing cylinders at each end of the press. are desig-
nated by the numeral 3 and are shown as embodying a
piston 4 therein. A rod 5 connected to the piston 4 has
the slide 2 suspended therefrom so that reciprocation of
the piston 4 will also reciprocate the slide 2

In actual practice on a large press there will be two
such closing cylinders at each end of the press and two
pull-back cylinders which are actnated to move the slide
away from the bed. The main hydraulic circuit is shown
only diagrammatically in Fig. 1 and is indicated at each
end of a press generally by the numeral 6. The hydrautic
fluid is forced through the circuit by means of a pump 7
at each end of the press driven by a motor 8. The hy-

_draulic fluid is pumped from a suitable source of supply

through an inlet $ and is forced outwardly under pres-
sure through pipes 10 connected to the cylinder 3. These
cylinders are mounted on a stationary part of the press
frame so that when fluid is fed into the cylinder it will
drive the pistons 4 downwardly carrying with them the
slide 2 moving it toward the bed 1.

The synchronizer embodying the present invention
utilizes ‘a pilot hydraulic circuit generally shown at 11,
one for each end of the press. A control member 12 is
associated with each pilot hydraulic circuit 11 and in-
cludes a piston 13 and a cylinder 14. Hydraulic fluid
under pressure from a suitable source (not shown) is
forced through a pipe 15 which communicates with the
pipes 16 and 17 to direct fluid undér pressure into the
cylinder 14 at one side of the piston 13 therein. - A pipe
18 also connects with the lead-in pipe 15 and communi-
cates with a conduit 19 in communication with the cylin-
der 14 at the opposite side of the piston 13 therein. At
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one end of the press in one of the pilot hydraulic circuits,
a conduit 28 communicates with the conduits 18 and 19
and connects with a pipe 21 which is also connected with
an inlet opening 22 in the casing 23 of the synchronizing
valve generally indicated at 24.

The other pilot hydraulic circuit also has its conduit
20 connected with the conduits 18 and 19 but in this
case the pipe which leads to the synchronizing valve
is indicated by the numeral 21’ and is connected to an
inlet opening 25 in the casing 23 of the valve 24.

An outlet opening 26 also in the casing 23 has con-
‘nected therewith a pipe 27 which will carry hydraulic
flnid back to the tank.

A valve 28 is located in each of the pipe sections 18
for the purpose of regulating the pressure of the pilot
hydranlic fluid being delivered to the synchronizing valve
24, ' '

‘Each of the control devices 12 is connected with its
associated pump 7 in"the main hydraulic circuit so that
it may be said that the control device is common to both
the main hydraulic circuit and the pilot hydraulic cir-
cuit. Pilot hydraulic’ pressure is directed against one
side of each piston 13 and is the same side connected
to the pump 7 which causes hydraulic pressure to be
exerted through the main circuit to each of the closing
cylinders 3. Pilot hydraulic fluid under pressure passes
through each of the valves 28 and through each pipe 18
and is directed through the pipes 19 to the outer end of
each piston 13 in opposition to the pilot pressure at
the opposite side thereof. The regulated pilot pressure
is also exerted through the conduits 21 and 21’ to the
synchronizing valve 24. ’

Thus far it may be seen that when the pumps 7 are
operating to direct fluid under pressure either to the
closing cylinders or to the pull-back cylinders, if any-
thing should occur to cause either of the pistons 13 to
move outwardly toward the end of its associated cylin-
der 14, then the pressure in the associated main hydraulic
circuit would be immediately reduced and the end of
the slide being driven by that particular hydraulic cir-
cuit would immediately have its speed of movement re-
duced until the condition which caused the piston 13
to move outwardly was corrected to return it to its nor-
mal position of equilibrium.

The construction of the synchronizing valve may be
more clearly understood by reference to Figs. 2, 3, 5,
and 7. With respect to Figs. 2 and 5, it will be noted
that the inlet 22 through the casing 23 leads to an an-
nular recess 29 surrounding an outer tubular sleeve 39.
This outer sleeve 30 is provided with diametrically op-
posed openings 31 and 32 extending therethrough. This
outer sleeve 30 surrounds an inner tubular sleeve 33
which is also provided with opposed openings 34 and 35
through the wall thereof. Tt will be noted from view-
ing Fig. 2 and looking toward the right through the
valve 24 as viewed in Fig. 1, that the opening 31 through
the outer sleeve 30 is positioned immediately to the right
of the opening 34 through the inner sleeve 33. These
openings 31 and 34 are normally out of communication
with each other. Likewise, the opposite opening 32
through the wall of outer sleeve 30 is positioned to the
left of ‘opening 35 through the inner sleeve 33 and these
two openings normally ‘are out of communication with
edch other. )

Pilot fluid under pressure delivered through the inlet
22 will fill the annular recess 29 around the outer sleeve
30. Since the openings 31 and 32 are in communica-
tion with the annular recess 29, these openings will also
be filled with the hydraulic fluid under pressure. If and
when a condition occurs which will cause clockwise rota-
tion of the outer sleeve 30 as viewed in Fig. 2 or counter-
clockwise rotation of the inner sleeve 33, then the open-
ings 31 and 34 will immediately be brought into com-
gjunication'with each other. At this time the openings
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32 and 35 will also be brought into communication,
whereupon the pilot hydraulic fluid under pressure being
delivered through the inlet opening 22 will be relieved
or reduced and the fluid will pass through to the interior
36 of the inner sleeve 33. From this interior the fluid
will then be delivered through the outlet openings 37
in the wall of the sleeve 30 to an annular recess 38 in
the casing 23 to the outlet passage 26 and pipe 27 to
be carried back to the tank. The reason that the pres-
sure of the pilot hydraulic fluid will be relieved is be-
cause the valve 28 in pipe 18 is set so that sufficient
fluid will be unable to pass therethrough to satisfy the
pressure requirement. This fluid pressure then is com-
pensated for by the fluid passing through pipes 16 and
17 to the inmer side of piston 13 which will cause the
piston to move outwardly. This in turn reduces the
pressure in the main hydraulic circuit so that less pres-
sure will be exerted upon the particular piston which is
driving that end of the slide.

As will presently be seen, the reduction of pressure
in the main hydraulic circuit at one end of the slide will
slow down the movement of that end of the slide im-
mediately causing relative rotation between the inner and
outer sleeves in the opposite direction to again position
the openings 31 and 34 and the openings 32 and 35 out
of communication with each other. At this moment the
required pressure is satisfied by the pilot fluid passing
through valve 28 and pipes 18, 26 and 21 causing the
piston 13 to resume its normal position and increasing
the pressure at that end of the slide exerted by the main
hydraulic circuit.

Referring now to Fig. 3 and viewing the section
through the synchronizing valve as looking toward the
right thereof from the position shown in Fig. 1, it will
be noted that the outer sleeve 30 is surrounded by a
second annular recess 39 in communication with the
inlet passage 24 comnected to the pipe 21’ associated
with the pilot hydraulic circuit at the opposite end of
the slide. In this area the outer sleeve 30 is provided
with the opposed openings 40 and 41 through the wall
thereof. The inner sleeve 33 has the opposed open-
ings 42 and 43 through the wall thereof. The open-
ings 40 and 42 are normally cut of communication with
each other and the openings 41 and 43 are likewise out
of communication under normal conditions. However,
when conditions are such as to rotate the outer sleeve
30 in a counter-clockwise direction or the inmer sleeve
33 in a clockwise direction, the respective openings 40
and 42 and the openings 41 and 43 will be brought into
communication with each other permitting the flow of
the hydraulic fluid from pipe 21’ through the annular
recess 39 and the communicating passages in the walls
of the outer and inner sleeves to the interior 36 of the
inmer sleeve where it is carried away in the same manner
previously described through the outlet opening 26 back
to the tank.

Since the pilot fluid passing through the valve 28 at
this particular end of the slide cannot be supplied fast
enough to satisfy the pressure requirements, it will result
in outward movement of piston 13 which causes a re-
duction in the fluid pressure of the main hydraulic cir-
cuit associated with this end of the slide, thereby retard-
ing the movement of that end of the slide. Again, as
will presently be seen, this condition will cause the
respective openings 40 and 42 and the openings 41 and
43 to be positioned out of communication with each
other, whereupon the pilot pressure will increase to
move the piston 13 inwardly and return the operation
of the main hydraulic circuit back to normal.

The arrangement of the elements embodying the inven-
tion is such that when the right-hand end of the slide
as viewed in Fig. 1 moves downwardly at a greater rate
of speed than the opposite end thereof, the inner sleave
33 will move relative to the outer sleeve 30 in 3 counter-
clockwise direction, as viewed in Fig. 2. If, however,



2,859,501

B
the left-hand end of the slide moves at a greater rate of
speed than the right-hand end thereof, the outer sleeve
30 will move relative to the inner sleeve 33 in a counter-
clockwise direction as viewed in Fig. 3.

To accomplish this result the outer end of the inner
sleeve 33 is connected with a shaft 44 on which is
mounted a pinion 45 in mesh with a rack 46 mounted on
the right-hand end of the slide 2. The outer sleeve 30
has secured thereto a similar shaft 47 on which is mounted
a pinion 48 in mesh with a rack 49 secured to the oppo-
site end of the slide. Thus, as the slide moves down-
wardly carrying with it the racks 46 and 49, a rotation
of the pinions 45 and 48 will occur causing a like rotation
of shafts 44 and 47 and the inner and outer sleeves 33
and 30, respectively, connected therewith. Thus, during
the downward movement of the slide, both the inner and
outer sleeves will rotate together in the same direction
and presumably at the same rate of speed which will
‘prevent any communication between the openings through
the walls of these sleeves. If, however, the right-hand
end of the slide begins to move at a greater rate of speed
than the left-hand end thereof as viewed in Fig. 1, then
pinion 45 will rotate faster than pinion 48 and inner
sleeve 33 will likewise rotate fdster than outer sleeve 30.
Since both sleeves are rotating in a counter-clockwise
direction as viewed in Fig. 2, it will be immediately
apparent that as soon as the inmer sleeve 33 rotates
faster than the outer sleeve 30, communication will be
established between the openings 31 and 34 and the
openings 32 and 35. When this occurs, the pilot pressure
of the fluid being delivered to the valve through pipe
21 will be reduced, thereupon reducing the pressure of
the hydraulic fluid in the main circuit associated with the
right-hand end of the slide, thereby immediately causing
the speed of movement of that end of the slide to be
retarded in the manner above explained. As soon as
this retarding movement takes place, the pinion 45 will
rotate at a slower rate to bring it into conformity with
the speed of rotation of the pinion 48.

If the left-hand end of the slide is caused to move at
a greater rate of speed than the opposite end thereof,
then the outer sleeve 30 will rotate at a greater rate of
speed than the inner sleeve 33, whereupon communica-
tion will be established between the openings 40 and
42 and the openings 41 and 43 causing a drop in pres-
:sure in the line 21’ as above explained, and a correspond-
ing drop in pressure of the main hydraulic circuit asso-
ciated with the left-hand end of the slide, thereby
retarding its reciprocating movement and bringing the
speed of rotation of the pinion 48 into conformity with
the rotation of pinion 45.

Fig. 4 illustrates the actual layout of the pilot hydraulic
circuit shown diagrammatically in Fig. 1. The same
reference numerals refer to the same parts in both figures.
In the actual layout, however, the pipes 21 and 21’ are
not connected directly to the synchronizing valve 24 but
are connected indirectly thereto through a solenoid oper-
ated 4-way valve generally indicated at 50. The diagram-
matic showing of Fig. 1 is satisfactory for the purpose
of illustrating the principle of operation of the invention.
However, it is obvious that on the return or upper stroke
of the slide 2 the outer and inner sleeves 30 and 33
will rotate in a direction opposite to that which occurred
during the downward movement of the slide. Thus,
the synchronizing valve would not operate during up-
ward movement of the slide without reversing the con-
nections to the valve of the pipes 21 and 21’. In other
words, the vaive would operate to maintain the slide
level only when the inner and outer sleeves thereof rotate
in a counter-clockwise direction as viewed in Figs. 2 and
3. When the slide moves upwardly, these sleeves will
rotate in a clockwise direction so that in order for the
valve to function properly the pilot hydraulic circuit at
the left of Fig. 1 must be brought into operation when
the inner sleeve 33 rotates too fast because of the increased
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6
speed of movement at the right end of the slide, as
viewed in Fig. 1. Conversely, the pilot hydraulic circuit
at the right of Fig. 1 must function when the outer sleeve
30 rotates faster than the inner sleeve due to the increased
speed of movement of the left end of the slide, as viewed
in Fig. 1.

Summarizing briefly, during the down stroke of the
slide, the fluid from pipe 21 should be delivered to the
inlet opening 22 in the valve and the fluid from pipe 21’
should be delivered to the inlet opening 25 in the valve.
On the up stroke of the slide, the fluid from pipe 21
should be delivered to inlet opening 25 and the fluid
from pipe 21’ must be delivered to the inlet opening 22.

The solenoid operated 4-way valve 50 shown in Fig. 4
accomplishes the foregoing result. This valve is. com-
mercially available and is well known in the art and its
operation need not be described in detail. It is sufficient
for present purposes to indicate in Fig. 4 that the pipe
21 leads to the valve 50 and for the down stroke of
the slide the fluid is directed through the valve and
outwardly through the pipe 51 to the inlet opening 22
of the valve 24. Pipe 21’ from the other pilot hydraulic
circuit leads also to the valve 50 and during the down
stroke of the slide the fluid therefrom will pass through
the valve and through the conduit 52 to the inlet open-
ing 25 in the valve 24,

When the slide reaches its lowermost position it is
customary and well known construction to have the slide
operate a limit switch which operates suitable valves
in the main hydraulic circuit to direct the fluid from
the closing cylinders to the pull-back cylinders, where-
upon the slide is then moved upwardly away from the
bed. At this same moment the limit switch will also
actuate the sclenoid of valve 50 so that during the up-
ward movement of the slide fluid in pipe 21’ will be
delivered through the valve 50 and outwardly through
the conduit 51 to the inlet 22. Likewise, the pilot fluid
from pipe 21 is changed so that it will flow through
the valve 50 and outwardly through conduit 52 to the
inlet 25. When the slide reaches its uppermost position
another limit switch will be actuated to reverse the flow
of the pilot hydraulic fluid and to again change the main
hydraulic fluid back to the closing cylinders.

During the up stroke of the slide the synchronizing
valve will operate in the same manner as on the down
stroke of the slide to synchronize the movement of the
ends of the slide to maintain them substantially equal in
their speed of movement. When one end of the slide
moves faster than the other, then the inner and outer
sleeves will be rotated relative to each other, thereby
reducing the pressure against the outer end of one of
the pistons 13 allowing the piston to move outwardly
and causing a drop in pressure in the main hydraulic
circuit to retard the movement of that particular end of
the slide.

Another feature of the invention is the provision of
mechanism which has a damping effect on the rate at
which one end of the slide will increase its speed over the
other end thereof. That is to say, in the absence of such
a device one end of the slide might have a tendency to
either rapidly increase its speed or move a relatively
great degree over the other end of the slide, which would
thereupon have a tendency to move the pistons 13 back
and forth constantly. This self-centering or equalizing
feature is illustrated in greater detail in Figs. 5 and 6 of
the drawings. : ‘

In Fig. 5 particularly it will be noted that the inper
sleeve 33 extends outwardly beyond the casing 23 of the
valve 24 and is provided with the stepped annular shoul-
ders 53 and 54. A ring 55 is placed over the shoulder 53
and is secured to the inner sleeve 33 by suitable means,
such as a key 56. The ring 55 is then held in place by a
suitable retaining means including a ring 57 adapted to
fit over the shoulder 54. :

The outer sleeve 30 also extends outwardly beyond the
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end Qf the casing 23 of the valve 24 and at its outer end
is spaced from the shoulders 53 and 54 on the inner sleeve
33. "An outer ring 58 then fits over the outer sleeve 30
and abuts against the end 59 of the casing 23. This outer
ring 58 is also rotatably secured to the outer sleeve 30 by
means such as the key 69. This outer ring is then held in
place by suitable means including a retaining ring 61.
" The outer ring 58 is provided with a plurality of spaced
radially extending openings 62 each of which receives a
bushing 63. An arm 64 is located within each bushing
63 and is mounted therein for longitndinal reciprocation.
The inner end of each arm 64 has rotatably mounted
thereon a roller 65 which is positioned normally at the
bottom of a recess 66 in the ring 55. This arrangement
may be more clearly understood by v1ew1ng Flg 6.
tensxon 67 of lessel dlameter, each of Wthh is received
ina smtable Tecess in a ring segment 58. There is pro-
vided one such ring segment 68 for each arm 64.

The segments 68 arc placed circumferentially around
the ring 58 and each is adapted to seat in a recess on the
periphery of the ring 58 provided by the shoulders 69
and 79. A set screw 71 extends lateral}y inwardly
through each segment 68 and has the inner tapered end
thereof received in a hole 72 through the extension 67,
thereby -to prevent the roller arm 64 from rotating about
its longitudinal axis.

Each segment 68 is provided with grooves 73 and 74
around the outer periphery thereof so that when all of
the segments are in place end {0 end around the ring 58,
these grooves 73 and 74 will be continuous and annular.
Extension springs 73 and 76 are located in the annular
grooves 73 and 74, respectively, for the purpose of hold-
ing the roller arms 64 normally inwardly and tending to
maintain the roller 63 of each such arm in the innermost
point of the associated depressions 66.

Thus, the ring 55 in which the depressions 66 are lo-
cated is keyed to the inner sleeve 33 and rotates there-
with. The arms 64 are positioned in the ring 58 which in
turn is keyed to the outer sleeve 3). When the inner
sleeve 33 rotates relative to the outer sleeve 39, it must
move against the force of the springs 75 and 76 holding
the arms 64 inwardly, and will tend to force the rollers 65
to climb upwardly along the slope of the depressions 66.
Likewise, relative movement of the outer sleeve 30 will
urge the arms 64 cutwardly against the force of the springs
75.and 76.

This equalizing device has a tendency to keep the inner
and outer sleeves rotating at a constant rate. If. how-

ever, elther end of the slide begms to move more rapldly :

than the otner end and at a rate sufficient to move one of
the sleeves relatlve to the other against the force of the
springs 75, and 76, then the valye will be actuated as pre-
viously described to retard the speed of that partlcular
end of- the slide, thus synchronizing the end movements
thereof and tending to maintain them constant and to re-
tain the slide level throughout its entire stroke.

It has been determined 1n actual practice that when the
slide starts downwardly from its upper position, there is a
tendency for the slide to rock but with the use of this
equalizing. mechanism in the valve itself, the tendency to
rock becomes less as the slide. moves downwardly so that
by the time the draw takes place, there will be little or no
movement of the pistons 13 except for that which may
be caused by unequal pressures exerted by each end of
the slide after it contacts the work piece.

Changes may be made in the form, construction and
arrangement of parts from those disclosed herein without
in any way departing from the spirit of the invention or
sacrificing any of the attendant advantages thereof, pro-
vided, however, that such changes fall within the scope of
the claims appended hereto.

The invention is hereby claimed as follows:

1. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating slide,
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comprising a plurality of pilot hydraulic circuits, synchro-
nizing valve means common to said circuit, a like plurality
of main hydraulic circuits -for reciprocating the slide,
means to actuate said valve .means when one end of the
slide moves at a greater rate of speed than the other end
thereof, and control means, common to each of said main
and pilot circuits operable when said valve means is actu-
ated to control the pressure in the main circuit to which it
is connected and retard the speed of movement of said one -
end of the slide.

2. A hydraulic synchronizer adapted for use with a hy-
draunlic metal working press having a reciprocating slide,
comprising a plurality of pilot hydraulic circuits, synchro-
nizing valve means common to said circuits, a like plu-
rality’ of main hydraulic circuits for reciprocating the
slide, mechanical means connecting the ends of the slide
with said valve means and operable to actuate said valve
means when one end of the slide moves at a greater rate
of speed than the other end thereof, and control means
common to each of said main and pilot hydraulic circuits
operable when said valve means is actuated to control the
pressure in the main hydraulic circuit to which it is con-
nected and retard the speed of movement of said one end
of the slide.

3. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulic circuits,
synchronizing valve means common to said circuits in-
cluding outer and inner tubular sleeves having passages
through the walls thereof, said passages being normally
out of communication with each other but adapted to
communicate with each other upon a relative rotation
between said sleeves, a like plurality of main hydraulic
circuits for reciprocating the slide, means to actuate said
valve means by rotating one of said sleeves with respect
to the other said sleeve when one end of the slide moves
at a greater rate of speed than the other end therecf, and
control means common to each of said main and pilot
hydraulic circuits, said valve means being operable when
actuated to relieve the pressure on one side of one of said
control means, whereby the pressure on the opposite side
thereof will act on said control means to reduce the
pressure in the main circuit at said one end of the slide
and retard the speed of movement thereof.

4. ‘A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulic circuits,
synchronizing valve means common to said circuits, a
like plurality of main hydraulic circuits for reciprocating
the slide, a rack at each end of the slide and reciprocable
therewith, a pinion in mesh with each of said racks, a
shaft for each of said pinions connected directly with
said valve means and operable to actuate said valve
means when one end of the slide moves at a greater rate
of speed than the other end thereof, and contro! means
common to each of said main and pilot hydraulic circuits
operable when said valve means is actuated to control the
pressure in the main hydraulic circuit to which it is. con~
nected and retard the speed of movement of said one end
of the slide.

5. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulit circuits,
synchronizing valve means common to said circuits in-
cluding outer and inner tubular sleeves having passages
through the walls thereof, said passages being normally
out of communication with each other but adapted to

communicate with each other upon a relative rotation

between said sleeves, a like plurality of main hydraulic
circuits for reciprocating the slide, a rack at each end
of the slide and reciprocable therewith, a pinion in mésh
with each of said racks, a shaft for each. of said pinions,
one shaft being connected with, said outer sleeve and the
other shaft being connected to said inner sleeve, whereby
when one end of the slide moves at a greater rate of
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speed than the other end thereof one of said sleeves will
rotate with respect to the other sleeve to actuate said
valve means, and control me: as common to each of said
main and pilot hydraulic circuits, said valve means
being operable when actuated to relieve the pressure on
one side of one of said control means, whereby the pres-
sure on the opposite side thereof will act on said control
means to reduce the pressure in the main circuit at said
one end of the slide and retard the speed of movement
thereof.

6. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulic circuits,
synchronizing valve means common to said circuits, a like
plurality of main hydraulic circuits for reciprocating the
slide, a rack at each end of the slide and reciprocable
therewith, a pinion in mesh with each of said racks, a
shaft for each of said pinions connected directly with said
valve means and operable to actuate said valve means
when one end of the slide moves at a greater rate of speed
than the other end thereof, and control means including
a piston and cylinder assembly common to each of said
main and pilot hydraulic circuits operable when said
valve means is actuated to control the pressure in the
main hydraulic circuit to which it is connected and re-
tard the speed of movement of said one end of the slide.

7. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulic circuits,
synchronizing value means common to said circuits in-
cluding outer and inner tubular sleeves having passages
through the walls thereof, said passages being normally
out of communication with each other but adapted to
communicate with each other upon a relative rotation
between said sleeves, a like plurality of main hydraulic
circuits for reciprocating the slide, means to actuate said
valve means by rotating one of said sleeves with re-
spect to the other said sleeve when one end of the
slide moves at a greater rate of speed than the other end
thereof, and control means including a piston and cylin-
der assembly common to each of said main and pilot
hydraulic circuits, said valve means being operable when
actuated to relieve the pressure on one side of one of
said control means, whereby the pressure on the opposite
side thereof will act on said control means to reduce
the pressure in the main circuit at said one end of the
slide and retard the speed of movement thereof.

8. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulic circuits,
synchronizing valve means common to said circuit in-
cluding outer and inner tubular sleeves having passages

through the walls thereof, said passages being normally

out of communication with each other but adapted to
communicate with each other upon a relative rotation
between said sleeves, a like plurality of main hydraulic
circuits for reciprocating the slide, a rack at each end
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of the slide and reciprocable therewith, a pinion in
mesh with each of said racks, a shaft for each of said
pinions, one shaft being con=scted with said outer sleeve
and the other shaft being connected to said inner sleeve,
whereby when one end of the slide moves at a greater
rate of speed than the other end thereof one of said
sleeves will rotate with respect to the other sleeve to
actuate said valve means, and control means including
a piston and cylinder assembly common to each of said
main and pilot hydranlic circuits, said valve means being
operable when actuated to relieve the pressure on one
side of one of said control means, whereby the pressure
on the opposite side hereof will act on said control
means to reduce the pressure in the main circuit at
said one end of the slide and retard the speed of move-
ment thereof,

9. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulic circuits,
synchronizing valve means common to said circuits, a
like plurality of main hydraulic circuits for reciprocat-
ing the slide, means to actuate said valve means when
one end of the slide moves at a greater rate of speed
than the other end thereof, equalizing means operably
connected with said valve actuating means to prevent
any rapid increase in the speed of movement of one end
of the slide over the other end thereof, and control means
common to each of said main and pilot circuits oper-
able when said valve means is actuated to control the
pressure in the main hydraulic circuit to which it is
connected and retard the speed of movement of said
one end of the slide. ,

10. A hydraulic synchronizer adapted for use with a
hydraulic metal working press having a reciprocating
slide, comprising a plurality of pilot hydraulic circuits,
synchronizing valve means common to said circuits, a
like plurality of main hydraulic circuits for reciprocating
the slide, mechanical means connecting the ends of the
slide with said valve means and operable to actuate
said valve means when one end of the slide moves at
a greater rate of speed than the other end thereof, equal-
izing means connected between said mechanical means
and said valve means to prevent any rapid increase in
the speed of movement of one end of the slide over the
other end thereof, and control means common to each
of said main and pilot circuits operable when said valve
means is actuated to control the pressure in the main
hydraulic circuit to which it is connected and retard the
speed of movement of said one end of the slide,
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