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EA 20 Claims.
This invention relates to drives of the type

employed for advancing and retracting a plu-

rality of tables or slides in selective sequences.

For the purpose of illustration, the invention’

will be explained as employed for driving a plu-
rality of tables associated with a hydraulic vress
but it is to be understood that a drive constructed
according to the invention may be employed for
cther purposes.

Large hydraulic presses are sometimes provided
with a plurality of tables or work slides which
are arranged around the outside of the press and
are adapted to be moved one st a time into and
out of the press so that operators may load work
upon the tables outside the press during the time
that the press is operating upon the work on
the table which has been advanced into the press.

Since the time required to arrange the work
in position for pressing is ordinarily considerably
longer than the time required for the pressing
operation, approximately as much work can be
performed upon a press having, for example, four
tables as can be performed upon four single table
presses.

In some instances, the tables are moved into
and out of the press in a fixed sequence but,

10
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28

since multiple table presses are ordinarily em- -

ployed for operating upon many different types
of work, the time reguired to load one table may
be only & small fraction of the time required to
locad another table in which case the production

30

capacity of the press is greatly reduced if the '

tables are moved in a fixed sequence.

In other instances, each table is loaded by one
or more operators and, as soon as it is loaded,
the operator signals an operator at s control
station who controls the movement of the loaded
tebles into and out of the press, but this arrange-
ment requires the services of an operafor in ad-
dition to the operators who load the tables.

40

The present invention has as an object {6 pro- |

vide = multiple table press with a drive of such
character that the operstors wh. load the tabies
mey control the movements of the tables into and
out of the press {oc thereby - eliminate the ne-
cessity of employing an sdditional operator.

Another object is to provide. s drive of this
character in which each operztor may cperate
a conirdl to initiate movement of his fable inio

and outl of the press but that table will not move
until the fable in the press has been zully PE-
tracted therefrom.

Another chject is te provide a drive of this char-
scter in which the tables will move info and out

2
of the press in the order in which the controls
of the several tables are operated.

Another object is to provide a -drive which
will accelerate and decelerate each table &t &
rate slow enough fo avoid displacing work ar-
ranged upon the table.

Other objects and advantages will appear from
the following description of a multiple table press
having a drive embodying the invention and
shown schematically in the pccompanying draw-
ings in which the views are as follows:

Fig. 1 is a diagrammatic front view of a mul-
tiple table press provided with a table drive con-
structed according to the invention. :

Fig. 2 is a sectional plan view taken on the
line 2—2 of Fig. 1. .

Fig. 3 is @ diagram of the hydrauhc circuit and
shows the solenoids for operating the pilot and
control valves.

Figs. 4 and b are views showing the pilot valve
with its plunger in positions different from that
shownin Fig.3.

Fig. 6 is & diagram showing the magnetic
switches for controlling the opera,tmg solenolds
shown in Fig. 3.

Figs. 7 and 8 are diagrams show!ng relays or
contactor switches for confrolling the magnetic
switches shown in Fig. 6.

Figs. 9 and 10 are across-the-line disgrems
which together show the complete control eir-
cult.

For the purpose of illustration, a drive embody-
ing the invention has been shown applied to 2
press having four tables or work slides i, Z, §,
and 4 but the invention may readily be applied
to a press having a different number of tabiles.

As shown, the press includes a bed §, a head
frame 8 connected to bed 5 by four strain rods
1, & rem cylinder & carried by head 6 and & ram
g fitted in cylinder 8 and connected to a platen
{8 which is slidable upon and guided by rods T.
Tables {, 2, § and § when outside the press are

~arranged, respectively, upon supporis #f, £2, 18

and {& whick are srranged around bed 5 and have
their upper surfaces fush with the upper surface
of bed § so that they may be advanced one ab
a time onto bed 5 and beneath a rubber pag £8
carried by platen {8 upon the underside thereof.

At least one operator is provided for each tehle,
dies (not shown) aere arranged upeon the table
and work is arranged upon the dies. When any
one of the tables with work thereon is advanced
into the press, ram % will advance platen {6 snd
cause pad {8 {0 opsrate upon the work on that
table until the pressing operation is completed
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aud then ram 8 will automatically retract platen
10 to and stop it in its upper position. _

The press is provided with & cuitable power
plant for operating it and with a suitable control
for causing it to operate semi-automatically as
erplained above but, since the press per se forms
no part of the present invention, the power plant
and press- control have been omitted from the
drawings.and only so much of the press shown
as is necessary for an explanation of the inven-
tion.

Tables I, 2, 3 and 4 are operated, respectively,
by reciprocatmg hydraulic motors Mi, M2, M3
and M4 each consisting of a cylinder I‘G (Fig. 3)
and a piston 17 which is fitted in cylinder 16 and
connected by a rod 18 to the inner end of the
table as shown in dotted lines in Fig. 1, the move-

m nt of each table in each direction being limited
by a positive stop, not shown.

The fable motors are energized by liquid sup-
plied thereto from a pump 20 which may be
reversible to direct liquid into one and receive
liquid from the other of two channels 2/ and 22
or it may be of the unidirectional type and a
reversing valve provided to reverse the direction
of flow. For the purpose of illustration, pump
20 has been.shown as being reversible and of
the rolling piston type. Since this type of pump
is fully illustrated and described in Patent No.
2,047,068, it is deemed sufficient to state herein
that pump 20 has its. pumping mechanism ar-

ranged within & displacement varying member or
slide block 23 and that it will deliver liquid in &
direction and at a rate dependent upon the direc-
tion and the distance slide block 23 is shifted
from its central or neutral position in which posi-
tion of slide block 23 the displacement of pump
" 20 is zero and no liquid will be delivered thereby.

Slide block 23 is at all times urged toward the
left by liquid acting upon a piston 24 connected to
or in engagement with slide block 23 and fitted in
a stationary cylinder 25 which is carried by the
casing of pump 20 and has an adjusting screw 26

—
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Pistons 27 and 28 are larger than piston 24 so
that slide block 28 will be moved toward the
right when liquid is simuitaneously supplied to
both of cylinders 25 and 29 at the same pressure.
Liquid for operating pistons 24, 27 and 28 Is

-supplied by a gear pump 36 which is ordinarily

driven in unison with pump 20 gnd arranged in
the casing thereof according to the usual practice
but which, for the purpose of illustration, has
been shown as being separate therefrom.

Gear pump 35 draws liquid from g reservoir 38
and discharges it into & branched supply channel
31 at a rate in excess of requirements, the excess .
liquid being exhausted through a relief valve 38
which enables gear pump 35 to maintain in chan-
nel 37 a pressure equal to the resistance of relief
valve 38.

One branch of supply channel 37 is connected
to the outer end of cylinder 25 so that piston 24
is constantly urged toward the left by a constant
force which is proportional to gear pump pres-
sure. This branch has an adjustable choke 39
arranged therein to limit the rate of flow to and
from cylinder 25 and thereby limit the rate at
which pistons 24, 271 and 28 can shift slide
block 23.

Another branch of supply channel 87 is con-
nected to a pilot valve 40 which controls the flow
of liquid to and from, cylinder 29 and thereby
controls the operation of pump 20. Pilot valve
40 has a valve member or plunger 41 fitted in a
valve casing 42 to control communication between
four annular grooves or ports 43, 44, 45 and 46
formed in valve casing 42.

Port 43 communicates w1th the branch of sup-
ply channel 37 that is connected to valve 40.
Port 44 is connected by a channel 47 to cylinder
29 at or near the outer end thereof. Port 45 is

‘ connected by a channel 48 to cylinder 29 at a

10

threaded through its outer end to limit the move- °

ment of piston 24 and slide block 23 foward the

right. Turning screw 26 will adjust the rate at-

which pump 20 will dlscharge liquid into chan-
nel 21. .

.Slide block 23 is adapted to be moved toward
the right by liquid acting upon one or the other
of two pistons 27 and 28 which are fitted in a
stationary. cylinder 29 carried by the pump cas-
ing. - Piston 27 engages slide block 23 and piston
28 is adapted to -engage  the outer face of
piston 21.

The movement of piston 28 toward the right
is limited by a collar 30 fixed on a stop rod 31
which extends loosely through pistons 27 and 28
and through the head of cylinder 29. The inner
end of rod 3! is adapted to engage slide block 23
and the outer end of rod 3t is provided with a
nut 32 which, in the present instance, is adjusted
to so position collar 30 that piston 28 when ener-
gized will move slide block 23 to a position just
short of neutral so that pump 20 wil] at that time
deliver liquid into channel 22 at 2 rate which is
very limited, such as two or three percent of
maximum. ‘

The outer end of rod 31 is adapted to engage
an adjusting screw 33 which is threaded through
a cap 34 fixed to the head of cylinder 2. Turn-
ing screw 33 adjusts the distance rod 3f and
slide block 23 may be moved toward the left to
thereby determine the rate at which pump 20
wiil deliver liquid into chancet 22,

45
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point between pistons 27 and 28. Port 46 is con-
nected to a drain channel 49 which discharges
into reservoir 86.

Valve member 41 is urged to and normally
retained in its central or neutral position by two
springs 41 and 41® which are arranged in suit-
able spring chambers located at opposite ends of
casing 42. Valve member 4i is adapted to be
shifted in one direction or the other by one or the
other of two solenoids S§ and S6 the armatures
of which are connected to opposite ends of valve

. member 41 by suitable valve stems.

65

Due to the displacement of each piston rod 18,
the volume discharged by pump 20 will vary from
the volume discharged from any one of the
motors by an amount equal to the displacement

-of rod 8. It is therefore necessary to supply

60

liquid from reservoir 36 o pump 20 during move-
ment of a piston 17 in one direction and to permit
the discharge of liquid into reservoir 36 during
movement of g piston 17 in the opposite direc-

- tion. This is accomplished by providing pump

65

20 with an automatic valve 52 which is arranged
in a bore 53 having two annular grooves or ports
54 and 55 formed in the wall thereof. Port 54
and the left end of bore 53 are connected to

. channe] 2{ by a channel 218, port 55 and the right

70

end of bore 53 are connected to channel 22 by a
channel 222, and bore 53 is connected at a point
intermediate ports 64 and 55 fo reservoir 36
through s check valve 56 and a low pressure
resistance valve 51.  Check valve 56 permits
pump 20 to draw liquid freely from reservoir 36

~ but prevents the discharge of liquid from bore 53

]

except through resistance valve 51..
The delivery of liquid from pump 20 +o the
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head ends of the four table motors Mi, M2, M3
and M4 is controlled, respectively, by four nor-
mally closed control valves Vi, V2, V8 and V&

each of which includes a valve member 58 ar-

ranged in a casing §9 and urged to its closed
position by a spring €0.- Valve member 53 con-
trols communication between a branch of chan-
nel 22 and a channel 61 which connects casing
58 to the head end of cylinder 8. ,

As will ‘'presently appear, the rod ends of all
four motors are supplied with pressure liquid
during the. time any one motor is performing a
cycle of operation. Since the pressure in the
end of a non-operating motor might cause liquid
to leak past piston {7 of that motor and cause
it to creep ahead, each valve member 58 also
controls communication between a -channel &
and a drain chsnnel 48% which connecis the
casings of all four control valves to reservoir 38
but which has been omitted from the drawings
in order to avoid complicating the view. When
a control valve is open, its valve member 58 blocks
communication between channel 6{ and drain
channel 49* and connects channel 6! to chan-
nel 22 so that motive lquid may flow to and

" from cylinder {6 to effect operation of piston

10

15

20

25

{7 and, when a control valve is closed, the branch -

of channel 22 connected thereto is blocked by
valve member §8 and channel 61 is open to drain
channel 48 so that liquid can escape freely
from the head end of cylinder {6 and thereby
enable pressure in the rod end of cylinder 16

30

to return piston {7 to and hold it firmly in its

fully retracted position.

The four control valves are operated, respec-
tively, by four solenoids Si, S2, S3 and S each
of which has its armature connected to the stem
of the associated control valve. A check valve
62 connected between each channel §§ and chan-
nel 22 permits liquid to. be discharged freely
from cylinder (6 into channel 22 but prevents
the flow of liquid from channel 22 into the head
end of cylinder 6 except through the associated

. control valve.

When a piston {7 is advanced by liquid sup-
plied to the head end of its cylinder 1§, the

. liquid discharged from the rod end of that ¢yl-

inder {6 is directed to the head end thereof
through a differential valve which includes a cas-
ing 63 and a piston 64 fitted therein. Casing
93 has channels 2i and 22 connected to oppo-
site ends thereof and it is connected interme-
diate its ends by a branched channel §5 to the
rod ends of all four cylinders 8. )

As shown in Fig. 2, each of tables I, 2, 3 and 4
in its inward and outward movements operates
four limit switches which have been indicated,
respectively, by placing the digits 1, 2, 3 and 4
after the table reference numersals which are pre-
ceded by the letters LS. That is, table { operates
limit switches LS§i, LSI2, LSI8 and 1.S14, ta-
ble 2 operates limit switches 1821, 1.822, 1523
and I.524, table 3 operates limit switches LS8,

LS32, 1.533 and LS34, and table & operates lmit

switches LS81, 1842, 1.S43 and 1LS44. _
Limit switches LSi 1, 1.S24, 1.S3{ and LS44 are
operated at the outer limifs of table movement,
switches 1812, 1822, 1.S32 and LS42 are oper-
ated during outward table movement, switches
LSi8, 1.528, 1832 and L5483 are operated during
inward table movement, and switches LS{4, 1.824,
. and 1.S§4 are operated af the inner Imiis
of table movementi. A Hmit switch LS5 is oper-
ated at or near the upper imit of platen 18 and
an.other lmit switch LSE€ is operated du-ing up-

36
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60
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ward movement of platen 18 as shown in Fig, 1.

The actual mechanisms for operating the limit
switches, the mountings therefor and the exact
locations thereof have not been illustrated since
they form no part of the invention and since
the limit switches are necessarily shown on &
much larger scale than the press structure. For
example, the tables have been shown as rela-
tively short and as having short strokes while
in practice the table stroke is sometimes more
than six feet.

Solenoid S6 and a control! valve solenoid 88,
S2, S8 or S4 are energized simultaneously ss
will presently be explained. Energizing a con-
trol valve solenoid causes it to open its control
valve Vi, V2, V2 and V& Energizing solenoid
S6 cailses 1 to shift plunger 4§ of pilot valve
48 to the position shown in Fig. 4 to connect chan-
nels 47 and 82 tc drain channel 9 so that gear
pump liguid can flew through channei 87 to cyl-
inder 256 and cause piston 2§ to move slide block
23 slowly towsard the left at the rate determined
by ‘choke 39.

‘Moving slide block 23 toward the left. will -

‘cause pump 20 to discharge liquid into channel

22 and this liquid will tend to flow through chan-~

‘nel 22= to reservoir 36 but, due to the resistance

of valve 51, pressure will rise, extend to the right
end of bore 53 and shift automatic valve §2 to
the left to uncover port 54 and to black port
55 so that pump 28 can draw liquid from reser-
voir 36 through check valve 58 but cennct dis-
charge liquid info reservoir 2&.

The liquid delivered by pump 28 will then

flow through charnel 22 and the open conirol -

valve to the head end of the table motor ML,
M2, M3 or M4 associated with the open valve,
thereby causing pump pressure to increase ané
shift differential valve piston 64 toward the left
so that pump pressure can extend through chen-
nel 68 to the rod ends of all four motors. If
the pistons §7 of the other motors have crept
forward, the pressure in the rod ends of those

- motors will return those pistons to their fully

refracted positions for the reason that the head
ends of those motors are open to drain through
the closed control valves.

The liquid delivered by pump 28 to the head
end of the motor M, M2, M3 or M4 will cause
its piston #7 to advance the table i, 2, 3 or £ con-
nected thereto, and the lquid expelled by piston
i7 from cylinder (€ will flow through channel
65 and differential valve casing 63 into channel
22 so that pump 28 need supply only a volume
of liquid proportionsal to the area of rod {8, the
area of the rod ordinarily being nearly one half
that of the piston so that the table is moved at
nearly the same speed in both directions.

Due to the action of choke 38, slide block 238
moves slowly toward the lefi and gradually in-
creases the displacement and volumetric delivery
of pump 28 so that the table motor starts the
table at & very slow speed and graduslly sc-
celerates it to full speed. The table will con-
tinue to move inward at full speed unti? it oper-
ates imit switch L.S68, L.528, LS23 or LSE3 which
will cause solencid S8 {0 be deenergized as will
presently he explained. ‘ '

Deenergizing sclencid S§ permiis spring 412 {g
shift plunger 8§ of pilot valve 48 io its neutral
position and then gear pumyp liguid wiil Sow
through the channel 67 to cylinder 22 and cause
piston 28 to move slide block 23 nearly {o its
neutral position. Due to the action of choke 28,
slide block 2% will move slowly and thereby slow-
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1y decresse the displacement and volumetric

delivery of pump 20 so that the speed of the
inward moving table is gradually reduced until
it reaches its inner limit and engages a positive
"~ stop (not shown) at which time pump delivery
will have beén reduced to the very limited rate
previously mentioned and then pump 20 will dis-
‘charge through the relief valve (not shown)
which is always provided in pumps of this char-
acter. The pressure created by pump 28 at this
time will hold the advanced table against its
inner stop and the retracted tables against their
outer stops (not shown).

Just as or before the advancing table reaches
its inner limit, it operates limit switch LSI4,
LS24, 1S34 or LS44 to render the press control
mechanism effective which will cause ram 8§ to
move platen {0 downward until the pressing op-

eration is completed and to then retract-platen .

§0. As platen 10 approaches its upper limit,
limit switch LS% is operated to energize sole-
noid S6 which will shift plunger 41 of pilot vaive
40 to the position shown in Fig. 5 and then gear

pump liquid-will flow through channel 48 and-

10

15-

ating those switches.

switches g, b, ¢, and ¢ and a magnet e for oper- -
- Solenoid 86 is controlled
by a magnetic switch or contactor Cé which in-
cludesh eight mechanically connected switches
a b c,d e f,oandhanda magnet { for oper-~

" ating those switches.

Magnet { of contactor C6 may be energized to
effect reversal of a table by closing a manually
operable reversing switch four of which are pro-
vided and associated, respectively, with tables I,
2, 8 and 4 but all of these reversing switches
are rendered inoperative by any one of limit
switches LS4, 1524, 1.S34 and LS44 being closed
by a table reaching its Inner position.

Magnets f of contactors Cl, C2, C3 and C4 are
controlled in part by magnetic switches or relays
RI, R2, R3 and RA respectively. As shown in
Fig. 7, each of these relays include six mechani-

- cally connected switches a, b, ¢, d, e and f and &

cause piston 27 to shift slide block 23 toward the o5

right from ifs neutral position which will cause

pump 20 to discharge liquid into channel 21.
Resistance valve 871 will prevent pump 20 from

discharging into reservoir 36 except at a low

pressure and this pressure will extend through g,

channel 2i* to the left end of bore 53 and shift
valve 52 toward the right to the position shown
to uncover port §5 and to block port 54 so that

pump 28 can draw liquid freely from reservoir

36 through channel 22® but cannot ‘discharge gz

liquid into reservoir 36 through channel 212,

. The liquid discharged by pump- 20 will then
flow through channel 21 to differential valve
casing 63, shift piston 64 toward the right to the
position shown and then flow through channel
" 65 to the rod end of the table motor and cause
its piston 1T to retract the table that is in the
The Hquid expelled from: the head end
of cylinder 16 by piston 17 is considerably in ex-
cess of the Hquid required to supply pump 20,
and the excess liquid is discharged through chan-
nel 22, port 85, bore 53 and resiste.nce valve
87 into reservoir 36.

Due to the action of choke 39, slide block 23
will move slowly and thereby ‘cause the table
to be started slowly and gradually accelerated
to full speed as previously explained. The table
will continue to move at full speed until it oper-
ates limit switch LSi2, 1.S22, L.S32 or 1.S42 to
cause solenoid S6 to be deenergized and thereby
permit spring 41 to shift plunger #1 of pilot

_valve 40 to its neutral position to connect pipe
48 to drain so that gear pump liquid may flow

to cylinder 25 and cause piston 24 tc move-

slide block 23 toward the left until it is stopped
by piston 271 engaging piston 28 at which time
slide block 23 is nearly in its neutral position
and the delivery of pump 20 is reduced to the
very limited rate previously mentioned, choke
39 limiting the speed of slide block 23 and there-

by causing the table to be gradually decelerated

as previously explained.

As shown in Fig. 6, solenoids Sfi, S! S3 and
S4 are controlled, respectively, by magnetic
switches or contactors Cl, C2, C3 and C4 each of
which includes five mechanically connected
switches a, b, ¢, d, and ¢ and & magnet f for
operating those switches. Solenoid S§ is con-
trolled by a magnetic switch or contactor C§&
which includes four mechanically connected

gp magnet g for operating those switches. Magnet

g of the relays are Initially energized, respec-
tively, by means of manually operable starting
switches SSi, §S2, SS8 and SS4. A fifth relay

“RE (Fig. 8) also includes six mechanically con-

nected switches aq, b, ¢, d, e and f and a magnet
g for operating those switches. The circuit also
includes four groups of interlocking switches or
relays RI{, R2! and R31, Ri2, R2? and R32, RI3,.
R23 and R33 and Ri4, R24 and R38. Each of
these relays includes two mechanically con-
- nected switches ¢ and b and @ magnet ¢ for oper-
ating those switches as shown in Fig. 8.

The magnets and individual switches of the
several contactors and relays have been indi-
cated in Figs. 9 and 10 and will be hereinafter
referred to by reference characters produced by
adding the reference letters of the magnets and
switches as exponents to the reference charac-
ters of the contactors and relays. For example,

40 the switches and magnets of relay R34 are desig-

nated R34s, R34® and R34° respectively.
As shown in Fig. 6, current for energizing
the several solenoids is supplied from power lines

_ Lf and L2 which are connected to a source of

45
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power through a line switch 18, and current for
energizing the magnets of the several contactors
and relays is supplied from power lines L3 and
L& which are connected fo lines Ll and L2
through a transformer 7. Solenoids Si, 82, 883,
S4, S5 and S6 have the opposite ends of their
windings connected to lir 5 L{ and L2 through
the switches ¢ and b of contactors CI, CZ, C3,
C4, C5 and C6 respectively.

Magnet Cif (Figs. 6 and 10) has one end of its

55 winding connected to line 1.4 and the second end

of its winding connectable through a wire 12,
the upper pair of contacts of limit switch I.S11 and
a wire 13 to line L3. The second end of the wind-
ing is also connectable through a wire 14, switch

60 Rlc, a wire 15, switch R 18, g, wire 76, switch R21#,

a wire T1, switch R3I#, a wire 18, switch R5® and
a wire 79 to line L3. )

Magnet C2f has one end of its ¥inding con-
nected to line I§ and the second end of its wind-

85 ing connectable through a wire 128, the upper pair

of contacts of limit switch LS2f and a wire 18
to line L.3. The second end of the winding is also
connectable through a wire 14¢, switch R2¢, a wire
15%, switch Ri128, g wire 762, swith R22e, a wire

70 T1e, switch R32s, g wire 182, switch RS and a wire

78 to line L3.

Magnet C3! has one end of its winding connected
to line 1.4 and the second end of its winding
connectable through a wire 72%, the upper pair of

75 contacts of limit switch LS31 and wire 13 to line
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L3. ‘The second end of the winding is also con-
.nectable through a wire 14°; switch R3¢, a wire
5%, switch R13%, a wire 78, switch R23#, a wire 71",
switch R332, a wire 718, switch R5¢ and a wire
78b to line 13.

. Magnet C4f has one end of its windmg connected
to line L4 and the second end of its winding con-
nectable through a wire 72¢, the upper pair of

contacts of limit switch LS&¢ and wire 13 to line .

-L8. The second end of the winding is also con-
nectable through s wire 14¢, switch R4¢, a wire
15¢, switch Ri42, a wire 18°, switch R242, 3 wire

17¢, switch R34s, a wire 718°, switch R§¢ and a

wire 79¢ to line L3.

Magnet C5e has one end of its winding con-
nected to line L4 and the second end thereof con-
nectable through a wire 80, switch RSe, a wire
81 any one of switches Cle, C2¢, C3¢ and Cée,
a wire 82, switch C6° and a wire 83 to line L3.
Wire 82 is also connectahle through a wire 84,
limit switch LSS, a wire 85 and any one of limit
switches LS{4, LS24, LS34 and LS4&4 to the
operating circuit of the press. The second end
of the winding of magnet C5§¢ is also connectable
through switch CB§9, a wire 86, limit switches
1S3, 1.528, LS33 and L.S43 which are in. series,
and a wire 87 to wire 82 and thence through
switch C6¢ and wire 83 to line L3.

Magnet C6! has one end of its winding connected
to line L4 and a second end thereof connectable
through a wire 88, limit switches LS4, LS24, LS34
and L'S44 which are in series, wire 89 and any one
of reversing switches RSI, RS2, RS3 and RS4
to line I3. The second end .of the winding of
magnet C6! is also connected by a wire 80 to
one terminal of switches C8h" and C§¢, The
second terminal of switch C6h is connectable
through a wire 81, any one of limit switches LS12,
1.S22, 1.S32 and LS42 and a wire 92 to line L3,
and the second terminal of switch C5¢ is con-
nectable through a wire 93, limit switch’ LS8 and
a wire 92 to line LS.

Magnet R5¢ (Figs. 8 and 10) has one end of its
winding connected to line L4 and the other end
thereof connectable through a wire 94, switch
Cdc, a, wire 95, switch C8¢, a wire 96, switch C2c,
a wire 81, switch CI°, a wire 98 and limit switches
LS, Ls2(,L:S31 and LS4{ toline1.3. - The second
end of the winding is also connectable through
switch R5f and a wire 99 to wire 98.

Magnet Ri8 (Figs. 7 and 9) has one end of its
winding connected to line I.4 and the other end

10

10

a wire 10(® to line 1.3. The other terminal of

.switch R3f is connectable through a wire. {020,

switch C6f and a wire 103 to line 1.3 and through
a wire 104% switch C3¢ and wire {05 to line L3,
" Magnet R4¢ has one end of its winding con-
nected to line L4 and the other end thereof con-
nected through a wire 100¢ to one terminal of
switch R4! and to one terminal of starting switch
SS4 the other terminal of which is connected by
a wire {0fc to line L3. The other terminal of

.switch RA! is connectable through a wire 102,

switch C6% and a wire 103¢ to line L3, and through

15
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a wire 1048, switch C44 gnd a wire {05¢ to line L3.

Magnet Rilc (Figs. 8 and 9) has one end of
its winding connected to line L4 and the other end
thereof connected to one terminal of switch R{ (P
and connected through a wire 1 {8 to one terminal
of switch R2%. The other terminals of switches
RII® and R2?® are both connected by a wire {1
to one terminal of switch Rid, =~ .

Magnet R2ic has one end of its winding con-

" nected to line L4 and the other end thereof con-

25
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nected to one terminal of switch R21? and connec-
ted through a wire (12 to one terminal of switch
R3% The other terminals of switches R21® and
R3* are both cunnected by a wire 113 to the ter-
minal of switch Ri¢ to whlch wire (11 is con-
nected.

Magnet R3Ic has one end of its winding con-
nected to line 14 and the other end thereof con-
nected to one terminal of switch R3{® and con-
nected through a wire ({4 to one terminal of
switch R4s. The other terminals of switches
R31» and R4s are both connected by a wire (1§
to the terminal of switch R4 to which wires {11
and {13 are connected. The other terminal of
switch R{4 is connected by wire (16 to line L3.

Magnet R12° has one end of its winding con-

" . nected to line L4 and the other end thereof con-

40
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thereof connected through a wire 100 to one .

terminal of switch RIf and to one terminal of-

starting switch SS{ the other terminal of which is
connected by a wire 10 to line L3. The other
terminal of switch RIf is connectable through a
wire 102, switch C6d and a wire 103 to line L3
and through a wire (04, switch Ct¢ and a wire
105 to line I.3.

Magnet R2¢ has one end of its winding con-

nected to line L.§ and the other end thereof con-

_ nected through a wire 1802 to one terminal of
switch R2f and to one terminal of starting switch
SS2 the other terminal of which is connected
by a wire 101® to line L.3. The other terminal of
switch R2! is connectable through a wire 1028,
switch C6¢ and a wire 1832 to line L3.and through
a wire (042, switch Czd and a wire £85® to line
L3.

Magnet R3¢ has one end of its winding con-
nected to line L4 and the other end thereof con-
nected through a wire [06® to one ferminal of
switch R3f and to one terminal of starting switch
SS8 the other terminal of which is-connected by

65
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nected to one terminal of switch RiI2P and con-
nected through & wire (10 to one terminal of
switch Rfs. The other terminals of switches
RI2" and Ri» are both connected by a.wire 1118
to one terminal of switch R24, Magnet R22¢
has one end of its winding connected to line L8
and the othier end thereof connected to one ter- -
minal of switch R22" snd connected through
a wire 112 to one terminal of switch R3b. The
‘other terminals of switches R22® and R3% are
both connected by a wire 1i3% to the terminal
of switch R2¢ to which wire (1 { is connected.
Magnet R32¢ has one end of its winding con-
nected to line L4 and the other end thereof con-
nected to one terminal of switch R32® and con-
nected through a wire {143 to one terminal of
switch R4b. ‘The other terminals of switches
R32® and R4Y are both connected by a wire {i5s
to the terminal of switch R2¢ to which wires {12
and 1§3® are connected. The other terminal of
switch R2? is connected by a wire 1168 to line .

‘L3.

Masagnet R3¢ has one end of its winding con-
nected to line L4 and the other end thereof con-
nected to one terminal of switch Ri3P and con-
nected through a wire 118% {o one terminal of
switch Rf*. The other terminals of switches
R13% and Ri{® are bhoth connected by g wire fi1P
to one terminal of switch R34, Magnet R23¢ has
one end of its winding connected to line L§ and
the other end thereof connected to one terminal
of switch R23® and connected through a wire
§12° to one terminal of switch R2b, The other
terminals of switches R23 and R2b are both con-
nected by wire £{3* to the terminal of swztch
R34 to which wire { (P is connected.




2,410,694

- .Magnet R83¢ has one end of.its winding con-
nected to line 1.4 and the other end thereof con-
nected to.one terminsal of switch R32% and ‘con-
nected through a wire {140 tp one terminal of
switch R4°. The other terminals of switches R33b
and R4°® are both. connected by a wire (15° to
the terminal of switch R34 to which wires 1{{b
and {13 are connected. The other terminal of
switch R3? is connected by a wire (16b to line
L3.

Magnet R4 has one end of its winding con-
nected to line 14 and the other end thereof con-
nected to one termina] of switch R{4> and con-
nected through a wire 110° to one terminal of
switch Rle.. The other terminals of switches R{4>
and Rie are both connected by a wire f#ic to
one terminal of switch R4d,

Magnet R24c has one end of its winding con-
nected to line L§ and the other end .thereof con-
nected to one terminal of switch R24» and con-
nected through a wire (12° to one terminal of
switch R2°. The other terminals of switches
R24% and R2e are both connected by a wire 1(3¢
to the terminal of switch R4¢ to which wire 1{{c
is connected. . ’ - :

Masagnet R34° has one end of its winding con-
nected to line I4 and the other end thereof con-
nected to one terminal of switch R34 and con-
nected through a wire (14° to one terminal of
switch R3°%, The other terminals of switches
R34> and R3¢ are both connected by a wire f§5¢
to the terminal of switch R44¢ to which wires 11lc
and . 113° dare connected. The other termina} of
switch R4d is connected by a wire [16¢ to line L3.

Operation »

~ Assuming that the several parts are in the po-
sitions shown and that pumps 20 and 85 are run-
. ning, the drive will operate as follows:

Line switch 10 (Pig. 6) is first closed to con-

nect lines Ld and L2 directly to the source of
power and to connect lines 1.3 and 1.4 to the source
of power through transformer Ti, This estab-
lishes, as shown in Fig. 10, a circuit (L4—R56—
94— C4°— 95—C8¢— 98 — 020 — 97 — Cfo—98—
LS11—-LS21—1.S31—LS41—L4) to energize mag-
net R5 which will raise relay R5 (Fig. 8) to close
the switches 4, b, ¢, d, e and f thereof. Closing
switch R§! establishes a circuit (L4—R6s—R5.—
99—88—1.811—LS2{—1S3{—LS4i—L3) to keep
magnet RE8 energized when any one of switches
Clo, C2¢, C3¢ or Cdc open. )

Let it now be assumed that table 2 has been
loaded, that starting switch SS2 has been ciosed
and that tables 4, | and 3 were loaded and start-
ing switches SS4, SS1 and SS3 were successively
closed after switch 8S2 was closed.

As shown in Fig, 9, closing switch SS2 estab-
lishes a circuit (L4—R28—[00°—SS2—(0(a—13)
to energize magnet R2¢ which will operate relay
R2 (Fig. 7) to close switches ¢, d and f thereof
and to open switches @, b and e thereof. Closing
switch R2f establishes a circuit (1L4—R25—{005—
R20—102—C6°—1032—1.3) and a circuit (L4—
R28—[00*—R 21— 042—C2d—[05:—1.3) to keep
magnet R2¢ energized, ‘

Closing switch R2d establishes three circuits
(L&—R12°—[ (0% — Ri® — | {{5—R24—{162—L3),
- (LA—R220—{ 122 —R3b — (135 — R24_{162—1.3)
and (L4—R32°—{142—RA>—| 53 —R2d—| | §a—

L3) to energize magnets RI2¢, R22c and R32¢.

which will operate relays R12, R22 and R32 to
close the switches ¢ and b thereof. Closing
switches R12b, R22% and R32° connects magnets
- RI2°, R22° and R32¢ to wires (118, {13= gnd {155

12

 respectively to keep magnets R 2, R22° and R32°

energized should switches Ris, . R3% and R4b open.

Relays R2 and R5 having been raised as ex-
plained above, raising relays Ri2, R22 and R32
establishes, as shown in Fig. 10, a circuit
(L—CAU—T4+—R2¢c — 765.— Ri2>—762—R228

' 11%—R328-78*—R5+—78°—L3) to energize mag-
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net C2! which will raise contactor C2 (Fig. 6) to
close switches @, b and e thereof and to open
switches ¢ and d thereof. Closing switches C2#
and C2P causes solenoid S2 to be energized and
open valve V2 (Fig, 3), Closing switch C2¢ es-
tablishes, as shown in Fig. 16, a circuit (L4—Cfe—
80—R5%—81—C2e—82—C6°—83—1.3) to energize
magnet C§¢ which will raise contactor C§ (Fig. 6)
to open switch c thereof and to close switches a,
b, and d thereof. ) h

Opening switch C8°¢ prevents magnet C6! from
being energized if and when limit switch LSE
closes during the down stroke of platen {8. Clos-
ing switch C$%9 establishes. a. circuit (L4—C5e—
CH4—86—LSI13 — LS23 — 1.S33—L.S43—81—82—
C6°—B83—L3) to keep magnet C5¢ energized.
Closing switches C8* and C5® causes solenoid S5
(Fig. 6) to be energized and operate pilot valve
40 (Fig. 3) to cause slide block 23 of pump 20
to be shifted toward the left from its neutral po-
sition and liquid from pump 20 to flow through
channel 22, valve V2 and channel § | to the head end
of motor M2 and cause it to advance table 2, the
speed of slide block being limited by choke 39
so that the displacement of pump 20 is gradu-
ally increased from zéro with the result that table
2 is started slowly and gradually accelerated to
full speed as previously explained.

It has been assumed that starting switches
584, SS1 and SS3 were successively closed shortly
after starting switch SS2 was closed. Closing
switch 554 establishes, as shown in Fig. 9, a cir-
cuit (L4—R48—[00°—SS4—101c—1.3) to energize
magnet R42 which will raise relay R4 (Fig. ) to

_open switches ¢, b and e thereof and to close

switches ¢, d and f thereof.

Opening switches R4® and R4¢ prevent, respec-
tively, magnets R31¢ and R33¢ from being ener-
gized. Opening switch R4® has no effect as the
circuit through magnet R32¢ is maintained
through switch R32k. Closing switch R4! estab-
lishes two circuits (L4-—R4&—{00c—R4—(02c—

- C88—103°—L3) and (L4—R4&s—{00c—R4:——(08c—
- C44—[05°—L3) to keep magnet R4¢ energized

when switch SS4 opens.

Closing switch R44 establishes, as shown in
Fig. 9, two circuits (L4—R{4—[{0c—Rie—] [ fo—
RA—|16°—L3) and (L4 — R34 — {14 —R3=—
116°—R4d—| 18°—L3) to energize magnets R{4c
and R34¢ which will operate relays R{4 and R34
to close the switches @ and b thereof. Closing
switches R14P and R34® connects magnets Ri4c
and R34c to wires filc and 115, respectively, to
keep those magnets energized. Closing switch
R44 will not cause magnet R24¢ to be energized
for the reason that switch R2¢ is open and, con~
sequently, relay R24 will not be raised and con-
tactor magnet C4! will not be energized as the:
circuit therethrough is broken at switch R242 as
shown in Fig. 10. Since magnet C4f cannot be
energized and operate contactor C4, solenoid S&
will not be energized and table 4 cannot be ad-
vanced.

Closing starting switch SSt will establish, as
shown in Pig. 9, a circuit (L§—R(8—[00—SS{1—
101—L3) to energize magnet Ri8 which will raise
relay RI (Fig. 7) to open switches a, b and e
thereof and to close switches ¢, d and f thereof.
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Opening switches Rl‘ and R!°¢ has no effect 88
the circuits through magnets R12¢ and Ridc are
maintained by switches RI2P and R{4P respec-
-¢ively. Opening switch RIP prevents magnet
Ri3° from being energized.

Clesing switch Rif establishes two circuits
(L§—Ris—100—RI1—102— C82 — {08 — L3) and
(L§—Ri8—100—R(f — 10§ — Cld— {056 — L3) to
keep magnet Ri® energized. Closing switch Ri{¢
establishes, as shown in Fig. 9, a circuit (L4—
R2fc—!{2—R32—i{3—RI{4—1{8—L8) to ener-
gize magnet R2{c which will raise relay R2{ to
close the switches ¢ and b thereof. Closing
switch R2 P keeps magnet R2ic energized by con-
necting it to wire $13.

However, closing switch RI4 will not cause
magnets Rifc and R3ic to be energized as the
circuits therethrough are broken at switches R22

and Ré® gnd, consequently, relays Ri{ and R8(

will not be raised and contactor magnet Cif will
not he energized as the circuit therethrough is
broken at switches R{i® and R3{*. Since mag-
net Ci! cannot be energized and operate con-
tactor Ci, solenoid Si will not be energized and
table { cannot be advanced.

Closing starting switch SS3 will establish, as
shown in Fig. 9, a circuit (L—R8:—{08>—SS3—
§0¢>—1.2) to energize magnet R3¢ which will raise

10

: - 14
84, limit switch LS5, wire 85, limit switch 1LS28,
the starting solenoid (not shown) of the press
operating circuit to line L4, thereby causing platen
{6 to descend, perform = pressing operation upon
the work on table 2 and then return to and stop
in its initlal position.

As platen {0 starts downward, limit switch LS5
opens and cuts the starting solenoid out-of the
table control circuit so that it may be controlled
by the press operating circuit. Limit switch LS§
is not operated electrically during the down stroke

. of platen 18 but it is closed momentarily during

16
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relay RS to open switches a, b and e thereof and -

to close switches ¢, d and f thereof. Opening
switches R3®, R8P and R3° has no effect as the
circuits through magnets R2i{c, R22¢ .and R34c
are maintained by switches R21b, R22P and R34P
respectively.

Closing switch Rsf establishes two clrcmts
(R3%—{80b— R3T — 1020 — CH! — 103> — L3) and

(R38—(B0>—R 37— ([ 84P—C39—{06°>—L3) to keep.

magnet R§8 energized. Closing switch R3¢ will
have no effect for the reason that switches Rib,
R2® and Rée gre open and, consequently, solenoid
S8 cannot be energized to cause table 8 to ad-
vance.
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the up stroke thereof.

Closing limit switch LS6 establishes a circuit
(L§—C6'—90—Ch*—93-—1.86—92—1.3) to ener-
gize magnet C6! which will raise contactor C6 to
open switches ¢, d, e, f and g thereof and to
close switches a, b and A thereof.

Opening switch C6c has no effect as the clrcuit i
therethrough was broken when limit switches
1,523 and LS24 opened. - Opening switches C84,
C8f and C6¢ has no effect as the circuits through
magnets Ri®, R3¢ and R4¢ are maintained by
switches Cfd, C34 and C4d respectively.. Opening

; switch C6¢ breaks the circuit through magnet

R28 which permits relay R2 to drop and close -
switches a, b and e thereof and to open switches
¢, d and f thereof.

‘Opening switches R2¢ and R2! has no effect as
the circuits therethrough were previously broken.
Opening switch R24 breaks the eircuits through
magnets Ri2¢, R22¢ and R32¢ to deenergize them
and permit relays R{2, R22 and R32 to drop which
has no effect as the circuit controlled thereby
was broken when relay RS dropped.

Closing switches R2% and R2Y establishes two
circuits (L8 — Rilo—{if~—R22—{{ {—RfId—{ 16—
L3) and (L& —R232— 112> — R2b—[ IGb—( § 3b—

-R24—L3) to energize magnets Rilc and R23°

40

It is therefore obvious that, after one starting

switch has been closed to initiate a circuit to
effect an advance movement of the table con-
trolled by that switch, advance movement of any
of the other tables is prevented.

As table 2 starts to advance, limit switch LS2i
operates to break the circuit through magnet REe
and to connect wire 728 to wire 73 to establish a
new circuit through magnet C2f, Breaking the
circuit through magnet R3¢ causes relay RS to
drop and break the previously established cir-
cuit through magnet C2!f but limit switch LS2{
has overlapping contacts and establishes the new
circuit before the previous circuit is broken so
that magnet C2! remains energized. Dropping
relay RE also breaks one of the circuits through
meagnet CB® but the magnet is kept energized by

the holding circuit extending through switch

CB4,

As table 2 moves forward, it will close limit

switch LS22, which will have no effect at this

time, and table 2 will rontinue forward at high

speed until it opens limit switch 1.828 to break
the circuit through magnet C5¢ which will cause
contactor C§ to drop and deenergize solenoid S§
so that plunger &f of pilot valve 40 is returned
to its neutral position to cause the displacement
of pump. 20 to be gradually reduced and cause
table 2 to he gradua]ly decelerated as previously
explained.

As table 2 reaches its forward limit, it operates
limit switch LS24 to establish a circuit (Fig. 10)
from Hne L3 through wire 83, switch C8:, wire
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which will raise relays Rif and R23 and establish -
holding circuits through these magnets but raising
relays R{{ and R23 has no effect at this time as
relays R3f, R{3 and R33 have not been raised.
Closing switch R2¢ establishes a circuit (Lé—
R24c—{ |2c—R2¢—{ { §¢—R49%—1 {6°—L.3) to ener-
gize magnet R24¢ which will raise relay R24 and
establish a holding circuit through magnet R24¢
but raising relay R24 will have no effect until relay
RE. is raised. .
It has previously been stated that raising con-
tactor C6 closed switches @, b and k thereof. Clos-'
ing switch CGh establishes a circuit (L4—Cfl—

- 80—-C6P—91—1.522—92—1.3) to keep magnet

GO’

C6! energized when limit switch LS8 opens as it
is ‘closed only momentarily. Closing switches
C6e= and C68P causes solenoid S6 (Fig. 6) to be ener-
gized and operate piiot valve 40 (Fig. 3) to cause
slide block 28 of pump 20 to be shifted toward the
right from its near neutral position and liquid
from pump 20 to flow through chennel 24, differ-
ential valve 63 and channel &5 to the rod end of
motor M2 and cause it to retract table 2, the
speed of slide block 23 being limited vy choke 88
so that the displacement of pump 20 is gradually
increased with the result that table 2 is started
slowly and gradually accelerated to full speed as
previously explained.

As table 2 moves outward, it will permit llmit
switch 1.524 to return to its initial position, then
it will operate limit switch L.S28 to its initial
position and it will continue to move outward at
high speed until it opens limit switch LS22 to
break the-circuit through magnet C8! which will
permit contactor C8 to drop and deenergize sole-
noid 88 to permit plunger 4! of pilot valve £¢ to
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be returned to its neutral position to cause the
displacement of pump 20 to be gradually reduced
-and thereby cause table 2 to be gradually decel-
erated as previously explained. :

When table 2 reaches its outer limit, it operates
lmit switch LS21 to its initial position, thereby

breaking the circuit through magnet C2! which

will permit contactor C2 to drop and open its

* switches g, b and e and close its switches ¢ and d. .

Opening switch C2¢ has no effect but opening
switches C2% and C2® deenergizes solenoid S2

10

“which permits control valve V2 {o close. Closing -

switch C24 has no effect but the closing of switch’

C2 and the return of switch LS2{ to its initial
position re-establishes, as shown in Fig. 10, the
circuit (L4 — R58—84—Clc—95.C3°— 96— 20—
91—Cl°—98—1L.SI1—LS21—I.S3|—LSE1—L3) to
energize magnet R5¢ which raises relay RS,

If none of the other starting switches had been
" closed, the drive would now come to rest and
remain idle until a starting switch was closed but
it has been assumed thsat starting switches SS4,
SSI1 and SS3 were closed in succession after
switch 852 was closed, and the closing of switches
S84, SSi and SS3 caused certain circuits to be
set up as explained above.

Therefore, since relays R4, RI4, R28 and R34
have been raised due to the establishing of clrcuits
as a result of closing switch SS4, raising relay
RS will establish, as shown in Fig. 10, a circuit
(I4 — C4! — T4c — R4c —T15°—R (42_T6°—R 245—
11°—R34*—18°—R5%—T19°—L3) to energize mag-
net CA! which will raise contactor C8 to energize
solenoid S4 and to deenergize magnet Rb5¢, thereby
causing table 4 to be advanced and retracted in
the same manner that table 2 was advanced and
retracted and causing relay R5 to drop. ]

The electric circuits for controlling the four
tables function in the same manner and are sub-
stantially identical, contactors C5 and C§ and re-
lay RS being common to all four circuits.

When contactor C6 is raised in response to
operation of limit switch LS6 during upward
movement of platen 10 as explained above, it
causes relays R4, R4, R24 and R34 to drop for
the same reason that relays R2, R12, R22 and
R32 dropped during operation of table 2.

Dropping relay R4 establishes, as shown in Fig.
9, two circuits (L4—R31°—{ 1 §—R4*—[ I5—RI2Z—

115—1.3) and (L4 —R33— { {4 — R4e — { [50—

R34—116°>—I1.3) to energize magnets R3{° ang
R33¢ which will raise relays R3( and R38 and es-
tablish holding circuits through these magnets
but raising relays R31 and -R33 has no effect at
this time as relay RS has not been raised.

When table 4 reaches its outer limit, it operates
Hmit switch LS4 to cause contactor C4 to drop
and establish, as shown in Fig. 10, & circuit (L84—
REE—84—C4c—95—C3°—96—C2°—9T—Cl2—98—
LS11—LS21—LS3(—1.S41—L3) to energize mag-
net R5¢ which will raise relay RS and establish
through switch R5f a holding circult for magnet
RSs, :

If none of the starting switches had been closed
after switch SS& was closed, the drive would now
come to rest and would remain idle until a start-

ing switch was closed but it has been assumed
that switches SS1 and SS3 were closed in succes-
sion after switch SS4 was closed, and the closing
of switches SS1 and SS3 caused certain circuits
to be set up as explained above,

Therefore, since relays Rl i, R2{ and R3! have
been raised due to the establishing of circuits as
the result of closing switch SSI, raising relay R5
will establish, as shown in Fig. 10, a circuit (L&—
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Cif —14—R1c—15—Rifle—76—R2{e—T71—R3l2—
18—R5—79—1.2) {o energize magnet Cif which
will raise contactor Ci to energize solenocid S{ and
to deenergize magnet R58, thereby causing table |
to be advanced and retracted in the same manner
that tables 2 and 4 were advanced and reiracted
and causing relay R5 to drop. =

When contactor C§ is raised in response to op-
eration of switch L.S$ during upward movement
of platen 10, it causes relays R{, R{{, R2{ and R3!
to drop for the same reason that relays R2, RI2,
R22 and R32 dropped during operation of table 2.

Dropping relay R1 establishes, as shown in Fig.
9, a circuit (L4—RI3—I(0>—RI>—|f(>—RI—
118°—1.3) to energize magnet R3¢ which will
raise relay RI3 and establish a holding circuit
through that magnet but raising relay Ri3 will
have no effect until relay R is raised. :

When table | reaches its outer limit, it operates
switch LS({ to cause contactor Cl to drop and
establish, as shown in Fig. 10, a circuit (L4—R58—
94 — C4c — 95 — C3¢ — 96 — C2¢—971—C{°—98—
LSH—LS21—1.831—1LS41—L3) to energize mag-
net R5¢ which will raise relay R5 and establish
through switch R§ @ holding circuit in magnet
Rbs.

Since starting switch SS3 was closed after
switch SSI was closed and since relays R3, RI3,
R23 and R33 have been raised as explained above,
raising relay R5 will establish, as shown in Fig.
10, a circuit (L4—C3*-74b—_R3°—75b—R (32—
16*>—R23:—71°—R335—T8° — RS¢— 19" —1L3) to
energize magnet C3f which will raise contactor C3
to energize solenoid S8 and to deenergize magnet
RS, thereby causing table 3 to be advanced and
retracted in the same manner that tables 2, 4
and | were advanced and retracted and causing
relay R5 to drop.

‘When contactor C6 is raised in response to op-
eration of switch LS6 during upward movement
of platen 10, it causes relays RS, Ri3, R23 and
R33 to drop for the same reason that relays R2,
R12, R22 and R32 dropped during operation of
table 2.

When table 3 reaches its outer limit, it operates -
limit switch LS3! to re-establish the ecircuit

‘through magnet R5¢ which will raise relay RS and

establish through switch R5f a holding circuit
for magnet R5%, ‘

If none of the starting switches were closed
after switch SS3 was closed, the drive will now
come to rest and will remain idle until any one
of the starting switches is closed but, if one of
the starting switches has been closed, raising
relay R5 will cause the table controlled by that
starting switch to perform 2z cycle of operation
as explained above.

If it is desired to retract a table after it has
started to advance, it is simply necessary to close
the reversing switch RSI, RS2, RS3 or RS4 asso- )
clated with that table to establish & circuit from
line I3 through the reversing switch, wire 89,
limit switches 1L.S44, LS34, L.S24 and LS4, wire
88 and magnet C6! to line L4 to energize magnet
C8&' which will raise contactor C8 to effect re-
versal of pump 20 and consequently retraction of

‘the table but, if the reversing switch is closed

after the table is fully advanced and has opened
limit switch LS4, LS24, 1.S34 or LS44, the. table
will not be retracted for the reason that the cir-
cuit through magnet C6! is broken by the open
limit switch. : .

From the foregoing, it will be obvious that the
tables will be operated in the order in which the
starting switches are closed, that any table may
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be operated a plurality of times before: another
table is operated and that the number of ‘tables
or other elements may be varied by simply va.ry-
ing the number of circuits.

The drive shown and described herein is sus-
ceptible of various modifications and adaptations
without departing from the scope of the invention
which is hereby claimed as follows:

1. In a machine having a plurality of tables, the
combination of a hydraulic motor connecied to
each table to advance and retract the same, a
pump, fuid channels connecting said motors to
said pump and forming therewith a hydraulic
circuit, valve means for controlling the flow in
said circuit and the operation of each of said

18

fully advanced for effecting operation of said.

- valve means to reverse the flow in said circuit

10

ib

motors, a starting means associated with each -

motor and operable to effect operation of said
valve means to cause the motor associated with
that starting meang to advance the table con-
nected thereto, the several starting means being
oberable in any desired sequence, means respon-
sive to any table being fully advanced for effect-
ing operation of said valve means o reverse the
flow in said circuit and thereby cause the motor
connected to that table o retract the same, and
means responsive to any table being fully re-
tracted for effecting operation of said valve means
. to cause an advance movement of the table con-
nected to the motor the starting means of which
was next operated in said sequence.

2. In a machine having a plurality of tables,
the combination of a hydraulic motor connected
to each table to advance and retract the same,
a pump, fluid channels connecting said motors
to said pump and forming therewith a hydraulic
circuit, valve means for controlling the flow in
said circuit and the operation of each of said
motors, a starting means associated with each
motor and operable to effect operation of said
valve means to cause the motor associated with
that starting means {o advance the table con-
nected thereto, the several starting. means being
operable in any desired sequence, means for caus~
ing the speed of the advancing table to be grad-
ually increased from zero to maximum, means
responsive to a table being advanced to a given
point for causing said table to be gradually de-
celerated, means responsive to any table being

 fully advanced for effecting operation of said
valve means to reverse the flow in said ‘circuit

and thereby cause the motor connected to that
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table to retract the same, and means responsive -

to any table being fully retracted for effecting
operation of said valve means to cause an ad-
vance movement of the table connected to the
motor the starting means of which was next op-
erated in said sequence.

3. In a machine having a plurality of ta.bles,

the combination of a hydraulic motor connected -

to each table to advance and retract the same

to said pump and forming therewith a hydraulic
circuit, valve means for controlling the flow in
said circuit and the operation of each of said
motors, a starting means associated with each
motor and operable to effect operation of said
valve means to cause the motor associated with
that starting means to advance the table con-
nected thereto, the several starting means being
orerable in any desired sequence, means for caus-
ing the speed of the advancing table to be grad-
ually increased from zero to maximum, means
responsive to a table being advanced to a given
point for causing said table to be gradually de-
celerated, means responsive to any table being

55
- means for causing the speed of the advancing

, 80
a pump, fluid channels connecting said motors .
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and thereby cause the motor connected to that
table to retract the same, means for causing
the speed of the retracting table to be gradually
increased from zero to maximum, means respon-
sive to a table being retracted to a given point
for causing said table to be gradually decelerated,
and means responsive to any table being fully
retracted for effecting operation of said valve
means to cause an advance movement of the table
connected to the motor the starting means of
which was next operated in said sequence.

4. In a machine having a plurality of tables,
the combinsation of a hydraulic motor connected
to each table to advance and retract the same,
a pump, fluid channels connecting said motors
to said pump and forming therewith a hydraulic
circuit, valve means for controlling the flow in
said circuit and the operation of each of said
motors, & starting means associated with each
motor and operable to effect operation of said
valve means to cause the motor associated with
that starting. means to advance the table con-
nected thereto, the severdl starting meéans being
operable in any desired sequence, means respon-
sive to any one table starting to advance for pre-
venting any other table from advancing until
after said one table has been fully retracted,
means responsive to any table being fully ad-

‘vanced for effecting operation of said valve means

to reverse the flow in said circuit and thereby
cause the motor connected to that table to re-
tract the same, and means responsive to any table
being fully retracted for. effecting operation of

-sald valve means to cause an advance movement

of the table connected to the motor the start-
ing means of which was next operated in said
sequence.

5. In a machine hawng a plurality of tables,
the combination of & hydraulic motor connected
to each table toc advance and retract the same,
a pump, fluid channels connecting said motors
to said pump and forming therewith a hydraulic
circuit, valve means for controlling the flow in
said ecircuit and the operation of each of said
motors, g starting means associated with each
motor and operable to effect operation of s«id
valve means to cause the motor associated with
that starting means to advance the table con- -
nected thereto, the several starting means being
operable in any desired sequence, means respon-
sive to any one table starting to advance for

preventing any other table from advancing until

after said one table has been fully retracted,

table to be gradually increased from =zero to

- maximum, means responsive to a table being

advanced to a given point for causing said table
to be gradually decelerated, means responsive to
any table being fully advanced for efiecting oper-
ation of said valve means fo reverse the ﬂ_ov'v in
said circuit and thereby cause the motor con-
nected to that table to retract the same, means
for causing the speed of the retracting table to
be graduslly increased from zero to maximum,
means responsive to a table being retracted to
& given point for causing said table to be gradu-
ally decelerated, and means responsive to any
table being fully retracted for effecting oper-
ation of said valve means to cause an advance
movement of the table connected to the motor
the starting means of which was next operated in
said sequence.

6. In a machine having a plurality of tables
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" the combination of a hydraulic motor connected
to each table to advance and retract the same,
a pump, fluid channels connecting said motors
to said pump and forming therewith a hydraulic
circuit, flow control means for controlling the
flow in said circuit, valve 'means for controlling
each of said motors, and a control for confrol-
ling said control means and including a start-
ing means for each motor operation of which
- effects operation of said flow control means and
the valve means for controlling the same motor
to cause said motor to advance the table con-
nected thereto, the several starting means being
operable in any desired sequence, means respon-
sive to any table heing fully advanced for effect-
ing operation of said flow control means to re-
verse the flow in said circuit and thereby cause
the motor connected to that table to retract the
same, and means responsive to any table being
fully retracted for effecting operation of said
flow control means and the valve means for
controlling the motor the starting means of which
was next operated in said sequence to thereby
cause that motor to advance, the teble connected
thereto.

7. In a machine having a plurality of tables,
the combination of a hydraulic motor connected
to each table to advance and retract the same,
a pump, fluid channels connecting said motors
to said pump and forming therewith a hydraulic
circuit, flow control means for controlling the flow
in sald circuit, valve means for controlling each
of sald motors, and a control for controlling
said control means and including a starting
means for each motor operaticn of which effects
operation of said flow control means and the
valve means for controlling the same motor
to cause said motor to advance the table con-
nected thereto, the several starting means being
operable in any desired sequence, means respon-
sive to any one table starting to advance for pre-
venting any other table from advancing until
after said one table has been fully retracted,
means responsive to any table being fully ad-
vanced for effecting operation of said flow con-
trol means to reverse the flow in said circuit and
thereby cause the molor connected to that table

to retract the same, and means responsive to-

any table being fully retracted for effecting oper-
ation of said flow control means and the valve
" means for controlling the motor the starting
means of which was next operated in said se-
quence to thereby cause that motor to advance
the table connected thereto.

8. In a machine having a plurality of tables,
the combination of a hydraulic motor connected
to each table to advance and retract the same,
a pump, fluid channels connecting said motors
to said pump and forming therewith a hydraulic
circuit, flow control means for controlling the
flow in said circuit, valve means for controlling
each of said motors, and a control for controlling
said control means and including a starting means
for each motor operation of which effects opera--
tion of said flow control means and the valve
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reverse the flow in said circuit and thereby cause
the motor connected to that table to refract the
same, and means responsive to any table being
fully retracted for effecting operation of said
flow control means and the valve means for con-
trolling the motor the starting means of which
was next operated in said sequence to thereby
cause that motor to advance the table connected
thereto.

9.In a machme having a plurality of tables,
the combination of a hydraulic motor connected
to each table to advance and retract the same, a.
pump, fluid channels connecting said motors to
said pump and forming therewith a hydraulic
circuit, flow control means for controlling the
flow in said circuit, valve means for controlling
each of said motors, and a control for controlling

- said control means and including a starting means -
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means for controlling the same motor to cause -

said motor to advance the table connected there-
to, the several starting means being operable in
any desired sequence, means for causing the speed
of the advancing table {o be gradually increased
from zero to maximum, means responsive to a
table being advanced to a given point for caus-
ing said table to be gradually decelerated, means
responsive to any table being fully advanced for

effecting operation of said flow control means to

70
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for each motor operation of which effects opera-
tion 'of said flow control means and the valve
means for controlling the same motor to cause
said motor to advance the table connected there-
to, the several starting means being operable in
any desired sequence, means responsive to any
one table starting to advance for preventing any .
other table from advancing until after said one
table has been fully retracted, means for caus-
ing the speed of the advancing table to be grad-
ually increased from zero to maximum, means re~
sponsive to a table being advanced to a given
point for causing said table to be gradually de-
celerated, means responsive to any table being
fully advanced for effecting operation of said
flow control means to reverse the flow in said
circuit and thereby cause the motor connected
to that table to retract the same, means for caus-
ing the speed of the refracting table to be grad-
ually increased from zero to maximum, means
responsive to a table being retracted to a given
point for causing said table to be gradually de-
celerated and means responsive to any table being
fully retracted for effecting operation of said
flow control means and the valve means for con-
trolling the motor the starting means of which
was next operated in said sequence to thereby
cause that motor to advance the table connected
thereto.

10. In a press having a platen, power means
for reciprocating said platen, a control adapted
when actuated fo cause said power means to ad-
vance and retract said plates, and a plurality of
tables each of which is adapted to be advanced
into and retracted from the path of said platen,
the combination of a hydraulic motor connected
to each table to advance and retract the same, a
pump, fluid channels connecting said motors to
said pump and forming therewith a hydraulic cir-
cuit, valve means for controlling the flow in said
circuit and the operation of each of said motors,
a starting means associated with each motor and
operable to effect operation of said valve means
to cause the motor associated with that starting
means to advance the table connected thereto,
the several starting means being operable in
any desired sequence, means responsive to any
one table being fully advanced for actuating said
press control to thereby cause said platen to be
advanced and retracted, means responsive to said
platen being retracted for effecting operation of
said valve means to reverse the flow in said circuit
and thereby cause the motor connected to said
one table to retract the same, and means respon-
sive to any table being fully retracted for effecting
operation of said valve means to cause an advance
movement of the table connected to the motor
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_ the starting means of which was next operated
in said sequence.

11. In a press having a platen, power means
for reciprocating said platen, a control adapted
when actuated to cause said power means to ad-
vance and retract said platen, and a- plurality
" of tables each of which is adapted to be advanced
into and retracted from the path of said platen,
the combination of a hydraulic motor connected
to each table to advance and retract the same,
a pump, fluid channels connecting said motors
10 said pump and forming therewith a hydraulic
circuit, valve means for controlling the flow in
- sald circuit and the operation of each of said mo-
tors, o starting means associated with each mo-
tor and operable to effect operation of said valve

means to cause the motor associated with that

starting means to advance the table connected
thereto, the several starting means being oper-
able in any desired sequence, means responsive
to any one table starting to advance for pre-
venting any other table from advancing until
after said one table has been fully retracted,
means responsive to any one table being fully
advanced for actuating said press control to
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thereby cause said platen to be advanced and re-

tracted, means responsive to said platen being
retracted for effecting operation of said valve
means to reverse the flow in said circuit and
thereby cause the motor connected to said one
table to retract the same, and means responsive

to any table being fully retracted for effecting.

operation of said valve means to cause an ad-
vance movement of the table connected to the
motor the starting means of which was next op-
erated in said sequence.

12. In a press having & platen, power means
for reciprocating said platen, a control adapted
when actuated to cause said power means to ad-
- vance and retract said platen, and a plurality
of tables each of which is adapted to be advanced
into and retracted from the path of said platen,
the combination of a hydraulic motor connected
to each table to advance and retract the same,
a pump, fluid channels connecting said motors
to said pump and forming therewith a hydraulic
circuit, valve means for controlling the flow in
said circuit and the operation of each of said
motors, a starting means associated with each
motor and operable to effect operation of said
valve means to cause the motor associated with
that starting means to advance the table con-
nected thereto, the several starting means being
operable in any desired sequence, means respon-
sive to any one table starting to advance for

preventing any other table from advancing until’
after said one table has been fully retracted,
means for causing the speed of the advancing

table to be gradually increased from zero to max-

imum, means responsive to a table being ad-

vanced to a given point for causing said table
to be gradually decelerated, means responsive to
any one table being fully advanced for actuat-
ing said press control to thereby cause said plat-
en to be advanced and retracted, means respon-
sive to said platen being retracted for effecting
operation of said valve means to reverse the flow
in said circuit and thereby cause the motor con-
nected to said one table to retract the same,
means for causing the speed of the retracting
table to be gradually increased from zero to max-
imum, meahs responsive to a table being re-
tracted to a given point for causing said table
to be gradually decelerated, and means respon-
sive to any table being fully retracted for effect-
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ing operation of said valve means to cause an
advance movement of the table connected to the
miotor the starting means of which was next op-
erated in said sequence.

13. In a press having s pliten, power means
for reciprocating said platen, a control adapied
when actuated to cause said power means to ad-
vance and retract said platen, and a plurality
of tables each of which is adapted to be advanced
intc and retracted from the path of said piaten,
the combination of a hydraulic motor connected
to each table to advance and retract the same,
a reversible variable delivery pump, fluid chan-
nels connecting said motors to said pump and
forming therewith a hydraulic circuit, a pump
control for causing said pump to deliver liquid
into either side of said circuit and for varying
pump delivery between zero and a maximum,
valve means for controlling each of said motors,
a starting means for each motor operation of
which effects operation of said pump control and
the valve means for controlling the same motor
to cause said pump to deliver liquid to that mo-
tor and enable it to advance the table connected
thereto, the several starting means being oper-
able in any desired sequence, means responsive
to any one table being advanced for effecting op-
eration of said pump control to cause pump de-
livery to be reduced approximately to zero, means
responsive to any one table being fully advanced

~ for actuating said press control to thereby cause

said platen to be advanced and retracted, means
responsive to said platen being retracted for ef-
fecting operation of said pump control to reverse
the flow in said circuit and thereby cause the mo-
tor connected to said one table to retract the
same, and means responsive to any table being
fully retracted for effecting operation of said
pump control and said valve means to cause an
advance movement of the table connected to the
motor the starting means of which was next op-
erated in said sequence.

14, In a press having a platen, power means for
reciprocating said platen, a control adapted when
actuated to cause said power means to advance
and retract said platen, and a plurality of tables
each of which is adapted to be advanced into and
retracted from the path of said platen, the com-
bhination of a hydraulic motor connected to each

table to advance and retract the same, a re-

versible variable delivery pump, fluid channels
connecting said motors to said pump and forming
therewith a hydraulic circuit, a pump control for
causing said pump to deliver liquid into either
side of said circuit and for varying pump delivery
between zero and g maximum, valve means for
controlling each of said motors, a starting means
for each motor operation of which effects opera-
tion of said pump control and the valve means
for controlling the same motor to cause said pump
to ‘deliver liquid to that motor and enable it to

“-advance the table connected thereto, the several
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starting means being operable in any desired se-
guence, means responsive to any one table start-

_ing to advance for preventing anv other table

from advancing until after said one table has
been fully retracted, means responsive to any
one table being advanced for effecting operation
of said pump control to cause pump delivery to
be reduced approximately to zero, means respon-
sive to any one table being fully advanced for ac-
tuating said press control to thereby cause saia
platen to be advanced and retracted, means re-
sponsive to. said platen being retracted for ef-
fecting operation of said pump control to reverse
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the flow in said circuit and thereby cause the
motor connected to said one table to retract the
same, and means responsive to any table being
- fully retracted for effecting operation of said
pump control and said valve means to cause an
advance movement of the table connected to the
motor the starting means of which was next op-
erated in said sequence,

15, In a system having a plurality of ‘ele-
menis, the combination of s plurality of motors
éach of which' is connected to one ‘of said ele-

ments and adapted when energized to drive it.

in. opposite directions, & power source for ener-
gizing said motors means for controlling the de-
livery of energy to said motors including a sepa-
rate controller for each motor, and an electric
circuit having instrumentalities for cperating said
control means and including g starting switch for
each element and adapted when operated to
initiate & circuit to effect operation of said con-
trol means to cause movement in one direction of
the element with which that switch is associated,
a plurality of switch means each of which is op-
erable by one of said elements at a given point
in the movement thereof in said direction and
adapted when operated to initiate a circuit for
operating said control means $o effect movement
of that element in the opposite direction, a plu-
rality of limit switches each of which is operable
by one of seid elements at the end of its move-
ment in said opposite direction, means respon-
sive to the initial movement of any one element
for preventing the subsequent operation of any
other starting switch from causing movement of
any other element until after said one element
has reached the end of its movement in said op-
posite direction, and means responsive to opera-
tion of any one of said limit switches for estab-
‘lishing a circuit to effect operation of any one
of the other elements whose starting switch was
operated next after the element operating saxd
one limit switch had started to move.

16. A hydraulic’ drive, comprising a plurality
of hydraulic motors, a source of motive liguid,
fluld channels connectlng sald motors to said
source in parallel with each other and forming
therewith a hydraulic circuit, low contro]l means
for directing liquid from said source into either
or neither side of said circuit, valve means for
controlling each of said motors, and an alectric
circuit having instrumentalities for operating said

means and including a plurality of sub-circuits, a -

plurality of starting switches each of which is
associated with one of said motors and adapted
‘when operated to initiate energization of a sub-
circuit to effect operation of said fiow control
means and the valve means for controlling the
motor with which the operated starting switch

. is associated to thereby cause that motor {o op-

erate in one direction, a plurality of switch means
each of which is operable by one of said motors
during operation thereof in said direction and
which when operated is adapted to initiate ener-
" gization of a sub-circuit to effect operation of
said flow control means to thereby cause that
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motor to operate in the opposite direction, a plu-

rality of limit switches each of which is operable
by one of said motors at the completion of its
operation in sald opposite direction, means re-
" sponsive to initiating operation of any one mo-
tor for preventing the subsequent operation of any
other starting switch from causing operation of
any other motor until after said one motor has
completed its operation in said opposite direction,
- and means responsive to operation of any one of

‘
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said limit switches for energizing a sub-circuit
to effect operation of any one of the other motors
whose starting switch was operated next after
the motor operating said one limit switch had
started to operate. .

17. In g system having a plurality of individ-
ually movable elements, the combination of a .
plurality of motors each of which is connected
to one of said elements and adapted when ener-
gized to operate the same, means for energizing

‘said motors, control means for said motors in-.

cluding a separate controller for each motor, a
starting means associated with each motor and
operable to effect operation of said control means

5 to cause the associated motor to operate the ele-

ment. connected thereto, the- several starting
means being operable in any desired sequence,
means responsive to one element starting to op-
erate for preventing any other element from be-
ing operated, and means responsive to an ele-
ment completing its operation for effecting op-
eration of ancther of said motors the starting
means of which was next operated in said se-
quence.

18. In a system having s plurality of individ-
ually movable elements, the combination of a
plurality of motors each of which is connected to
one of said elements and adapted when energized
to operate the same, -means for energizing said
motors, control means for said motors including
a separate controller for each motor, & starting

_means associated with each motor and operable

to effect operation of said control means to cause
the associated motor to operate the element con-
nected thereto, the several starting means being

‘operable in any desired sequence, means respon-

sive to one element starting to operate for pre-
venting any other element from being operated,
means for gradually accelerating and decelerating
each of said motors, and means responsive to an
element completing its operation for effecting

‘operation of another of sald motors the start-

ing means of which was next opera.ted in sa,id
sequence,

-18. In a system having a plurslity of individ-
ually .movable elements, the combination of a
plurality of hydraulic motors ‘each of which is
connected to one of said elements and adapted
when energized to operate the same, means for .
supplying motive liquid to sald motors to ener-
gize the same, control means for said motors in-
cluding a separate control valve for each motor,
and an electric circuit including magnetic means
for operating sald control means, a starting
switch associated with each motor and operable
to effect operation of said control means-to cause
the associated motor to operate the element con~
nected thereto, the several starting switches being
operable in any desired sequence, means respon-
sive to one element starting to operate for pre-
venting any other element from being operated,

*and means responsive to an element completing

its operation for effecting operation of another of
said motors the starting switch of which was next
operated in said sequence.

20, In a machine having a plurality of indi-
vidually movable elements, s plurality of motors
each of which is connected to one of said elements
and adapied when energized to move it through
& given cycle, and means for energizing said mo-
tors, the combination of means for controlling
the delivery of energy to sald motors including a
separate controller for each motor, and inter-
locking electric circuilts having devices for op-

erating said con_trol means and including & start-
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ing switch associated with each element and
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adapted when operated to establish a circuit to

effect operation of said control means to initiate
movement of the element with which that switch
is associated, & plurality of limit switches each of
which is operable by one of said elements at the
end of its cycle of movement, means responsive
to the initial movement of any one element for
preventing the subsequent operation of a stert-

ing switch from causing movement of any other 1¢

o
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element until after sald one element hes reached
the end of its cycle of movement, and means re-
sponsive to operation of any one of said limit
switches for establishing g circuit to effect move-
ment of any other element whose starting switch
was operated next after the switch associated
with-the element operating sald one limit switch
was operated. : :
RANSOM TYLER.




