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1. 

CONTROL SYSTEM FOR AUTOMATCOPERATION OF 
APRESSLINE 

BACKGROUND OF THE INVENTON 

This invention relates to methods and means for operating a 
press line, and more particularly to press line composed of a 
plurality of presses and transfer feeders interposed 
therebetween, wherein the components of the press line are 
not mechanically, but electrically. 

Heretofore, it has been widely known that a plurality of 
presses and the associated transfer feeders may be effectively 
operated if they are combined into a press line and operated 
without interruption and automatically, for instance, by 
depressing a pushbutton. A workpiece is then processed in 
one stage of the press line, taken out of the press, transferred 
to the subsequent press, loaded therein, and processed again 
to be taken out of the press, a required number of such opera 
tional cycles are repeated in succession. 

In the above-described operation, it is essential that each of 
the components of the press line is operated in synchronism so 
that accurate timing is maintained between the sliding motions 
of the presses and the associated transfer feeders. 
Thus, the method of operating the press line for obtaining 

the good timing between the component members of the press 
line is of the fundamental importance. 
The conventional method employed for operating a press 

line employs presses, each having a specifically assigned work 
ing region, and transfer feeders interposed between each of 
the presses. They are operated so that each workpiece 
processed in a press is taken out of the press, transferred and 
loaded into the next press. In such conventional methods all of 
the presses stopped their operations once in each operational 
cycle and aligned their positions to, for instance, their upper 
dead points. 
Such operation of the press line made it essential to operate 

clutches and brakes provided on each of the presses once dur 
ing each operational cycle. This shortened the life of the 
clutches and the brakes, and also resulted in a complicated 
operation. 

SUMMARY OF THE INVENTION 
The object of this invention is to provide an improved 

method of operating a press line, wherein the above-described 
drawbacks of the conventional method are eliminated. 

Principle object of the invention is to provide an improved 
method for operating a press line, wherein the necessity of 
aligning the positions once in each of the operational cycle is 
obviated, 
Another object of this invention is to provide a novel 

method for controlling a press line, wherein the life of the 
clutches and the like is elongated and the operational 
procedure thereof simplified. 

Still another object of the present invention is to provide a 
novel method for controlling a press line, wherein all the 
presses and the transfer feeders are equipped with variable 
speed motors, and the sliding motion of each of the presses 
and the translating motion of each of the transfer feeders are 
interlinked synchronously by combining them electrically, so 
that the press line can be operated synchronously. 

Further object of the present invention is to provide a novel 
method for controlling the press line, wherein all the rotating 
speeds of the flywheels of the presses are equalized by 
tachometer generators when the clutches are disengaged, and 
each of the flywheel driving motors are synchronized by the 
controlling synchro-motors when the clutches are engaged. 
Another object of the present invention is to provide a 

method for controlling a press line, wherein, by adopting a 
common source system, all the presses are operated at equal 
speeds even when the synchronizing operation is not effected 
between each of the presses as well as between each of the 
presses and each of the transfer feeders, whereby the opera 
tion of the controlling system is carried out smoothly. 
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2 
Still another object of the present invention is to provide a 

method for controlling a press line, wherein each of the 
transfer feeders is equipped with a motor without mechani 
cally connecting the transfer feeder and the drive shaft of the 
press, and each of the presses and each of the transfer feeders 
are controlled electrically so that they are operated 
synchronously. 
These and other objects of the present invention are 

achieved by a novel method for operating the press line in 
cluding a row of presses each having a specific working region 
assigned thereto and a required number of transfer feeders in 
terposed between each of the presses. The method, according 
to one aspect thereof, comprised the steps of controlling, be 
fore the activation of the presses, flywheel driving motors of 
the presses with the aid of a reference tachometer generator 
and controlling tachometer generators attached on the presses 
so that the speeds of the flywheel driving motors are substan 
tially equal to each other. After the activation of the presses 
by means of clutches, the flywheel driving motors are driven in 
synchronism by the aid of a reference synchro-generator and 
control synchro-motor attached on the presses. In accordance 
with another aspect of the invention, the method comprises 
the steps of operating the first press and the transfer feeders in 
synchronism under the direction of a transmitter coupled to 
the first press, and thereafter activating the second and the 
subsequent presses so that these presses do not interfere with 
the operation of the first press and the transfer feeders. 
The nature, principle, and the advantageous features of the 

invention will be better understood from the following 
description with respect to the preferred embodiments thereof 
when readin conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

In the drawings: 
FIG. 1 is an explanatory schematic view of a press line for 

which the operational method according to the present inven 
tion is to be applied; 

FIG. 2 is a schematic diagram of a press line for which an 
embodiment of the operational method of the invention is ap 
plied; and, 

FIG. 3 is a similar schematic diagram of another press line 
for which another embodiment of the operational method of 
the invention is to be applied. In the figure, the solid line 
shows the electrical connections, and the broken line shows 
the mechanical connections, 

DETALED DESCRIPTION 

As is apparent from FIG. 1, the press line according to the 
present invention comprises a plurality of single acting presses 
1, 2, 3, and 4, each of which is operable independently, and a 
plurality of transfer feeders 5, 6, 7 and 8, each of which is in 
terposed between the preceding press and the following press, 
so that each of workpieces loaded in a press is worked therein, 
unloaded, transported to the next press, and loaded therein 
automatically, 
To be more particular, a piece of material initially loaded in 

the first press 1 is pressed therein. The thus pressed material in 
the first press 1 is thereafter taken out of the first press 1 auto 
matically by means of the first transfer feeder 5 and trans 
ported to the second press 2 to be loaded therein. The materi 
al is again pressed in the second press 2, unloaded and trans 
ported automatically to the third press 3 by means of the 
second transfer feeder 6. The material is thus loaded in the 
third press 3. By repeating the same procedure, ultimately the 
material loaded in the first press 1 will be subjected to the first, 
second, third and fourth pressing processes and completed 
into a desired shape. 

In order that a fully automatic operation throughout the 
press line is attained, the presses 1, 2, 3 and 4 are operated in 
synchronism. To be more specific, immediately before the in 
itiation of the press operation, all the motors for driving the 
presses 1, 2, 3 and 4 have their speeds equalized by tachome 
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ter generators provided on each of the presses and also by 
tachometer generator provided separately. After the presses 
are started, the motors for driving the flywheels of the presses 
are synchronized by means of control synchro-motors pro 
vided on the presses and a master synchro-generator provided 
in a separate position. In this way, unloading of the workpieces 
from all of the presses, transportation of these workpieces to 
the following presses, and loading of these pieces in the 
presses, can be carried out fully automatically. 
The above described equalization of speed (or speed align 

ment) just before the initiation of the press operation, and the 
synchronization of the motors 9, 10, 11 and 12 for driving the 
flywheels (not shown) of the presses 1, 2, 3 and 4, are 
achieved with the aid of an electric control system as illus 
trated in FIG.2. 

Referring to FIG. 2, there is provided an AC motor 16 
which is supplied power from an AC power source 13 through 
a disconnect switch 14 and a control switch 15. In this case, a 
fuse 17, a transformer 18 for energizing the control switch 15, 
a protecting relay 19, an AC ammeter 20, and a current trans 
former 21 are also provided at the input of the AC motor 16. 
A DC generator 22 is driven by the AC motor 16. The out 

put voltage of the DC generator 22 is controlled by a constant 
voltage device 23, a transfer switch which transfers between a 
speed regulating rheostat 26 used for varying setting of the 
speed and a fixed resistor 27 used for fixed setting of speed 
through the contacts 24, 25 and a control amplifier 28 the out 
put of which is supplied to the excitation field coil 29 of the 
DC generator 22. 
DC motors 9, 10, 11 and 12 for driving the presses 1, 2, 3 

and 4, respectively. They are all supplied power from the DC 
generator 22 through circuit interrupters 30a, 30b, 30c and 
30d, reversible magnetic switches 31a, 31b, 31c and 31d, ther 
mal overload relays 32a, 32b, 32c and 32d, and a starting re 
sistors resistors 33a, 33b, 33c and 33d, respectively. The field 
current flowing through magnetic field coils 34a, 34b, 34c and 
34d of these motors 9, 10, 11 and 12 are regulated by cor 
responding magnetic field control amplifiers 35a, 35b,35c and 
35d, respectively. 
Tachometer generators 36a, 36b, 36c and 36d are also at 

tached on the presses 1,2,3 and 4. Transistor relays 37a,37b, 
37c and 37d, are connected to the former for confirming the 
stop of the motors 9, 10, 11 and 12, respectively. 

In a system control panel (not shown), there is provided a 
DC motor 38 for driving a reference synchro-generator 44 to 
be used for synchronizing the presses 1,2,3 and 4. The motor 
38 receives electric power from the DC generator 22 through 
a magnetic switch 39 and a thermal overload relay 40. 
A tachometer generator 41 is directly coupled to the DC 

motor 38. The output of the tachometer generator 41 is com 
pared with the outputs of the tachometer generators 36a,36b, 
36c and 36d directly coupled with the DC motors 9, 10, 11 
and 12 for driving the flywheels of the presses. The difference 
therebetween is amplified in the respective field control am 
plifier 35a, 35b,35c and 35d so that a current proportional to 
the difference is passed through the field coil 34a, 34b, 34c 
and 34d. In by this way, the rotating speed of the motors 9, 10, 
11 and 12 are equalized before the presses 1, 2, 3 and 4 are 
put into operation. 
When clutches 42a, 42b, 42c and 42d provided on the DC 

motors 9, 10, 11 and 12 for transmitting the driving force are 
engaged, the control synchro-motors 43a, 43b, 43c and 43d 
are also driven from the motors 9, 10, 11 and 12, respectively. 
At the same time, a clutch 45 for the reference synchro 
generator 44 is also engaged so that the latter is driven from 
the DC motor 38. 

Phase differences between the control synchro-motors 43a, 
43b, 43c and 43d and the reference synchro-generator 44 are 
detected and amplified by synchronism detecting amplifiers 
46a, 46b, 46c, and 46d. The results are transmitted to the field 
control amplifiers 35a, 35b, 35c and 35d, respectively, 
whereby the rotating speeds of the DC motors 9, 10, 11 and 12 
may be equalized between each other. 
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4. 
It should be noted that speed reduction means 47a, 47b, 47c 

and 47d are provided between the clutches 42a, 42b, 42c and 
42d and the synchro-motors 43a, 43b, 43c and 43d, respec 
tively. Directly coupled with the synchro-motors, there are 
provided indicating synchro-transmitters 48a, 48b, 48c and 
48d which are in turn directly connected with indicating 
synchro-receivers 49a, 49b, 49c, and 49d respectively. These 
synchro-receivers 49a, 49b, 49c and 49d receive the output 
signals from the synchro-transmitters 48a, 48b, 48c and 48d 
and indicate the sliding position of the presses 1,2,3 and 4. 

Phase difference indicators 50a, 50b, 50c, and 50d and 
relays 51a, 51b, 51c and 51d are provided nearby the 
synchronism detecting amplifiers 46a, 46b, 46c, and 46d, and 
the phase differences between the reference synchro-genera 
tor 44 and the synchro-motors 43a, 43b, 43c and 43d are in 
dicated by the former indicators. When the phase difference 
between the reference synchro-generator 44 and any one of 
the synchro-motors exceeds an allowable limit, the cor 
responding relay is operated, and the power supply to the DC 
motors 9, 10, 11 and 12 is interrupted so that all of the presses 
1,2,3 and 4 are brought to standstill simultaneously. 
As is apparent from the above description, for the purpose 

of obtaining synchronized operation of all of the presses 1,2,3 
and 4 in the press line, the rotating speeds of the flywheels 
driving motors 9, 10, 11 and 12 are equalized each other 
under the control of the tachometer generators 36a, 36b, 36c 
and 36d directly coupled to the flywheel driving motors and a 
reference tachometer generator 41 directly coupled to the 
reference motor 38 before the presses 1, 2, 3 and 4 are 
operated. After the presses are operated, the presses are 
driven in synchronism by the aid of the control synchro-mo 
tors and the reference synchro-generator, so that the loading, 
unloading, and transfer of the materials between the presses 
can be achieved in far simpler manner. 

Moreover, when the work loads of the presses are different 
to a large extent, the provision of the DC flywheel driving mo 
tors and a DC generator to supply electric power to these mo 
tors allows mutual transfer of electric power between these 
DC motors. Thus the required capacity for the DC generator 
can be substantially reduced. 

Referring to FIG. 3, there is illustrated another synchroniz 
ing control system which is adapted to be employed in another 
type of synchronizing control method of press line constituting 
another embodiment of the present invention. In this embodi 
ment, a plurality of transfer feeders are operated in 
synchronism under the control of a synchro-generator directly 
coupled to the first press, and the second and the following 
presses are operated continuously and intermittently so that 
these presses do not interfere with the operation of the first 
press and the transfer feeders. 

In FIG. 3, there are indicated a first, second, third, ... n-th 
presses 101, 101, ..., 101, and transfer feeders 102, 102, 
..., 102, which are interposed between each of the presses, 
and a feeder placed at the delivery side of the n-th press 101. 
The press line is formed from the presses 101, 101,..., 101, 
and transfer feeders 102, 102, ..., 102, disposed in a linear 
arrangement. 
These presses 101, 101, ..., 101 are driven by variable 

speed motors 105, 105, ..., 105. For the purpose of operat 
ing the main variable speed motor 105 for the first press 101 
at an equivalent speed to that of another variable speed motor 
104 which is driving a master synchro-generator 103, each of 
the variable speed motors 105 and 104 are provided with a 
tachometer generator. The first press 101 of this embodiment 
may be a double acting press. 
The transfer feeders 102, 102,..., 102 are driven variable 

speed motors 106, 106,..., 106. The purpose of these varia 
ble speed motors operating at an equivalent speed to that of 
the variable speed motor 104 which is driving the master 
synchro-generator 103, all of the variable speed motors 106, 
106, ..., 106 are provided with tachometer generators 107, 
107,..., 107, respectively. 
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In order that the master synchro-generator 103 may be 
operated at an equivalent speed and an equivalent phase angle 
to those of the first press 101, a synchro-generator 110 and a 
control synchro-receiver 111 as well as a tachometer genera 
tors 108, 109 are provided on the variable speed motors 104 
and 105. 
For operating the transfer feeders 102, 102, ..., 102 at an 

equivalent speed and phase angle to those of the master 
synchro-transmitter 103, tachometer generators 108, 107, 
107,..., 107, a synchro-generator 103, and control synchro 
receiver 112, 112, ..., 112 are provided on the variable 
speed motors 104 and 106, 106,..., 106. 
A rotary cam switch 113 is directly coupled to the master 

synchro-generator 103 so that they may be rotated in unison, 
and when the rotary cam switch 113 is rotated for a predeter 
mined angle, the second and following presses 101 to 101 
are started their operations through the activation of respec 
tive clutches. As is apparent from the drawing, clutches 114, 
115, 115, ..., 115, and 116, 116,..., 116 are also provided 
on the variable speed motors 104, 105, 105, ..., 105, and 
106, 106,..., 106. 
A "single-interlink' operation transferring switch 117 is 

provided for the variable speed motor 105 for driving the first 
press 101, which is of double-acting type. "Single-interlin 
ked' operation transfer switches 118, 118, ..., 118 are 
further provided for the variable speed motors driving transfer 
feeders 107,107,..., 107. 
The variable speed motor 104 is also provided with a speed 

control device 119, and the first press driving motor 105 is 
provided with another speed control device 120. Likewise, the 
variable speed motors 106, 106, ..., 106 for driving the 
transfer feeders are provided with speed control devices 121, 
121, ..., 121. Numerals 122, 1231, 123, ..., 123 designate 
speed setting devices. There are also provided starters 124, 
125, 125, ..., 125, and 126, 1262, ..., 126 for variable 
speed motors 104, 105, 105, ..., 105, and 106, 106, ..., 
106, respectively. 
Furthermore, numeral 127 designates a starting signal trans 

mitter to be employed for engaging or disengaging the above 
described clutches 114, 115, and 116, 116,..., 116, and the 
numeral 128 designates an electric power source. In FIG.3 all 
of the solid lines indicate electrical connections, and the 
broken lines indicate mechanical connections. 

Since the control system of the press line for practising 
another embodiment of the invention is constructed as 
described above, upon depressing a pushbutton (not Shown) 
for operating the starting signal transmitter 127, the clutches 
114, 15, 116, 116,..., 116 are all engaged, whereby the 
master synchro-generator 103, the first press 101, and the 
transfer feeders 102, 102, ..., 102 are operated simultane 
ously. By this way, the variable speed motor 105 for the first 
press is controlled by the tachometer generator 108, 109, 
synchro-generator 110, a control synchro-receiver 111 so that 
the motor 105 operates at an equivalent speed and phase 
angle to those of the master synchro-generator 103. The varia 
ble speed motors 106, 106, ..., 106 for driving the transfer 
feeders 102, 102, ..., 102 are also controlled by the 
tachometer generators 108, 107, 107, and synchro-receiver 
112, 112, ..., 112 so that they are operated at an equivalent 
speed and phase angle to those of the master synchro-genera 
tor 03, 

After the master synchro-generator 103 has rotated for a 
predetermined angle, the rotary cam switch 113 rotated in 
unison with the master synchro-generator 103 starts to 
operate the second and the following presses 101, ..., 101 in 
an appropriate timing, so that the second and the following 
presses 101, ..., 101 are started after the first press 101 and 
the transfer feeders 1021, 102, ..., 102, have brought into 
synchronized operation with the master synchro-generator 
103. To be more specific, the second and the following presses 
101, ..., 101 are started after the first press 101 and the 
transfer feeders 1021, 102, ..., 102 are all brought into 
synchronized operation with the master synchro-generator 
103. 
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6 
By this way, all of the presses 101, 101,..., 101 and the . 

transfer feeders 102, 102, ..., 102 are automatically 
operated without interference between each other. 
When the first press 101 is not utilized, the "single inter 

link' transfer switch 117 for the first press 101 is thrown to 
the "single' side, whereby the transfer feeders 102, 102,..., 
102 and the second and the following presses can be con 
trolled by the master synchro-generator 103 independently to 
the speed and phase angle of the first press 101. 

Accordingly, with the above-described construction of the 
control system for the automatic press line, an operational 
method of the control system constituting another embodi 
ment of the present invention is made realizable, wherein the 
first press and all of the transfer feeders are maintained in a 
continuous operating condition, and, when it is required, the 
second and following presses are temporarily stopped, for in 
stance, at their upper dead points, so that all of the presses and 
the transfer feeders are thereafter operated in synchronism. 

In view of the above description, it would be apparent that 
these operational methods of the press line, when it is com 
pared with the conventional method of the master synchro 
transmitter always controlling the first press together with 
other component members, can further decrease the capacity 
as well as the response speed of the variable speed motor driv 
ing the first press, and allows far simpler electrical installation 
than those according to the conventional method. 
We claim: 
1. In a press line having a series of presses with drive motors 

and transfer feeders with drive motors interposed between the 
presses, wherein the presses each have a crankshaft and the 
transfer feeders have a drive shaft, a control system for auto 
matic operation of the press line comprising, a reference 
synchro-generator, a synchro-receiver, said synchro-receiver 
being operated in association with one of the drive motors of 
one of the presses, a second synchro-receivers, said synchro 
receiver being operated in association with one of the drive 
motors of the transfer feeders, tachometer generator means 
connected to each of said reference synchro-generators and 
each of said driving motors for equalizing the speeds of the 
driving motors and the reference synchro-generator before 
operating the press line, means responsive to the rotation of 
the crankshaft of each presses and the rotation of the drive 
shaft on each transfer feeder and including said reference 
synchro-generator and each of said synchro-receivers for 
synchronizing the phase of the axis of the reference synchro 
generator with the phase of the crank shaft of each press and 
the phase of the drive shaft of the transfer feeder. 

2. In a press line having a series of presses each including a 
drive motor and a crank shaft, and having a transfer feeder in 
terposed between adjacent presses between adjacent presses 
and each including a drive motor and a drive shaft, a control 
system for automatic operation of the press line comprising, 
reference synchro-generator means including a synchro 
generator and a synchro-receiver and a tachometer generator, 
a second synchro-generator having a second tachometer 
generator, said second synchro-generator being operated in 
association with the crankshaft of one of the presses by a drive 
motor of the press, a second synchro-receiver having a third 
tachometer generator, said second synchro-receiver being 
operated in association with each of the drive shafts of the 
transfer feeders, control means for equalizing the speeds of 
the drive motor of the first press and the drive motor of the 
reference synchro-generator means prior to operating the 
press line, said first means including said second tachometer 
generator and said reference synchro-generator means, 
second means for equalizing the speeds of the drive motor of 
the reference synchro-generator and the drive motor of each 
transfer feeder before operation of the press line, said second 
means including said first tachometer generator and said third 
tachometer generator, third means for synchronizing the 
crankshaft of the first press in the axis of the synchro-receiver 
of said reference synchro-generator means during operation 
of the press line for processing workpieces, said third means 
including said second synchro-generator and said first 
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synchro-receiver, fourth means for synchronizing the axis of 
the synchrogenerator of said reference synchro-generator 
means and the drive shaft of each of the transfer feeders dur 
ing operation of the press line, said fourth means including 
said first synchro-generator and said second synchro-receiver, 5 
and a rotary cam switch coupling the second presses with said 
reference synchro-generator means. 
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