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Description

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to pressing method
and system for performing a drawing operation on a
blank, which method and system assure high accuracy
of diagnosis for adequate holding of the blank, and also
relates to a device suitably used in such pressing
method and system for detecting loads transmitted to
the blank through cushion pins.

Discussion of the Related Art

There is widely used a pressing system including
(a) a die and a punch cooperating to perform a drawing
operation on a blank to draw the blank along a forming
surface of the punch, (b) a cushion platen, (c) resist-
ance applying means for applying a resistance to a
movement of the cushion platen, (d) a pressure ring
cooperating with the die to hold the blank at a peripheral
portion thereof during the drawing operation, and (e) a
plurality of cushion pins interposed in parallel with each
other between the cushion platen and the pressure ring,
for transmitting a blank holding force based on the
above-indicated resistance to the pressure ring,
wherein the drawing operation is performed when the
pressure ring and the die are moved relative to the
punch in a pressing direction against the above-indi-
cated resistance. During the drawing operation, the
cushion platen is lowered against the resistance applied
thereto by the resistance applying means, while the
cushion platen has a substantially horizontal attitude,
and the punch is fixedly positioned on a bolster dis-
posed above the cushion platen. The cushion pins are
supported at their lower ends by the cushion platen
such that the cushion pins extend through respective
through-holes formed through the bolster and respec-
tive through-holes formed through the punch. The cush-
ion pins support at their upper ends the pressure ring.
The die disposed above the punch and pressure ring is
reciprocated in the vertical direction by suitable drive
means, so that the die and the pressure ring are moved
relative to the punch so as to perform the drawing oper-
ation on the blank.

Also known is a pressing system further including
(f) a plurality of fluid-actuated balancing cylinders which
are disposed on the cushion platen such that the lower
ends of the cushion pins are associated with the pistons
of the respective fluid-actuated balancing cylinders. The
fluid-actuated balancing cylinders are hydraulic cylin-
ders having respective pressure chambers communi-
cating with each other, and the pistons of these
cylinders are held in their neutral positions during the
drawing operation with the blank held by and between
the pressure ring and the die, so that the blank holding
force acts evenly or uniformly on the pressure ring
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through all of the cushion pins. An example of this type
of pressing system is disclosed in JP-A-6-304800 (pub-
lished in 1994). In this pressing system, the blank hold-
ing force is evenly distributed to the pressure ring and
the blank through the fluid in the hydraulic cylinders and
the cushion pins, so as to establish a desired distribu-
tion of the blank holding force depending upon the
arrangement of the cushion pins, irrespective of dimen-
sional and positional errors or variations such as a
length variation of the cushion pins and an inclination of
the cushion platen with respect to the horizontal plane.

For even distribution of the blank holding force over
the entire area of the pressure ring, the pistons of all the
hydraulic cylinders should be held between their upper
and lower stroke ends, namely, placed in their neutral
positions, during the drawing operation on the blank,
irrespective of the length variation of the cushion pins
and other dimensional and positional errors. To this end,
an optimum initial hydraulic pressure Pso in the hydrau-
lic cylinders prior to the drawing operation is determined
so as to satisfy the following equation (1):

Xav=(Fs-n-As-Pso)V/nZ-As®-K (1)

where,

Xav: average operating stroke of the pistons of the
hydraulic cylinders (from the upper stroke
ends)

As: pressure-receiving area of the hydraulic cylin-
ders

K: modulus of elasticity of volume of the fluid

V: initial volume of the working fluid

Fs: blank holding force

n: number of the cushion pins 22 (or the corre-

sponding hydraulic cylinders)

The average operating stroke Xav of the pistons of
the balancing hydraulic cylinders is an average of the
operating strokes of these pistons from their upper
stroke ends, which permits all of the cushion pins to be
in abutting contact with the underside of the pressure
ring. The average operating stroke Xav is determined by
experiments or other suitable method so that the pis-
tons of all the hydraulic cylinders are pushed down by
the respective cushion pins away from their upper
stroke ends but are held apart from the lower stroke
ends (not bottomed), even in the presence of the dimen-
sional and positional errors such as the length variation
of the cushion pins and the inclination of the cushion
platen. The volume V is the total volume of the working
fluid in a hydraulic circuit including the pressure cham-
bers of the hydraulic cylinders and a conduit connecting
the pressure chambers.

JP-A-6-312225 (published in 1994) proposes a
diagnostic device for a pressing system, which is
adapted to diagnose the pressing system to check if the
blank holding force is in an optimum range which per-
mits even distribution of the blank holding force during
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the drawing operation such that the the pistons of all the
balancing hydraulic cylinders are held in their neutral
positions. This diagnosis is effected according to a rela-
tionship between the blank holding force and the
hydraulic pressures which are generated during the
drawing operation. Alternatively, the diagnostic device
disclosed in the above publication is adapted to check if
the hydraulic pressure generated during the drawing
operation substantially coincides with a predetermined
optimum value which permits the even distribution of the
blank holding force.

Thus, the known diagnostic device is arranged to
determine that the blank holding force is evenly distrib-
uted, if the pistons of all of the balancing fluid-actuated
cylinders are held in their neutral positions. However,
the neutral positions of the pistons of the balancing cyl-
inders do not necessarily mean substantially even distri-
bution of the actual blank holding force to the pressure
ring and the blank through the cushion pins, and the
known diagnostic device does not assure the diagnosis
with consistently high accuracy and does not permit suf-
ficiently intricate or fine control of the load which is
transmitted through each cushion pin to the pressure
ring. In the case where the diagnosis for even distribu-
tion of the blank holding force is effected by comparing
the actually generated hydraulic pressure with the pre-
determined optimum value, it is impossible to detect
which one of the hydraulic cylinders is defective (e.g., in
the position of its piston during the drawing operation)
leading to uneven distribution of the blank holding force.
Accordingly, it is extremely cumbersome to find out and
remove a cause for the uneven distribution.

While the above problems are experienced on the
pressing system equipped with the fluid-actuated bal-
ancing cylinders, the pressing system not equipped with
such fluid-actuated balancing cylinders does not have
means suitable for diagnosing the system for adequate
holding of the blank during the drawing operation. In this
case, the user of the pressing system must check the
quality of the product actually produced by the drawing
operation on the blank, to determine whether the blank
is adequately held by the pressure ring.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
make it possible to effect a highly accurate diagnosis of
a pressing system for adequate holding of the blank or
a sufficiently intricate control of the distribution of the
blank holding force, or facilitate or speed-up the diagno-
sis and adjustment or remedy to find out and remove a
cause for inadequate holding of the blank.

The above object may be achieved according to
one aspect of the present invention to provide a method
of pressing a blank in a pressing system including (a) a
die and a punch cooperating to perform a drawing oper-
ation on the blank to draw the blank along a forming sur-
face of the punch, (b) a cushion platen, (c) a resistance
applying means for applying a resistance to a move-
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ment of the cushion platen, (d) a pressure ring cooper-
ating with the die to hold the blank at a peripheral
portion thereof during the drawing operation, and (e) a
plurality of cushion pins interposed in parallel with each
other between the cushion platen and the pressure ring,
for transmitting a blank holding force based on the
resistance to the pressure ring, wherein the drawing
operation is performed when the pressure ring and the
die are moved relative to the punch in a pressing direc-
tion against the resistance, the method comprising the
steps of: detecting a load which is transmitted to the
pressure ring through each of the cushion pins during
the drawing operation; and determining whether the
blank is adequately held by the blank holding force,
depending upon whether at least one predetermined
characteristic value of the detected load transmitted
through each cushion pin satisfies a predetermined
condition.

In the present pressing method, the load which is
transmitted to the pressure ring through each cushion
pin is detected, and the determination as to whether the
blank is adequately held by the blank holding force is
effected depending upon whether the predetermined
characteristic value of the detected load of each pin sat-
isfies the predetermined condition or not. The load
which is transmitted to the pressure ring through each
cushion pin directly represents a local blank holding
force to be transmitted to the pressure ring through that
cushion pin. According to the present method, there-
fore, the pressing system (which may or may not be
equipped with fluid-actuated balancing cylinders) can
be diagnosed with high accuracy to determine whether
the blank is held by and between the pressure ring and
the die with a desired distribution of the blank holding
force, which is established when the predetermined
condition is satisfied by the predetermined characteris-
tic value of the detected load of each cushion pin. Fur-
ther, the use of the detected load transmitted through
each cushion pin permits a sufficiently intricate control
or adjustment of the distribution of the blank holding
force on the pressure ring (and the blank). The present
pressing method also permits easy identification or
determination of the cushion pins for which the charac-
teristic value of the detected load is not satisfied,
whereby the pressing system can be easily and effi-
ciently inspected, adjusted or repaired to find out and
remove a cause for inadequate distribution of the blank
holding force. The pressing method according to this
aspect of the invention provides these advantages for
not only a pressing system equipped with the fluid-actu-
ated balancing cylinders, but also a pressing system not
equipped with the balancing cylinders.

The present method uses at least one predeter-
mined characteristic value of the detected load of each
cushion pin, which may be selected from among a
waveform, a peak value, an average value, an oscilla-
tion frequency and a damping coefficient of the wave-
form of the load which is detected during the drawing
operation by one movement of the die and the punch
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relative to each other in the pressing direction. In one
preferred form of the invention, each characteristic
value of the detected load satisfies the predetermined
condition if the characteristic value is held within a toler-
ance range or if a difference or variation in the charac-
teristic values of the individual cushion pins is held
within a tolerance range. These tolerance ranges are
determined by an optimum characteristic value of the
load to be transmitted through the cushion pin, for
example, an optimum waveform of the load, or an opti-
mum peak value, an optimum average value, an opti-
mum oscillation frequency or an optimum damping
coefficient of the load. These optimum waveform and
values are determined depending upon the desired
blank holding force, so as to to permit the blank to be
drawn into a product having a desired quality. Thus, the
predetermined condition may be the tolerance range of
the selected characteristic value of the cushion pin load
or the tolerance range of a variation of the characteristic
pin load values of all the cushion pins. In the former
case, the same tolerance range may be used for all of
the cushion pins, or different tolerance ranges may be
used for the individual cushion pins, respectively.

The object indicated above may also be achieved
according to a second aspect of the present invention,
which provides a method of pressing a blank in a press-
ing system including (a) a die and a punch cooperating
to perform a drawing operation on the blank to draw the
blank along a forming surface of the punch, (b) a cush-
ion platen, (c) a plurality of fluid-actuated balancing cyl-
inders disposed on the cushion platen and having
respective pressure chambers communicating with
each other, (d) a resistance applying means for applying
a resistance to a movement of the cushion platen, (e) a
pressure ring cooperating with the die to hold the blank
at a peripheral portion thereof during the drawing oper-
ation, and (f) a plurality of cushion pins interposed in
parallel with each other between the pressure ring and
the balancing cylinders, respectively, for transmitting a
blank holding force based on the resistance to the pres-
sure ring, wherein the drawing operation is performed
when the pressure ring and the die are moved relative to
the punch in a pressing direction against the resistance,
the method comprising the steps of: detecting a load
which is transmitted to the pressure ring through each of
the cushion pins during the drawing operation; and
determining that the blank holding force is evenly dis-
tributed to the pressure ring through the cushion pins, if
at least one predetermined characteristic value of the
detected load transmitted through each cushion pin sat-
isfies a predetermined condition.

The present pressing method according to the sec-
ond aspect of this invention is applicable to a pressing
system equipped with the fluid-actuated balancing cylin-
ders disposed between the cushion platen and the
cushion pins. In the present method, a determination is
made as to whether the blank holding force is evenly
distributed to the pressure ring through all of the cush-
ion pins. This method provides substantially the same
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advantages as the method according to the first aspect
of the invention.

In one preferred form of the method according to
the second aspect of the invention, the predetermined
characteristic value of the detected load consists of a
predetermined load value or an oscillation frequency of
a waveform of the detected load. In this case, the blank
holding force is determined to be evenly distributed to
the pressure ring through the cushion pins with the pis-
tons of all of the balancing cylinders being placed at
neutral positions between upper and lower stroke ends
thereof, if the predetermined load value or the oscilla-
tion frequency is held within a predetermined tolerance
range, for all of the plurality of cushion pins.

In one advantageous arrangement of the above
preferred form of the invention, the pressing method fur-
ther comprises the steps of: determining that at least
one of the pistons of the balancing cylinders has been
moved to the lower stroke end during the drawing oper-
ation, if the predetermined load value or the oscillation
frequency is larger than an upper limit of the predeter-
mined tolerance range, for at least one of the cushion
pins; and determining that at least one of the pistons of
the balancing cylinders remains at the upper stroke end
during the drawing operation, if the predetermined load
value or the oscillation frequency is smaller than a lower
limit of the predetermined tolerance range, for at least
one of the cushion pins.

If the piston of a certain fluid-actuated balancing
cylinder is bottomed or moved to its lower stroke end
during the drawing operation, the load transmitied
through the corresponding cushion pin tends to be
larger than when the piston is held at its neutral position
between the upper and lower stroke ends. Conversely, if
the piston of the balancing cylinder remains at its upper
stroke end during the drawing operation, the load of the
corresponding cushion pin tends to be smaller than
when the piston is held at its neutral position. Further,
the piston of the balancing cylinder is moved down to its
lower stroke end, the oscillation frequency of the corre-
sponding cushion pin load tends to be higher than when
the piston is held at its neutral position (than the fre-
quency of pressure oscillation of the fluid in the balanc-
ing cylinder). If the piston remains at its upper stroke
end, the oscillation frequency tends to be lower than
when the piston is held at its neutral position, because
the load transmitted through the cushion pin is almost
zero or comparatively small and the cushion pin load
has substantially no oscillation. In view of this fact, the
blank holding force can be determined to be evenly dis-
tributed through the cushion pins (with the pistons of all
the balancing cylinders being placed at their neutral
positions), if the characteristic load values or oscillation
frequencies of the load detected for all of the cushion
pins are held within the predetermined tolerance range.
If the characteristic load value or oscillation frequency of
the detected load of any one of the cushion pins is
larger than the upper limit of the tolerance range, the
piston of the corresponding balancing cylinder can be
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determined to have been moved to its lower stroke end.
If the characteristic load value or oscillation frequency of
the detected load of any one of the cushion pins is
smaller than the lower limit of the tolerance range, the
piston of the corresponding balancing cylinder can be
determined to remain at its upper stroke end. In the lat-
ter two cases, the pressure of the fluid in the balancing
cylinders may be adjusted so as to permit the pistons of
all the balancing cylinders to be placed in the neutral
positions during the drawing operation, so that the blank
holding force can be evenly distributed to the pressure
ring through all of the balancing cylinders and all of the
cushion pins. Where the piston of the balancing cylinder
is moved to the lower stroke end, the pressure of the
fluid is increased. Where the piston remains at its upper
stroke end, the pressure of the fluid is lowered.

According to another preferred form of the second
aspect of this invention, the above-indicated at least one
predetermined characteristic value consists of at least
one of a peak value, an average value and an oscillation
frequency of a waveform of the load detected during the
drawing operation by one movement of the die and the
punch relative to each other in the pressing direction.

In the above preferred form of the pressing method,
the determination as to whether the blank holding force
is evenly distributed to the pressure ring through the
cushion pins is effected depending upon whether the
selected load value or oscillation frequency of the
detected load transmitted through each of the cushion
pins is held within the predetermined tolerance range or
not. Accordingly, the present method is effective to not
only establish the even distribution of the blank holding
force, but also permit the drawing operation to be per-
formed such that the load value or oscillation frequency
of the load of each cushion pin is held within the toler-
ance range, whereby the product manufactured by
pressing has consistently high quality.

The oscillation frequency of the detected cushion
pin load is a reciprocal of the oscillation period of the
waveform of the detected load. Therefore, the oscillation
period may be used in place of the oscillation frequency,
to determine whether the pistons are placed in the neu-
tral position, or moved to the lower stroke ends or
remain at its upper stroke ends. The method using the
oscillation period provides substantially the same
advantages as the method using the oscillation fre-
quency.

According to a further preferred form of the second
aspect of this invention, the above-indicated at least one
predetermined characteristic value of the detected load
transmitted through each cushion pin includes at least
one of a peak value, an average value and an oscillation
frequency of the waveform of the load detected during
the drawing operation by one movement of the die and
the punch relative to each other in the pressing direc-
tion.

The peak value, average value and oscillation fre-
quency of the detected cushion pin load can be compar-
atively easily obtained on the basis of the waveform of
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the detected load, and can be recognized as numerical
values. The use of the numerical characteristic values
permits easier and more accurate diagnosis of the
pressing system for adequate holding of the blank or
even distribution of the blank holding force, than the use
of the pin load waveform itself, which requires a memory
of a relatively large capacity to store data representative
of the pin load waveform.

The object indicated above may also be achieved
according to a third aspect of this invention, which pro-
vides a pressing system including (a) a die and a punch
cooperating to perform a drawing operation on a blank
to draw the blank along a forming surface of the punch,
(b) a cushion platen, (c) a resistance applying means for
applying a resistance to a movement of the cushion
platen, (d) a pressure ring cooperating with the die to
hold the blank at a peripheral portion thereof during the
drawing operation, and (&) a plurality of cushion pins
interposed in parallel with each other between the cush-
ion platen and the pressure ring, for transmitting a blank
holding force based on the resistance to the pressure
ring, wherein the drawing operation is performed when
the pressure ring and the die are moved relative to the
punch in a pressing direction against the resistance, the
pressing system comprising: load detecting means for
detecting a load which is transmitted to the pressure
ring through each of the cushion pins during the drawing
operation; reference data memory means for storing
data representative of a predetermined condition which
is satisfied by at least one predetermined characteristic
value of the detected load transmitted through each
cushion pin if the blank is adequately held by the blank
holding force; and diagnostic means for determining
whether the blank is adequately held by the blank hold-
ing force, depending upon whether the at least one pre-
determined characteristic value of the detected load
satisfies the predetermined condition.

The present pressing system constructed accord-
ing to the third aspect of this invention is suitable to
practice the pressing method according to the first
aspect to the invention. To practice the method, the load
which is transmitted to the pressure ring through each
cushion pin is detected by the load detecting means.
The diagnostic means determines whether the blank is
adequately held by the blank holding force, depending
upon whether at least one characteristic value of the
detected load satisfies a predetermined condition the
data of which are stored in the reference data memory.
The present pressing system provides substantially the
same advantages as the pressing method according to
the first aspect of the invention.

The object indicated above may also be achieved
according to a fourth aspect of the present invention,
which provides a load detecting device used with the
pressing system constructed according to the above-
described third aspect of the invention, for detecting the
load transmitted to the pressure ring through each of the
cushion pins, wherein the cushion platen is moved
down against the resistance while maintaining a sub-
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stantially horizontal attitude, and the punch is fixedly
positioned on a bolster disposed above the cushion
platen, the plurality of cushion pins extending through
through-holes formed through the bolster and the punch
such that the cushion pins are supported at lower ends
thereof by the cushion platen and support at upper ends
thereof the pressure ring, the load detecting device
comprising: a load detecting block interposed between
the bolster and the punch and having through-holes
through which the cushion pins extend; and load sens-
ing pins disposed in series on the upper ends of the
cushion pins, respectively, and having a length substan-
tially equal to a height dimension of the load detecting
block, each of the load sensing pins having a load sen-
sor attached thereto for detecting a load acting thereon,
as the load which is transmitted to the pressure ring
through each cushion pin.

The present load detecting device constructed
according to the fourth aspect of the invention is suitably
used to practice the pressing method according to the
first aspect of the invention, more specifically, to detect
the load which is transmitted to the pressure ring
through each cushion pin. In this load detecting device,
the load detecting block is interposed between the bol-
ster and the punch, and the load sensing pins are dis-
posed in series on the upper ends of the cushion pins,
respectively. The length of each load sensing pin is sub-
stantially equal to the height dimension of the load
detecting block. Each load sensing pin has a load sen-
sor attached thereto for detecting a load acting thereon
during the drawing operation, as the load transmitted to
the pressure ring through the cushion pin. The load
detecting device is easily installed on the pressing sys-
tem, together with a die set. That is, when a drawing
operation is performed with a new die set, the load
detecting block is mounted on the bolster, and the cush-
ion pins with the load sensing pins attached thereto are
installed so as to extend through the through-holes
formed through the bolster and punch. Therefore, the
present load detecting device can be readily installed on
a conventional press, such that the load detecting block
is disposed on the bolster while the cushion pins with
the load sensing pins attached thereto are installed in
place of the conventional cushion pins. Thus, the con-
ventional press can be easily and economically
equipped with the present load detecting device without
a significant structural modification.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and optional objects, features, advan-
tages and technical and industrial significance of the
present invention will be better understood by reading
the following detailed description of a presently pre-
ferred embodiment of the intention, when considered in
connection with the accompanying drawings, in which:
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Fig. 1 is a schematic view illustrating a pressing
system constructed according to one embodiment
of the present invention;

Fig. 2 is a block diagram illustrating a control
arrangement provided in the pressing system of
Fig. 1;

Fig. 3 is a view showing a display and panel pro-
vided in the control arrangement of Fig. 2;

Fig. 4 is a view for explaining a waveform of a load
acting on a cushion pin in the pressing system of
Fig. 1;

Fig. 5 is a block diagram indicating various func-
tional portions of a controller of the pressing system
of Fig. 1, which are adapted to adjust the pressure
in balancing hydraulic cylinders for even distribution
of a blank holding force to a pressure ring in the
pressing system of Fig. 1, by effecting an on-line
diagnosis for the even distribution of the blank hold-
ing force during a drawing operation on the blank;
Fig. 6 is a flow chart illustrating a diagnostic and
hydraulic pressure adjusting routine executed by
the functional portions of Fig. 5;

Fig. 7 is a block diagram indicating various func-
tional portions of the controller of the pressing sys-
tem, which are adapted to effect a diagnostic
routine for detecting an optimum range of an initial
blank holding force within which the blank holding
force is evenly distributed; and

Fig. 8 is a flow chart illustrating the diagnostic rou-
tine to be executed by the functional portions of Fig.
7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring first to Fig. 1, there is shown a press hav-
ing a base 16, a press carrier 14 mounted on the base
16, and a bolster 12 disposed on the press carrier 14
such that the bolster 12 extends in a substantially hori-
zontal direction. A punch 10 is attached to the bolster
12, while a die 18 is carried by a slide plate 20 which is
vertically reciprocated by a suitable drive mechanism.
The bolster 12 has a multiplicity of through-holes 24
formed through its thickness in a suitable matrix pattern,
so that cushion pins 22 extend through the through-
holes 24, respectively. Below the bolster 12, there is dis-
posed a cushion platen 26 supporting the cushion pins
22, such that the cushion platen 26 has a substantially
horizontal attitude. The cushion pins 22 support at their
upper ends a pressure ring 28 which is disposed adja-
cent to the punch 10. The positions and the number of
the cushion pins 22 are suitably determined depending
upon the size and shape of the pressure ring 28. The
punch 10 includes a base portion having a plurality of
through-holes corresponding to the cushion pins 22
installed extending through the selected through-holes
24 of the bolster 12. The cushion pins 22 extend also
through the through-holes of the punch 10. The cushion
platen 26 is provided with a muiltiplicity of balancing
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hydraulic cylinders 30 corresponding to the multiple
through-holes 24. The hydraulic cylinders 30 have
respective pistons and piston rods. The cushion pins 22
are installed such that the lower end faces are held in
abutting contact with the upper end faces of the piston
rods of the hydraulic cylinders 30, respectively. The
hydraulic cylinders 30 function as fluid-actuated balanc-
ing cylinders for even distribution of a blank holding
force to the pressure ring 28 through the cushion pins
22,

The cushion platen 26 is disposed within the press
carrier 14 indicated above, such that the cushion platen
26 is movable in the vertical direction and biased
upwards by resistance applying means in the form of a
cushioning pneumatic cylinder 32. The pressure cham-
ber of the pneumatic cylinder 32 communicates with an
air tank 34 to which compressed air is supplied from a
pneumatic air source 36 through a pneumatic pressure
control circuit 38. To the air tank 34, there are connected
a shut-off valve 37 and a pneumatic pressure sensor 39.
Pneumatic pressure Pa in the air tank 34 and the pneu-
matic cylinder 32 is regulated by the pneumatic pres-
sure control circuit 38 and shut-off valve 37, depending
upon a desired value of the blank holding force acting
on the pressure ring 28, as described below in detail.
When the die 18 is moved down with the slide plate 20,
a blank 40 is gripped at its peripheral portion by and
between the die 18 and the pressure ring 28, by the
blank holding force based a biasing force of the cush-
ioning pneumatic cylinder 32, that is, based on the
pneumatic pressure Pa in the pneumatic cylinder 32.
When the die 18 and the pressure ring 28 are further
lowered against the biasing force of the pneumatic cyl-
inder 32, the die 18 and the punch 10 cooperate to per-
form a drawing operation on the blank 40, so as to draw
the blank 40 along the forming surface of the punch 10.
The biasing force of the cushioning pneumatic cylinder
32 provides a resistance to the downward movement of
the cushion platen 26, whereby the blank holding force
is generated.

The balancing hydraulic cylinders 30 have respec-
tive pressure chambers communicating with each other
through a conduit 46 which is connected to a conduit S0
through a flexible tube 48. The conduit 50 is connected
to a pneumatically driven hydraulic pump 52, which is
adapted to pressurize the working oil pumped up from a
reservoir 54, so that the pressurized oil delivered by the
pump 52 is supplied to the pressure chambers of the
hydraulic cylinders 30 through a check valve 56 pro-
vided in the conduit 50. To the conduit 50, there is con-
nected a hydraulic pressure control circuit 58 which
incorporates a pressure relief valve. The hydraulic
pump 52 and the hydraulic pressure control circuit 58
are controlled so that hydraulic pressure Ps in the con-
duit 50 and the hydraulic cylinders 30 is regulated such
that the pistons of all of the hydraulic cylinders 30 asso-
ciated with the cushion pins 22 installed are held in their
neutral positions during the drawing operation per-
formed on the blank 40. Namely, the hydraulic pressure
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Ps is regulated so that the blank holding force gener-
ated based on the pneumatic pressure Pa is evenly dis-
fributed to the pressure ring 28 (and the blank 40)
through the individual cushion pins 22. The hydraulic
pressure Ps is detected by a hydraulic pressure sensor
60 connected to the conduit 46.

In the present pressing system, there is provided a
load detecting device 100 adapted to detect a load Fp
which acts on each cushion pin 22 or which is transmit-
ted through each cushion pin 22 to the pressure ring 28.
The load Fp will be referred to as "pin load Fp" where
appropriate. The load detecting device 100 includes a
load detecting block 102 fixedly disposed on the bolster
12 described above, and load sensing pins 104 which
are disposed in series with the corresponding cushion
pins 22. The punch 10 is disposed on the load detecting
block 102. Like the bolster 12, the load detecting block
102 has a multiplicity of through-holes 106 which are
aligned with the multiple through-holes 24, respectively,
and which are formed in a matrix pattern corresponding
to that of the through-holes 24. The desired number of
the cushion pins 22 are installed so as to extend
through the selected ones of the through-holes 24 and
the corresponding through-holes 106, depending upon
the size and shape of the punch 10 and pressure ring
28, which cooperate with the die 18 to constitute a die
set. The press having the bolster 12 and the load
detecting block 102 is adapted to receive different kinds
of die sets depending upon the product to be manufac-
tured by pressing, and the cushion pins 22 are installed
at selected positions extending through the selected
through-holes 24, 106, depending upon the specific die
set used. In the present embodiment, the through-holes
106 are provided corresponding to the through-holes
24, and each through-hole 106 permits only one of the
cushion pins 22 to extend therethrough. However, the
load detecting block 102 may have through-holes each
of which permits two or more cushion pins 22 to extend
therethrough.

Each of the load detecting pins 104 is fixed, by suit-
able fixing means such as a screw, to the upper end
portion of the corresponding cushion pin 22. The pins
104, which are provided for all of the cushion pins 22
installed on the press, have respective load sensors 108
in the form of strain gages. Each load detecting pin 104
has a length substantially equal to the height or thick-
ness dimension of the load detecting block 102, so that
the relative height position of the punch 10 and the pres-
sure ring 28 after the load detecting device 100 is
installed on the press remains unchanged with respect
to that before the installation of the load detecting
device 100. Thus, the load detecting device 100
installed on the press does not have an influence on the
drawing operation to be performed on the blank 40. The
individual load sensing pins 104 are given respective
identification numbers which are used when the pin load
values Fp are detected by the corresponding load sen-
sors 108. These identification numbers may be used to
identify the corresponding load sensors 108 and the
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cushion pins 22 to which the respective load sensing
pins 104 are fixed.

The hydraulic pressure Ps and the pneumatic pres-
sure Pa are controlled by a control unit 62 shown in Fig.
2. The control unit 62 is adapted to receive output sig-
nals of the pneumatic pressure sensor 39, hydraulic
pressure sensor 60 and load sensors 108 through
respective amplifiers. The control unit 62 includes a
microcomputer incorporating a central processing unit
(CPU), a random-access memory (RAM) and a read-
only memory (ROM). The microcomputer operates to
perform signal processing operations according to con-
trol programs stored in the ROM, so as to regulate the
pneumatic and hydraulic pressures Pa, Ps, effect an on-
line diagnosis or a diagnosis and an adjustment for
establishing even distribution of the blank holding force,
as described below. To the control unit 62, there are
connected a display and control panel 68, a TEST
PRESS switch 67 and a slide position sensor 69. The
TEST PRESS switch 67 is provided at a suitable posi-
tion on the press, and generates a TEST PRESS signal
SS when the switch 67 is turned on by the operator of
the press. The slide position sensor 69 is provided to
detect the position of the slide plate 20 and generates a
SLIDE POSITION signal SD indicative of the position of
the slide plate 20 during a drawing cycle. The control
unit 62 receives the TEST PRESS signal SS and the
STROKE signal SD. The display and control panel 68
has various operator's control switches and displays
such as indicators 70 and 71 for indicating the hydraulic
and pneumatic pressures Ps, Pa.

The RAM of the control unit 62 stores machine
information indicative of the specifications of the press,
such as a weight Wa of the cushion platen 26, an aver-
age weight Wp of the cushion pins 22, a pressure-
receiving area Aa of the cushioning pneumatic cylinder
32, and a pressure-receiving area As of each balancing
hydraulic cylinder 30. On the other hand, an ID card 66
attached to the punch 10 as shown in Fig. 1 stores die
set information such as a weight of the pressure ring 28,
the number "n" of the cushion pins 22 installed, an opti-
mum blank holding force Fso, an optimum value
Fpmaxo of a maximum peak value Fpmax of the pin
load Fp, an optimum value Fpavo of an average of the
pin load Fpav, and an optimum oscillation frequency wo
of the waveform of the pin load Fp. The optimum blank
holding force Fso is an optimum value of the blank hold-
ing force Fs which assures a desired quality of the prod-
uct manufactured by a drawing operation on the blank
40. The control unit 62 receives the die set information
from the ID card 66 through a transceiver 64 as shown
in Fig. 2. The ID card 66 has a data memory for storing
the die set information, and has a function of transmit-
ting the die set information to the control unit 62 through
the transceiver 64 in response to an appropriate signal
received from the transceiver 64, and a function of
rewriting the die set information in response to an
appropriate signal also received from the transceiver
64.
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The pin load Fp oscillates or vibrates as indicated in
the graph of Fig. 4, due to an oscillatory variation in the
hydraulic pressure Ps in the balancing hydraulic cylin-
ders 30. The maximum peak value Fpmax of the pin
load Fp is the highest one of the peak values of the
waveform of the pin load Fp, as indicated in the graph
wherein the maximum peak value Fpmax occurs at a
position ST1 of the slide plate 20. In the graph, ST2 rep-
resents the lower stroke end of the slide plate 20. The
average pin load value Fpav is an average of the pin
load Fp during a time period between the moments
when the press slide 20 reaches the positions ST1 and
ST2 during its downward movement. The oscillation fre-
quency @ is a reciprocal of an oscillation period T of the
pin load Fp. The optimum blank holding force Fso, opti-
mum average pin load value Fpavo and optimum oscil-
lation frequency @wo are values obtained when the
product manufactured by a drawing operation on the
blank 40 has a desired quality, that is, when the pistons
of all of the balancing hydraulic cylinders 30 associated
with the installed cushion pins 22 are placed in their
neutral positions during the drawing operation on the
blank 40. The average pin load value Fpav may be an
average of all maximal and minimal values during the
time period between the moments corresponding to the
slide positions ST1 and ST2. However, the average pin
load value Fpav is preferably obtained by integrating the
pin load value Fp. The oscillation frequency @ is held
substantially constant throughout the entire operating
stroke of the slide plate 20, and may be obtained on the
basis of a time interval (oscillation period T) between
adjacent maximal values of the pin load value Fp. The
maximum peak value Fpmax, average pin load value
Fpav and oscillation frequency ® vary depending upon
whether the pistons of the balancing hydraulic cylinders
30 associated with the installed cushion pins 22 are
placed in their neutral positions or not. If the pistons
remain at their upper stroke ends, the values Fpmax,
Fpav and ® tend to be smaller than when the pistons
are placed in their neutral positions. If the pistons are
bottomed or moved down to their lower stroke ends, the
values Fpmax, Fpav and o tend to be larger than when
the pistons are placed in their neutral positions.

The optimum maximum peak value Fpmaxo, opti-
mum average value Fpavo and optimum oscillation fre-
quency wo of the pin load Fp for each die set are
predetermined for each of the individual presses. How-
ever, the optimum average value Fpavo may be the
same for the different presses, since the value Fpavo is
not influenced by a variation in the machine specifica-
tions of the presses. In the present embodiment
wherein provisions are made for permitting the pistons
of all the hydraulic cylinders 30 to be placed in the neu-
tral positions, the individual cushion pins 22 do not have
a considerably large variation or difference in the char-
acteristics of their load value Fp. Therefore, the same
set of values Fpmaxo, Fpavo and o is used for all of
the cushion pins 22. However, different sets of values
Fpmaxo, Fpavo and oo are set for the individual cushion
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pins 22, respectively. For example, the press may be
adapted such that some of the pistons of the hydraulic
cylinders 30 are bottomed to establish the minimum dis-
tance between the cushion platen 26 and the pressure
ring 28, with suitable spacers being interposed between
the cushion platen 26 and the pressure ring 28, so that
the pistons of the other hydraulic cylinders 30 are
placed in their neutral positions. In this case, the values
Fpmaxo, Fpavo and o are desirably set for each of the
cushion pins 22 corresponding to the bottomed pistons
of the hydraulic cylinders 30. If the press is not provided
with the hydraulic cylinders 30, the values Fpmaxo,
Fpavo and @0 are desirably set for each of the cushion
pins 22, since the individual cushion pins 33 have a
large variation in the characteristics of the load value
Fp.

There will be described the on-line diagnosis
effected under the control of the control unit 62. The
optimum value of the pneumatic pressure Pa in the
cushioning pneumatic cylinder 32 is calculated accord-
ing to the following equation (2), so as to establish the
optimum blank holding force Fso:

Pa = (Fso + Wa + n « Wp + Wr)/Aa (2

The pneumatic pressure Pa is regulated by control-
ling the pneumatic pressure control circuit 38 and the
shut-off valve 37. As explained above, the weights Wa,
Wp and the pressure-receiving area Aa are stored as
part of the machine information in the ROM of the con-
trol unit 62, while the weight Wr, number n and optimum
blank holding force Fso are sent from the ID card 66 to
the control unit 62 as part of the die set information. An
initial value Pso of the hydraulic pressure Pso may be
determined according to the equation (1) indicated
above, or by performing test drawing operations, and
established by controlling the hydraulic pump 52 and
hydraulic pressure control circuit 58, so that the pistons
of all of the hydraulic cylinders 20 associated with the
installed cushion pins 22 are placed in their neutral posi-
tions for permitting even distribution of the blank holding
force Fs to the pressure ring 28 through the cushion
pins 22. Alternatively, the initial hydraulic pressure Pso
may be established in a manner similar to the manner in
which the on-line diagnosis is effected as described
below.

The functional block diagram of Fig. 5 shows the
functional portions of the control unit 62 which are oper-
ated when the on-line diagnostic and hydraulic pressure
adjusting routine illustrated in the flow chart of Fig. 6 is
executed. In this diagnostic, steps S1-S3 are imple-
mented by a data storing portion 114 of the control unit
62. The routine is initiated with step S1 to determine
whether the position of the slide plate 20 represented by
the SLIDE POSITION signal SD is the upper stroke end
of the slide plate 20. If an affirmative decision (YES) is
obtained in step S1, namely, when the SLIDE POSI-
TION signal SD indicates that the slide plate 20 is
placed at its upper stroke end, the control flow goes to
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step S2 to read the output signals of all the load sensors
108 representative of load values Fp of the correspond-
ing cushion pins 22, as the slide plate 20 is lowered
down to the lower stroke end. The load values Fp repre-
sented by the output signals of the load sensors 108 are
stored in a data memory 116 of the control unit 62, in
relation to the position of the slide plate 20 in its operat-
ing stroke. The analog output signals of the load sen-
sors 108 are converted by an A/D converter 112 into
digital signals, which are received by the data storing
portion 114 and stored into the data memory 116 by the
data storing portion 114. Step S2 is followed by step S3
to determine whether the slide plate 20 has reached its
lower stroke end. Steps S2 and S3 are repeatedly
implemented until an affirmative decision (YES) is
obtained in step S3. Thus, the detected load values Fp
at different positions of the slide plate 20 between the
upper and lower stroke ends are stored in the data
memory 116. It will be understood that steps S1-S3 are
provided to detect the load Fp which is transmitted
through each cushion pin 22, and that the data storing
portion 114 and the load detecting device 100 cooper-
ate to constitute load detecting means for detecting the
load values Fp of the cushion pins 22. The slide position
sensor 74 is adapted to detect at least the upper and
lower stroke ends of the slide plate 20. The slide posi-
tion sensor 74 may be an absolute type rotary encoder
for detecting the angular position of a crankshaft used in
the drive mechanism for reciprocating the slide plate 20.

When the affirmative decision (YES) is obtained in
step S3, the control flow goes to step S4 in which a
characteristic calculating portion 118 of the control unit
62 shown in Fig. 5 calculates characteristic values of
the load values Fp of all of the cushion pins 22, namely,
the maximum peak value Fpmax, average value Fpav
and oscillation frequency w of the load Fp of each cush-
ion pin 22, on the basis of the load values Fp stored in
the data memory 116. Step S4 is followed by steps S5-
88 which are implemented by a diagnostic portion 120
of the control unit 62 shown in Fig. 5, to determine
whether the blank holding force Fs is evenly distributed
to the pressure ring 28 through the cushion pins 22, and
also determine, where appropriate, whether the piston
of the hydraulic cylinder 30 corresponding to any cush-
ion pin 22 is bottomed or not. Described more specifi-
cally, step S5 is implemented to determine whether the
maximum peak value Fpmax, average value Fpav and
oscillation frequency o stored in the data memory 116
are held within respective tolerance ranges which are
determined on the basis of the optimum values Fpmaxo,
Fpavo and wo received from the ID card 66. Data repre-
sentative of the tolerance ranges are stored in a refer-
ence data memory 122 of the control unit 62. If the
values Fpmax, Fpav, o for all of the cushion pins 22 are
all held within the respective tolerance ranges, the diag-
nostic portion 120 determines that the blank holding
force Fs is evenly distributed to the pressure ring 28
through the cushion pins 22. In this case, the control
flow goes to step S6 to provide an indication of the even
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distribution of the blank holding force Fs. If any of the
values Fpmax, Fpav, o for any of the cushion pins 22 is
not held within the tolerance range, the diagnostic por-
tion 120 determines that the blank holding force Fs is
not evenly distributed. In this case, the control flow goes
to step S7 to provide an indication of uneven distribution
of the blank holding force Fs. Steps S6 and S7 are
implemented by a display control portion 126 of the con-
trol unit 62 shown in Fig. 5, which is adapted to activate
one of two indicator lights 82, 84 on the display and con-
trol panel 68 of Fig. 3, for indicating that the distribution
of the blank holding force Fs is normal or abnormal.

Step S7 is followed by step S8 to determine
whether the piston of the hydraulic cylinder 30 for each
cushion pin 22 for which any of the values Fpmax, Fpav
and o has not been found in step S5 to be held within
the tolerance range is bottomed (moved down to its
lower stroke end). This determination is made by deter-
mining whether the values Fpmax, Fpav, o are larger or
higher than the upper limits of the respective tolerance
ranges. If an affirmative decision (YES) is obtained in
step S8, it means that the piston of the hydraulic cylin-
der 30 corresponding to the cushion pin 22 in question
is bottomed. In this case, the control flow goes to step
39 to increase the initial hydraulic pressure Ps of the
hydraulic cylinder 30 by a predetermined amount «. If a
negative decision (NO) is obtained in step S8, it means
that the piston of the corresponding hydraulic cylinder
30 remains at its upper stroke end. In this case, the con-
trol flow goes to step S10 to reduce the initial hydraulic
pressure Pso by a predetermined amount B. If the blank
holding force Fs is constant, that is, if the pneumatic
pressure Pa of the cushioning pneumatic cylinder 32 is
constant, an increase in the initial hydraulic pressure
Pso will cause an increase in a hydraulic pressure Psx
which is generated in the hydraulic cylinder 30 during a
drawing operation on the blank 40, whereby the operat-
ing stroke of the piston of the hydraulic cylinder 30 dur-
ing the drawing operation is accordingly reduced, so
that the bottoming of the piston is eliminated. On the
other hand, a decrease in the initial hydraulic pressure
Pso will cause a decrease in the hydraulic pressure
Psx, whereby the operating stroke of the piston of the
hydraulic cylinder 30 is increased, so that the piston is
moved down from the upper stroke end to the neutral
position. Steps S9 and S10 are implemented by a
hydraulic pressure control portion 124 of the control unit
62 shown in Fig. 5, which controls the hydraulic pump
52 and the hydraulic pressure control circuit 58 so as to
adjust the initial hydraulic pressure Pso. As a result of
the diagnostic and hydraulic pressure adjusting routine
of Fig. 6, the initial hydraulic pressure Pso is regulated
so that the blank holding force Fs is evenly distributed to
the pressure ring 28 through all of the cushion pins 22
installed, so as to assure the intended quality of the
product manufactured by the drawing operation on the
blank 40.

The routine of Fig. 5 may be formulated so as to
activate the display and control panel 68 to indicate the
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cushion pin or pins 22 for which the negative decision
(NO) is obtained in step S5 for more than a predeter-
mined number of times. More specifically, the panel 68
is adapted to indicate the identification number or posi-
tion of the corresponding load sensing pin or pins 104.
Similar indication may be provided on the panel 68
where the initial hydraulic pressure Pso deviates from a
predetermined permissible range as a result of the
adjustment in steps S9 and S10.

In the routine of Fig. 6 according to the present
embodiment, the tolerance ranges of the maximum
peak value Fpmax, average value Fpav and oscillation
frequency o of the pin load Fp for each cushion pin 22
are determined on the basis of the optimum values
Fpmaxo, Fpavo and wo which are received from the ID
card 66 as part of the die set information received from
the ID card 66. These tolerance ranges are used to
determine whether the blank 40 is adequately held by
the blank holding force Fs, more specifically, whether
the blank holding force Fs is evenly distributed to the
pressure ring 28 through the cushion pins 22. Thus, it
will be understood that the tolerance ranges are used as
a predetermined condition that should be satisfied when
the blank 40 is adequately held by the blank holding
force Fs. It will also be understood that the reference
data memory 122 functions as reference data memory
means for storing data representative of the predeter-
mined condition which is satisfied by the characteristic
values of the pin load Fp if the blank 40 is adequately
held. The tolerance ranges indicated above may be
determined on the basis of the optimum values Fpmaxo,
Fpavo and @o, depending upon various factors which
may cause dimensional, positional and other errors or
variations, and depending upon the desired quality of
the product. For instance, the upper and lower limits of
the tolerances ranges may be determined by adding a
suitable value to the optimum values Fpmaxo, Fpav and
@0 and subtracting a suitable value from the optimum
values, or by multiplying the optimum values by suitable
ratio values. Steps S5 and S8 are provided as a step of
determining whether the blank 40 is adequately held by
the blank holding force, depending upon whether the
detected characteristic values of the load transmitted
through each cushion pin 22 satisfy the predetermined
condition. The diagnostic portion 20 functions as diag-
nostic means for determining whether the blank 40 is
adequately held, depending upon whether the detected
characteristic values satisfy the predetermined condi-
tion.

As shown in Fig. 3, the display and control panel 68
has three indicators 85-87 for indicating average values
of the maximum peak value Fpmax, average value Fpav
and oscillation frequency m of the loads of all the cush-
ion pins 22. The display and control panel 68 may have
suitable pushbuttons or switches for using these aver-
age values as the optimum values Fpmaxo, Fpav and
o used in the routine of Fig. 6, or for storing these aver-
age values in the ID card 66 in place of the correspond-
ing values already stored therein. In this case, the
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average values of the values Fpmax, Fpav, o obtained
in a test or try pressing operation in which the blank 40
is drawn into the product having the desired quality may
be used as the optimum values Fpmaxo, Fpavo, @o
stored in the ID card 66.

There will be described an operation of the control
unit 62 for effecting a diagnosis for detecting an opti-
mum range of the blank holding force Fs within which
the blank holding force Fs is evenly distributed. The
block diagram of Fig. 7 shows the functional portions of
the control unit 62 which are operated when a diagnos-
tic routine illustrated in the flow chart of Fig. 8 is exe-
cuted. This routine is initiated with step Q1 to determine
whether an AUTO-MAN selector switch 72 is placed in
an AUTO position. If an affirmative decision (YES) is
obtained in step Q1, the control flow goes to step Q2 to
determine whether a SETUP pushbutton is depressed.
When the selector switch 72 is placed in the AUTO posi-
tion and the SETUP pushbutton 74 is depressed, the
control flow goes to step Q3 in which an initial blank
holding force Fsn is set at one of ten predetermined val-
ues (Fs1 through Fs10). The initial blank holding force
Fsn is decremented from the largest value to the small-
est value each time step Q3 is implemented. The initial
blank holding force Fsn is the blank holding force Fs
when the die 18 has just been brought into abutting con-
tact with the blank 40 placed on the pressure ring 28,
that is, the blank holding force Fs before the volume of
the cushioning pneumatic cylinder 32 begins to be
reduced. In the present embodiment, the initial blank
holding force Fsn is decremented from the largest value
Fs1 of 200 tons down to the smallest value Fs20 of 20
tons, in decrements of 20 tons. These initial blank hold-
ing values Fs1-Fs10 are stored in the control unit 62.
Before the routine of Fig. 8 is initiated, the initial hydrau-
lic pressure Pso of the balancing hydraulic cylinders 30
is suitably adjusted by the hydraulic pump 52 and the
hydraulic pressure control circuit 58 according to the
diagnostic and hydraulic pressure adjusting routine of
Fig. 6, as described above.

Step Q3 is followed by step Q4 in which the pneu-
matic pressure Pa is calculated according to the above
equation (2), using the initial blank holding force Fsn
(set in step Q3) as the optimum blank holding force Fso,
and the actual pneumatic pressure Pa is adjusted to the
calculated value Pa. In the first cycle of execution of the
routine, the initial blank holding force Fs1 of 200 tons is
used in the equation (2) to calculate the pneumatic
pressure Pa. Steps Q3 and Q4 are implemented by a
holding force changing portion 128 of the control unit 62
shown in Fig. 7. If a test pressing operation indicates
that the number n of the cushion pins 22 should be
changed, the number n which is used in the equation (2)
is changed through a NUMBER setting switch 75 pro-
vided on the display and control panel 68.

After the pneumatic pressure Pa is adjusted in step
Q4, the control flow goes to step Q5 to turn on a buzzer
in a predetermined sounding pattern, and step Q6 to
determine whether the TEST PRESS switch 67 pro-
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vided on the press has been turned on. When the TEST
PRESS switch 67 is turned on by the operator in
response to the activation of the buzzer, and the TEST
PRESS signal SS described above is applied to the
control unit 62. Then, step Q7 is implemented to turn off
the buzzer. Step Q7 is followed by step Q8 to read the
output signals of all the load sensors 108 representative
of load values Fp of the corresponding cushion pins 22,
as the slide plate 20 is lowered down to the lower stroke
end during the test pressing cycle initiated by operation
of the TEST PRESS switch 67. The load values Fp rep-
resented by the output signals of the load sensors 108
are stored in a data memory 134 of the control unit 62.
Step Q8 is implemented by a data storing portion 130
shown in Fig. 7. The analog output signals of the load
sensors 108 are converted by the A/D converter 112
into digital signals, which are received by the data stor-
ing portion 130 and stored into the data memory 134 by
the data storing portion 130, as indicated in Fig. 7. Step
Q8 is provided to detect the load Fp which is transmitted
through each cushion pin 22, and the data storing por-
tion 130 implementing step Q8 and the load detecting
device 100 cooperate to constitute means for detecting
the load Fp.

Step Q8 is followed by step Q9 in which a charac-
teristic calculating portion 136 of the control unit 62
shown in Fig. 7 calculates characteristic values of the
load values Fp of all of the cushion pins 22, namely, the
maximum peak value Fpmax, average value Fpav and
oscillation frequency o of the load Fp of each cushion
pin 22, on the basis of the load values Fp stored in the
data memory 134. Step Q9 is followed by step Q10
which is implemented by a diagnostic portion 138 of the
control unit 62 shown in Fig. 7, to determine whether the
blank holding force Fs is evenly distributed to the pres-
sure ring 28 through the cushion pins 22. This determi-
nation is effected depending upon whether the
calculated characteristic values Fpmax, Fpav, o satisfy
a predetermined condition. Described more specifically,
step Q10 is implemented to determine whether varia-
tions or differences of the maximum peak value Fpmayx,
average value Fpav and oscillation frequency w of all
the cushion pins 22 are held within respective predeter-
mined tolerance ranges. Data representative of these
tolerance ranges are stored in a reference data memory
140. If the variations of the values Fpmax, Fpav, o of all
of the cushion pins 22 are all held within the respective
tolerance ranges, the diagnostic portion 138 determines
that the blank holding force Fs is evenly distributed to
the pressure ring 28 through the cushion pins 22. In this
case, the pistons of the hydraulic cylinders 30 corre-
sponding to all the cushion pins 22 are placed in the
neutral positions during the test pressing operation, and
the load values Fp of all the cushion pins 22 are sub-
stantially equal to each other. If the piston of any
hydraulic cylinder 30 is bottom or moved down to its
lower stroke end or remains at its upper stroke end, the
characteristic values Fpmax, Fpav, o of the correspond-
ing cushion pin 22 tend to differ from those of the other
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cushion pins 22 to a considerable extent . Therefore, the
determination of the even or uneven distribution of the
blank holding force Fs can be made on the basis of the
variations or differences of the characteristic values of
the load Fp of the cushion pins 22. The diagnostic por-
tion 138 may be adapted to determine whether the
oscillation frequency ® rather than its variation is held
within a predetermined tolerance range, in determining
whether the characteristic values of the pin load Fp sat-
isfy the predetermined condition. The diagnostic portion
138 adapted to implement step Q10 functions as means
for checking whether the blank 40 is adequately held by
the blank holding force Fp, and the reference data mem-
ory 140 functions as memory means for storing data
representative of the predetermined condition which is
used by the diagnostic portion 138 to determine that the
blank 40 is adequately held.

If an affirmative decision (YES) is obtained in step
Q10, the control flow goes to step Q11 to turn on one of
ten indicator lights 78 on the panel 68, which corre-
sponds to the currently established initial blank holding
force Fsn (set in step Q3). Step Q11 is implemented by
a display control portion 142 shown in Fig. 7. Step Q11
is followed by step Q12 to determine whether the initial
blank holding force Fsn which has been established last
in step Q3 is the smallest value Fs20 of 20 tons. Steps
Q3-820 are repeatedly implemented by changing the
initial blank holding force Fsn from 200 tons to 20 tons,
so that the determination in step Q10 is effected for all
of the ten values of the initial blank holding force Fsn.
Since the indicator lights 78 corresponding to the values
of the initial blank holding force Fsn for which the affirm-
ative decision (YES) is obtained in step Q10 are turned
on as indicated by hatching in Fig. 3, the operator is
informed of the optimum range of the initial blank hold-
ing force Fsn within which the blank holding force Fs is
evenly distributed to the pressure ring 28 through all of
the cushion pins 22. The hatching in Fig. 3 indicates an
example of the optimum range of the initial blank hold-
ing force Fsn, which is detected by the test pressing
operation initiated by the TEST PRESS switch 67.

As described above, the diagnostic routine of Fig. 8
permits the operator to detect the optimum range of the
initial blank holding force Fsn within which the blank
holding force Fs is evenly distributed. When a die set
(consisting of the punch 10, die 18 and pressure ring
28) is prepared for producing a desired part, test press-
ing operations are performed by changing the initial
blank holding force Fsn within the detected optimum
range, so as to detect the optimum blank holding force
Fs that assures the desired quality of the part produced
by pressing. Further, the detected optimum range of the
initial blank holding force Fsn can be used to adjust the
blank holding force Fs depending upon the properties of
the blank 40. If the optimum blank holding force Fs can-
not be detected within the detected optimum range of
the initial blank holding force Fsn, the number n of the
cushion pins 22 (number of the balancing hydraulic cyl-
inders 30) or the initial hydraulic pressure Pso is suitably
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22

changed, to change the optimum range of the initial
blank holding force Fsn so that the optimum blank hold-
ing force Fs is found within the changed optimum range
of the initial blank holding force Fsn.

The system constructed according to one embodi-
ment of the present invention described above is
adapted to detect the load Fp which is transmitted
through each cushion pin 22 to the pressure ring 28,
and determine whether the selected characteristics of
the load values Fp of all the cushion pins 22 (more pre-
cisely, maximum peak value Fpmax, average value
Fpav and oscillation frequency o) satisfy a predeter-
mined condition for even distribution of the blank holding
force Fs to the pressure ring 28 through the cushion
pins 22. The detected load Fp accurately represents a
local blank holding force which is actually transmitted to
the pressure ring 28 through each cushion pin 22.
Therefore, the present arrangement permits accurate
diagnosis to determine whether the blank 40 is ade-
quately held with the blank holding force being evenly
distributed through the cushion pins 22, and also per-
mits intricate adjustment of the distribution of the local
blank holding forces through the cushion pins 22.

The on-line diagnostic and hydraulic pressure
adjusting routine of Fig. 6 is adapted to diagnose the
pressing system for even distribution of the blank hold-
ing force Fs, depending upon whether the characteristic
values Fpmax, Fpav and o of the load Fp for all of the
cushion pins 22 are held within the predetermined toler-
ance ranges determined on the basis of the optimum
values Fpmaxo, Fpavo and oo. If any one of these three
characteristic values of the load Fp for any one of the
cushion pins 22 is larger than the upper limit of the cor-
responding tolerance range, the piston of the hydraulic
cylinder 30 associated with the cushion pin 22 in ques-
tion is determined to be bottomed (moved down to its
lower stroke end) during a pressing cycle, and the initial
hydraulic pressure Pso of the corresponding hydraulic
cylinder 30 is increased by a predetermined amount. If
any one of the characteristic values of the load Fp for
any one of the cushion pins 22 is smaller than the lower
limit of the tolerance range, the piston of the corre-
sponding hydraulic cylinder 30 is determined to remain
at its upper stroke end during the pressing cycle, and
the initial hydraulic pressure Pso of that hydraulic cylin-
der 30 is lowered by a predetermined amount. As a
result, the initial hydraulic pressure Pso of the hydraulic
cylinder 30 is automatically adjusted so as to establish
the even distribution of the blank holding force Fs. This
arrangement facilitates the adjustment of the press,
reduces the burden on the operator of the press, and
minimizes the reject ratio of the parts produced by
pressing. It is noted in particular that the present
arrangement not only assures the even distribution of
the blank holding force Fs during a drawing operation on
the blank 40, but also permits the drawing operation to
be performed such that the maximum peak value
Fpmax, average value Fpav and oscillation frequency ®
of the load Fp associated with each of the cushion pins
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22 are held within the predetermined tolerance ranges
which are determined by the optimum values Fpmaxo,
Fpavo and wo that are received from the ID card 66.
Thus, the present arrangement ensures consistently
high quality of the product.

In the preferred form of the on-line diagnostic and
hydraulic pressure adjusting routine of Fig. 6, the con-
trol unit 62 is adapted to activate the display and control
panel 68 for indicating the positions or identification
numbers of the abnormal cushion pins 22 (or the corre-
sponding load sensing pins 104 or load sensors 108) for
which the negative decision (NO) is obtained in step S5
for more than a predetermined number of times, or if the
initial hydraulic pressure Pso becomes higher or lower
than the upper or lower limit of a permissible range as a
result of the adjustment in steps S9, S10 which are
implemented when the negative decision is obtained in
step S5. This preferred arrangement permits the opera-
tor to easily identify the abnormal cushion pins 22 or
hydraulic cylinders 30, and facilitates the inspection,
adjustment and repair of the press, leading to improved
operating efficiency of the pressing system.

On the other hand, the diagnostic routine of Fig. 8 is
adapted to diagnose the pressing system for even distri-
bution of the blank holding force Fs, depending upon
whether the differences or variations of the characteris-
tic values Fpmax, Fpav, o of the load Fp of the cushion
pins 22 are held within respective tolerance ranges, dur-
ing test pressing cycles performed with different values
of the initial blank holding force Fsn. Therefore, the
diagnostic routine of Fig. 8 permits easy and accurate
detection of the optimum range of the initial blank hold-
ing force Fsn within which the blank holding force is
evenly distributed to the pressure ring 28 through the
cushion pins 22.

In the present embodiment, the maximum peak
value Fpmax, average value Fpav and oscillation fre-
quency o of the pin load Fp are used as the character-
istic values of the pin load Fp. These characteristic
values can be comparatively readily obtained from the
waveform of the pin load Fp, and can be recognized as
numerical values. The use of the numerical characteris-
tic values permits easier and more accurate detection of
the optimum range of the initial blank holding force Fsn,
than the use of the pin load waveform itself, which
requires a relatively large capacity of the reference data
memories 122, 140.

In the present embodiment, the load detecting
device 100 is used to detect the load values Fp of all the
cushion pins 100. The load detecting device 100 is eas-
ily installed on a conventional press, together with a die
set. That is, when a new die set is installed on the con-
ventional press, the load sensing block 102 is mounted
on the bolster 12, and the cushion pins 22 with the load
sensing pins 104 attached thereto are installed in place
of the conventional cushion pins. Thus, the conventional
press can be easily and economically equipped with the
present load sensing device without a significant struc-
tural modification.
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While the presently preferred embodiment of the
present invention has been described above in detail by
reference to the accompanying drawings, it is to be
understood that the invention may be otherwise embod-
ied.

In the illustrated embodiment, the load sensors 108
in the form of strain gages for detecting the load Fp
transmitted through the cushion pins 22 are provided on
the load sensing pins 104 which are fixed to the upper
ends of the cushion pins 22 and which extend through
the through-holes formed through the base portion of
the punch 10 mounted on the load sensing block 102.
However, the load sensors such as strain gages and
load cells may be disposed at any other positions in the
path of transmission of the blank holding force from the
cushion platen 26 to the pressure ring 28. For instance,
the load sensors may be disposed on the cushion pins
22 per se, or on the bosses formed on the underside of
the pressure ring 28 for abutting contact with the cush-
ion pins 22. Alternatively, the load sensors may be dis-
posed between the above-indicated bosses and the
cushion pins 22, between the pistons of the hydraulic
cylinders 30 and the cushion pins 22, or between the
hydraulic cylinders 30 and the cushion platen 26.

While the maximum peak value Fpmax, average
value Fpav and oscillation frequency o are used as the
characteristic values of the pin load Fp in the illustrated
embodiment, the other characteristic values such as the
damping coefficient of the pin load Fp may be used in
the routine of Fig. 6 and/or the routine of Fig. 8. The
maximum peak value Fpmax may be replaced by other
peak values (maximal or minimal values), and the aver-
age value Fpav need not be an average between the
moments corresponding to the positions ST1 and ST2
of the slide plate 20.

Although the pressure chambers of all the balanc-
ing hydraulic cylinders 30 communicate with each other,
the hydraulic cylinders 30 may consist of two or more
groups of hydraulic cylinders which are disposed in
respective areas corresponding to local portions of the
pressure ring 28, such that the pressure chambers of
the hydraulic cylinders of each group communicate with
each other. In this case, the initial hydraulic pressure
values Pso of the individual groups of hydraulic cylin-
ders are controlled independently of each other, and the
reference data memory 122 store data representative of
different reference conditions used to check the respec-
tive groups of hydraulic cylinders for even distribution of
the blank holding force.

The illustrated embodiment uses the hydraulic cyl-
inders 30 as the fluid-actuated balancing cylinders for
even distribution of the blank holding force. However,
the fluid-actuated balancing cylinders may be operated
with a working liquid such as a gel, other than the work-
ing oil. Further, the principle of the present invention is
applicable to a pressing system not equipped with the
fluid-actuated balancing cylinders, provided that the pin
load Fp is detected to diagnose the pressing system for
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even distribution of the blank holding force Fs through
the cushion pins 22.

While the cushioning pneumatic cylinder 32 is pro-
vided as means for applying or generating a resistance
to a movement of the cushion platen 26, the resistance
may be generated by any other means such as a
hydraulic cylinder provided with a pressure releasing
mechanism, or by a suitable spring.

It is to be understood that the present invention may
be embodied with various other changes, modifications
and improvements, which may occur to those skilled in
the art.

Claims

1. A method of pressing a blank (40) in a pressing sys-
tem including (a) a die (18) and a punch (10) coop-
erating to perform a drawing operation on said
blank to draw the blank along a forming surface of
the punch, (b) a cushion platen (26), (c) a resist-
ance applying means (32) for applying a resistance
to a movement of said cushion platen, (d) a pres-
sure ring (28) cooperating with said die to hold the
blank at a peripheral portion thereof during the
drawing operation, and (e) a plurality of cushion
pins (22) interposed in parallel with each other
between said cushion platen and said pressure
ring, for transmitting a blank holding force based on
said resistance to said pressure ring, wherein said
drawing operation is performed when said pressure
ring and said die are moved relative to said punchin
a pressing direction against said resistance, said
method comprising the steps of:

detecting a load which is transmitted to said
pressure ring (28) through each of said cushion
pins (22) during said drawing operation; and
determining whether said blank (40) is ade-
quately held by said blank holding force,
depending upon whether at least one predeter-
mined characteristic value of the detected load
transmitted through said each cushion pin (22)
satisfies a predetermined condition.

2. A method according to claim 1, wherein said at
least one predetermined characteristic value
includes at least one of a peak value, an average
value and an oscillation frequency of a waveform of
said load detected during said drawing operation by
one movement of said die and said punch relative
to each other in said pressing direction.

3. A method according to claim 1 or 2, wherein said
step of determining comprises determining that
said blank is adequately held by said holding force,
if each of said at least one predetermined charac-
teristic value of said detected load is held within a
predetermined range which is determined by an
optimum value of said each predetermined charac-
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teristic value of said detected load, which optimum
value assures even distribution of said blank hold-
ing force to said pressure ring (28) through all of
said cushion pins (22).

A method according to any one of claims 1-3,
wherein said step of determining comprises deter-
mining that said blank holding force is evenly dis-
tributed to said pressure ring (28) through all of said
cushion pins (22) and through all of a plurality of
fluid-actuated balancing cylinders (30), if said at
least one predetermined characteristic value satis-
fies said predetermined condition, said balancing
cylinders being disposed on said cushion platen
(26) such that said cushion pins are interposed in
parallel with each other between said pressure ring
and said balancing cylinders, respectively, said bal-
ancing cylinders having respective pressure cham-
bers communicating with each other.

A method according to claim 4, wherein said step of
determining comprises determining that said blank
holding force is evenly distributed to said pressure
ring through all of said cushion pins and all of said
balancing cylinders with pistons of said balancing
cylinders being placed at neutral positions thereof
between upper and lower stroke ends thereof, if
said at least one predetermined characteristic value
satisfies said predetermined condition, said pistons
of said balancing cylinders being associated with
said cushion pins, respectively.

A method according to claim 5, further comprising
the steps of: determining that at least one of said
pistons of said balancing cylinders has been moved
to the lower stroke end or remains at the upper
stroke end during said drawing operation, if said at
least one predetermined characteristic value does
not satisfy said predetermined condition; and if said
at least one predetermined characteristic value
does not satisfy said predetermined condition,
adjusting a pressure in said balancing cylinders so
that said pistons are placed in said neutral positions
during said drawing operation, for even distribution
of said blank holding force to said pressure ring
through said cushion pins and said balancing cylin-
ders.

A method according to any one of claims 1-6,
wherein said step of detecting a load comprises the
steps of: interposing a load detecting block (102)
between said punch (10) and a bolster (12) dis-
posed above said cushion platen (26); and dispos-
ing load sensing pins (104) in series on upper ends
of said cushion pins (22), respectively, such that
said cushion pins with said load sensing pins dis-
posed thereon extend through through-holes (24)
formed through said bolster, through-holes (106)
formed through said load detecting block, and
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through-holes formed through said punch, each of
said load sensing pins having a length substantially
equal to a height dimension of said load detecting
block, and having a load sensor (108) attached
thereto for detecting a load acting thereon, as said
load which is transmitted to said pressure ring
through said each cushion pin.

A method according to any one of claims 1-7, fur-
ther comprising the steps of: performing a plurality
of test pressing cycles each of which comprises
moving said die (18) and said pressure ring (28) rel-
ative to said punch (10) in said pressing direction
against said resistance so as to perform said draw-
ing operation on said blank (40), such that an
amount of said resistance generated by said resist-
ance applying means (32) is changed as said plu-
rality of test pressing cycles are performed; and
providing an indication of an optimum range of said
amount of resistance within which said at least one
predetermined characteristic value of said detected
load satisfies said predetermined condition, said
step of detecting and said step of determining being
effected in each of said test pressing cycles.

A method according to claim 8, wherein said per-
forming a plurality of test pressing cycles comprises
changing a pressure in a cushioning pneumatic cyl-
inder (32) disposed as said resistance applying
means so as to support said cushion platen (26), so
that said amount of said resistance is changed to
change said blank holding force as said test press-
ing cycles are performed.

A method of pressing a blank (40) in a pressing sys-
tem including (a) a die (18) and a punch (10) coop-
erating to perform a drawing operation on said
blank to draw the blank along a forming surface of
the punch, (b) a cushion platen (26), (c) a plurality
of fluid-actuated balancing cylinders (30) disposed
on said cushion platen and having respective pres-
sure chambers communicating with each cther, (d)
a resistance applying means (32) for applying a
resistance to a movement of said cushion platen,
(e) a pressure ring (28) cooperating with said die to
hold the blank at a peripheral portion thereof during
the drawing operation, and (f) a plurality of cushion
pins (22) interposed in parallel with each other
between said pressure ring and said balancing cyl-
inders, respectively, for transmitting a blank holding
force based on said resistance to said pressure
ring, wherein said drawing operation is performed
when said pressure ring and said die are moved rel-
ative to said punch in a pressing direction against
said resistance, said method comprising the steps
of:
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detecting a load which is transmitted to said
pressure ring (28) through each of said cushion
pins (22) during said drawing operation; and
determining that said blank holding force is
evenly distributed to said pressure ring (28)
through said cushion pins, if at least one prede-
termined characteristic value of the detected
load transmitted through said each cushion pin
(22) satisfies a predetermined condition.

A pressing method according to claim 10, wherein
each of said fluid-actuated balancing cylinders (30)
has a piston associated with a corresponding one
of said cushion pins, and said at least one predeter-
mined characteristic value of said detected load
consists of one of a predetermined load value and
an oscillation frequency of a waveform of said
detected load, said step of determining comprising
determining that said blank holding force is evenly
distributed to said pressure ring through said cush-
ion pins with said pistons of all of said balancing cyl-
inders being placed at neutral positions between
upper and lower stroke ends thereof, if said one of
said predetermined load value and said oscillation
frequency is held within a predetermined tolerance
range, for all of said plurality of cushion pins.

A pressing method according to claim 11, further
comprising the steps of: determining that at least
one of said pistons of said balancing cylinders has
been moved to the lower stroke end during said
drawing operation, if said one of said predeter-
mined load value and said oscillation frequency is
larger than an upper limit of said predetermined tol-
erance range, for at least one of said cushion pins;
and determining that at least one of said pistons of
said balancing cylinders remains at the upper
stroke end during said drawing operation, if said
one of said predetermined load value and said
oscillation frequency is smaller than a lower limit of
said predetermined tolerance range, for at least
one of said cushion pins.

A method according to any one of claims 10-12,
wherein said at least one predetermined character-
istic value includes at least one of a peak value, an
average value and an oscillation frequency of a
waveform of said load detected during said drawing
operation by one movement of said die and said
punch relative to each other in said pressing direc-
tion.

A method according to any one of claims 10-13,
wherein said step of detecting a load comprises the
steps of: interposing a load detecting block (102)
between said punch (10) and a bolster (12) dis-
posed above said cushion platen (26); and dispos-
ing load sensing pins (104) in series on upper ends
of said cushion pins (22), respectively, such that
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said cushion pins with said load sensing pins dis-
posed thereon extend through through-holes (24)
formed through said bolster, through-holes (106)
formed through said load detecting block, and
through-holes formed through said punch, each of
said load sensing pins having a length substantially
equal to a height dimension of said load detecting
block, and having a load sensor (108) attached
thereto for detecting a load acting thereon, as said
load which is transmitted to said pressure ring
through said each cushion pin.

A method according to any one of claims 10-14, fur-
ther comprising the steps of: performing a plurality
of test pressing cycles each of which comprises
moving said die (18) and said pressure ring (28) rel-
ative to said punch (10) in said pressing direction
against said resistance so as to perform said draw-
ing operation on said blank (40), such that an
amount of said resistance generated by said resist-
ance applying means (32) is changed as said plu-
rality of test pressing cycles are performed; and
providing an indication of an optimum range of said
amount of resistance within which said at least one
predetermined characteristic value of said detected
load satisfies said predetermined condition, said
step of detecting and said step of determining being
effected in each of said test pressing cycles.

A method according to claim 15, wherein said per-
forming a plurality of test pressing cycles comprises
changing a pressure in a cushioning pneumatic cyl-
inder (32) disposed as said resistance applying
means so as to support said cushion platen (26), so
that said amount of said resistance is changed to
change said blank holding force as said test press-
ing cycles are performed.

A pressing system including (a) a die (18) and a
punch (10) cooperating to perform a drawing oper-
ation on a blank to draw the blank along a forming
surface of the punch, (b) a cushion platen (26), (c)
a resistance applying means (32) for applying a
resistance to a movement of said cushion platen,
(d) a pressure ring (40) cooperating with said die to
hold the blank at a peripheral portion thereof during
the drawing operation, and (e) a plurality of cushion
pins (22) interposed in parallel with each other
between said cushion platen and said pressure
ring, for transmitting a blank holding force based on
said resistance to said pressure ring, wherein said
drawing operation is performed when said pressure
ring and said die are moved relative to said punch in
a pressing direction against said resistance, said
pressing system comprising:

load detecting means (62, 100, 114) for detect-
ing a load which is transmitted to said pressure
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ring (28) through each of said cushion pins (22)
during said drawing operation;

reference data memory means (122) for storing
data representative of a predetermined condi-
tion which is satisfied by at least one predeter-
mined characteristic value of the detected load
transmitted through said each cushion pin (22)
if said blank (40) is adequately held by said
blank holding force; and

diagnostic means (62, 120) for determining
whether said blank (40) is adequately held by
said blank holding force, depending upon
whether said at least one predetermined char-
acteristic value of said detected load satisfies
said predetermined condition.

18. A pressing system according to claim 19, further

comprising a bolster (12) fixedly disposed between
said cushion platen platen (26) and said punch (10)
and having through-holes (24), and wherein said
cushion pins (22) extends extend through said
through-holes formed through said bolster and
through through-holes formed through said punch,
such that said cushion pins are supported at lower
ends thereof by said cushion platen and support at
upper ends thereof said pressure ring,

and wherein said load detecting means (62,
100, 114) comprises a load detecting device
(100) which includes a load detecting block
(102) interposed between said bolster and said
punch and having through-holes (106) through
which said cushion pins extend, respectively;
and load sensing pins (104) disposed in series
on said upper ends of said cushion pins,
respectively, and having a length substantially
equal to a height dimension of said load detect-
ing block, each of said load sensing pins having
a load sensor (108) attached thereto for detect-
ing a load acting thereon, as said load which is
transmitted to said pressure ring through said
each cushion pin.

19. A pressing system according to claim 17 or 18, fur-

ther comprising:

a die set information memory (66) storing die
set information which includes an optimum
value of each of said at least one predeter-
mined characteristic value of said detected
load transmitted through said each cushion pin;
and

a transceiver (64) for receiving said die set
information from said die set information mem-
ory, said reference data memory means (122)
storing data representative of a tolerance
range of said each predetermined characteris-
tic value of said detected load, which tolerance
range is determined by said optimum value.
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20. A load detecting device used with the pressing sys-
tem defined in claim 17, for detecting said load
transmitted to said pressure ring (28) through each
of said cushion pins (22), wherein said cushion
platen (26) is moved down against said resistance 5
while maintaining a substantially horizontal attitude,
and said punch (10) is fixedly positioned on a bol-
ster (12) disposed above said cushion platen, said
plurality of cushion pins extending through through-
holes formed through said bolster and said punch 1o
such that said cushion pins are supported at lower
ends thereof by said cushion platen and support at
upper ends thereof said pressure ring, said load
detecting device comprising:
15
a load detecting block (102) interposed
between said bolster (12) and said punch (10)
and having through-holes (106) through which
said cushion pins (22) extend; and
load sensing pins (104) disposed in series on 20
said upper ends of said cushion pins, respec-
tively, and having a length substantially equal
to a height dimension of said load detecting
block, each of said load sensing pins having a
load sensor (108) attached thereto for detect- 25
ing a load acting thereon, as said load which is
transmitted to said pressure ring (28) through
said each cushion pin.

21. A load detecting device according to claim 20, 30
wherein each of said load sensor (108) comprises a
strain gage.
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