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(54) PRESS APPARATUS

(57) A press apparatus that allows more flexible de-
sign for a punch than the conventional technique is pro-
vided.

A workpiece feeding apparatus 45 (a press appara-
tus) of the present disclosure includes two, namely, first
and second biasing mechanism 151, 152 for applying
upward biasing force to a knockout pin 53. At the moment
of press work, by the first punch 51 and the knockout pin
53 holding a workpiece 90 therebetween and shifting
downward to a die 60, the knockout pin 53 receives bi-
asing force from the first and second biasing mechanisms
151, 152 to press the workpiece 90 from below, so as to
prevent the workpiece 90 from bulging deformation. Im-
mediately after the press work on the workpiece 90, the
first breaking mechanism 153 breaks transmission of bi-
asing force from the first biasing mechanism 151 to the
knockout pin 53. While being less pushed by the knockout
pin 53, the workpiece 90 shifts down to the discharge
position.
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Description

Technical Field

[0001] The present disclosure relates to a press appa-
ratus in which punches, dies, and knockout pins cooper-
ate in processing a workpiece.

Background Art

[0002] A conventionally known press apparatus car-
ries out punch work by placing a sheet metal on the upper
surface of a die and pushing a part of the sheet metal as
a workpiece into a through hole of the die by a first punch
to punch out the workpiece from the sheet metal. Imme-
diately after the punch work, a second punch extends
downward from inside the first punch and holds the work-
piece between the second punch and the knockout pin,
to carry the workpiece to a discharge position (for exam-
ple, see Patent Document 1). Other conventional known
press apparatus carries out drawing or ironing by dispos-
ing a cylindrical workpiece on the upper surface of a die
and pushing the workpiece into a through hole of the die
by a punch. Thereafter, the punch further shifts down-
ward, to carry the workpiece to workpiece discharge
space beneath the die (for example, see Patent Docu-
ment 2). In the conventional press apparatuses, at the
moment where the workpiece is punched out from the
sheet metal or the moment where the workpiece under-
goes drawing while being shifted downward with the
punch, the workpiece may deform as being bulging away
from the punch. In order to prevent such deformation,
the knockout pin is pushing the workpiece toward the
punch.

Citation List

Patent Document

[0003]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. : JP 2016-203212 A
(paragraph [0030], Fig. 13)
Patent Document 2: Japanese Unexamined Patent
Application Publication No. : JP 11-090547 A (par-
agraph [0038], Fig. 4)

Summary of Invention

Technical Problem to be Solved by the Invention

[0004] Here, in the conventional press apparatuses,
after the workpiece is punched out from the sheet metal
and after the workpiece undergoes drawing, the pushing
force of the knockout pin toward the workpiece gradually
increases as the knockout pin shifts downward with the
punch and the workpiece. Accordingly, the punch must

have a strength enough to withstand the pushing force
of the knockout pin, which limits flexibility in designing
the punch. There is a demand for a press apparatus that
allows more flexible design for a punch than the conven-
tional technique.

Solution to Problem

[0005] A first aspect of the invention to solve the prob-
lem is a press apparatus including a punch and a knock-
out pin configured to hold a workpiece between them and
shift downward to a die to carry out press work on the
workpiece, the punch and the knockout pin shifting to a
discharge position below the die where the workpiece is
discharged laterally, the press apparatus characterized
by further including: a first biasing mechanism configured
to apply upward first biasing force to the knockout pin; a
second biasing mechanism configured to apply upward
second biasing force to the knockout pin; a first breaking
mechanism configured to interfere, immediately after the
press work on the workpiece, with the first biasing mech-
anism so as to restrict upward shifting, to break trans-
mission of force from the first biasing mechanism to the
knockout pin; and a second breaking mechanism config-
ured to interfere, after the workpiece reaches the dis-
charge position, with the knockout pin so as to restrict
upward shifting, to break transmission of force from the
knockout pin to the workpiece.

Brief Description of Drawings

[0006]

Fig. 1 is a front view of a transfer press machine
according to a first embodiment.
Fig. 2 is a sectional front view of a workpiece feeding
apparatus.
Fig. 3 is a sectional side view of the workpiece feed-
ing apparatus.
Fig. 4 is a sectional side view of the workpiece feed-
ing apparatus.
Fig. 5 is a sectional side view of the workpiece feed-
ing apparatus.
Fig. 6 is a perspective view of part of the workpiece
feeding apparatus.
Fig. 7 is a front view of a transfer press machine
according to a second embodiment.
Fig. 8 is a sectional side view of a workpiece feeding
apparatus.
Fig. 9 is a sectional side view of the workpiece feed-
ing apparatus.
Fig. 10 is a sectional side view of the workpiece feed-
ing apparatus.
Fig. 11 is a sectional side view of a transfer press
machine according to a third embodiment.
Fig. 12 is a sectional side view of the transfer press
machine.
Fig. 13 is a sectional side view of the transfer press
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machine.
Fig. 14 is a sectional side view of the transfer press
machine.
Fig. 15 is a sectional side view of a workpiece feeding
apparatus according to a fourth embodiment.
Fig. 16 is a horizontal sectional view of the workpiece
feeding apparatus.
Fig. 17 is a perspective view of a knockout pin.

Description of Embodiments

First Embodiment

[0007] In the following, with reference to Figs. 1 to 6,
a description will be given of embodiments of a transfer
press machine 10 which includes a workpiece feeding
apparatus 45 as "a press apparatus" of the present dis-
closure. As shown in Fig. 1, the transfer press machine
10 includes a plurality of punches 15 which are horizon-
tally aligned at a certain interval at a lower end of a ram
14. Hereinafter, the alignment direction of the plurality of
punches 15 is referred to as "the lateral direction H1",
and the horizontal direction perpendicular to the lateral
direction H1 is referred to as "the front-rear direction H2".
Furthermore, "the right and left sides in Fig. 1" are simply
referred to as "the right side and the left side".
[0008] A frame 11 of the transfer press machine 10
includes: a pair of side walls 11A, 11B standing vertically
from a mount part 11D and opposing to each other in the
lateral direction H1; and a ram supporting wall (not
shown), a bolster supporting wall 12 and others extend-
ing between the side walls 11A, 11B. The ram supporting
wall vertically shiftably supports the ram 14 via a not-
shown slide guide. Between the pair of side walls 11A,
11B, a camshaft 17 extends at a level higher than the
ram supporting wall. The ram 14 engages with cams (not
shown) of the camshaft 17.
[0009] One end of the camshaft 17 projects laterally
than the right side wall 11B. To the projecting portion, an
inverter motor (not shown) is coupled via a large gear 18
and not-shown plurality of transmission components (a
pulley, a timing belt, gears and the like). The inverter
motor rotates the camshaft 17, whereby the ram 14 re-
ciprocates vertically.
[0010] The bolster supporting wall 12 extends between
the lower ends of the pair of side walls 11A, 11B. To the
upper surface of the bolster supporting wall 12, a bolster
16 is fixed. To the upper surface of the bolster 16, a plu-
rality of die holders 13H are fixed. Recessed parts formed
at the upper surfaces of the die holders 13H receive and
fix a plurality of dies 13 corresponding to the plurality of
punches 15. The plurality of punches 15 and dies 13 ver-
tically opposing to each other are paired to form a plurality
of process stages ST.
[0011] As shown in Fig. 2, on the left side of the plurality
of punches 15, a composite punch 50 is provided. The
interval between the composite punch 50 and the left-
most punch 15 is identical to the interval of the punches

15. On the left side of the plurality of die holders 13H, a
die holder 48 being greater in the vertical direction than
the die holders 13H is provided. In a recessed part formed
at the upper surface of the die holder 48, a die 60 corre-
sponding to the composite punch 50 is fixed. The portion
relating to the composite punch 50 and the die 60 is the
workpiece feeding apparatus 45 which corresponds to
"a press apparatus" in the scope of claims. As shown in
Fig. 3, a disc-like workpiece 90 is punched out from a
sheet metal 89. The workpiece feeding apparatus 45 will
be detailed later.
[0012] As shown in Fig. 1, the workpiece 90 produced
in the workpiece feeding apparatus 45 is transferred by
a transfer apparatus 91 to the process stages ST. The
transfer apparatus 91 includes a pair of rails 92 (see Fig.
3, Fig. 2 shows just part of the rails 92) which extends in
the lateral direction H1 over the upper surfaces of the
plurality of die holders 13H. The rails 92 oppose to each
other in the front-rear direction H2. The pair of rails 92 is
provided with a plurality of pairs of fingers 94 shown in
Fig. 3. The plurality of pairs of fingers 94 are arranged at
the interval identical to that of the punches 15 in the lon-
gitudinal direction of the rails 92. The pairs of fingers 94
are supported so as to be slidable in the front-rear direc-
tion H2, and biased in a direction approaching each other
by a compression coil spring 95. Each of the pairs of
fingers 94 opens and closes as the corresponding punch
15 or knockout pin 53 advances between or retracts from
between the pair.
[0013] The transfer apparatus 91 operates by the mo-
tive power received from the camshaft 17. In synchroni-
zation with the up-and-down operation of the ram 14, the
pair of rails 92 repeatedly reciprocates in the lateral di-
rection H1. Thus, the workpieces 90 are successively
transferred to be processed from the workpiece feeding
apparatus 45 to the next right-side process stage ST,
and to the further right-side process stages ST.
[0014] As shown in Fig. 1, in order for the transfer ap-
paratus 91 to receive motive power from the camshaft
17, a vertical shaft 40 is provided on the left side of the
frame 11. The vertical shaft 40 extends from the position
near the upper end of the frame 11 to the position near
the lower end thereof, and is rotatably supported by a
supporting projection 11T which projects laterally from
the side wall 11A of the frame 11. The upper end of the
vertical shaft 40 is coupled to one end of the camshaft
17 penetrating through the side wall 11A via bevel gears
40G. At the intermediate part of the vertical shaft 40, a
not-shown cam is provided so as to be integrally rotata-
ble. The cam is disposed between a not-shown pair of
beam parts disposed across the pair of rails 92. By the
cam rotating following the camshaft 17 while slidingly
contacting with the beam parts, the pair of rails 92 re-
peatedly reciprocates in synchronization with the up-and-
down operation of the ram 14 as described above.
[0015] A camshaft 42 is disposed across the lower
ends of the side walls 11A, 11B of the frame 11. One end
of the camshaft 42 penetrates through the side wall 11A
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of the frame 11, and coupled to the lower end of the ver-
tical shaft 40 via not-shown bevel gears.
[0016] A not-shown plurality of cams are integrally ro-
tatably fixed to the camshaft 42 at the position immedi-
ately below the process stages ST. Knockout pins 43
provided at the stages ST are in sliding contact with the
cams to reciprocate in the vertical direction. When each
of the punches 15 of the process stages ST pushes a
workpiece 90 into a forming hole of the corresponding
die 13 to form, the corresponding knockout pin 43 press-
es the lower surface of the workpiece 90 to restrict the
workpiece 90 from bulging downward. When each punch
15 shifts upward, the corresponding knockout pin 43
surely pushes out the workpiece 90 from the forming hole
of the die 13.
[0017] In the present embodiment, the workpiece 90
punched out from the sheet metal 89 in the workpiece
feeding apparatus 45 is shaped to be cylindrical at the
first process stage ST (the leftmost process stage ST),
and gradually cylindrically elongated as it passes through
downstream process stages ST. From the downstream
terminal process stage ST to the next not-shown chute,
the workpiece 90 is discharged by the transfer apparatus
91.
[0018] In the following, a description will be given of
the workpiece feeding apparatus 45. As shown in Fig. 2,
as described above, the die holder 48 of the workpiece
feeding apparatus 45 is higher than the die holders 13H
of the process stages ST. The die holder 48 is provided
with a lateral hole 48A that penetrates in the lateral di-
rection H1. The inner lower surface of the lateral hole
48A is flush with the upper surfaces of the die holders
13H of the process stages ST.
[0019] As shown in Fig. 3, the cross-sectional shape
of the lateral hole 48A is rectangular elongated in the
front-rear direction H2 than the vertical direction. The
above-described pair of rails 92 passes through in the
lateral direction H1 at the both ends of the lateral hole
48A in the front-rear direction H2. As will be described
later, the workpiece 90 having been punched out from
the sheet metal 89 by the workpiece feeding apparatus
45 is transferred to the process stages ST while held
between the pair of fingers 94. For its purpose, the op-
posing surfaces of the leftmost pair of fingers 94 in the
plurality of pairs of fingers 94, are each provided with an
engaging groove 94A for engaging with the edge of the
disc-like workpiece 90. Note that, in the present embod-
iment, the position where the workpiece 90 is held be-
tween the pair of fingers 94 corresponds to "a discharge
position" in the scope of claims.
[0020] A sheet metal cover 49 is fixed to the upper
surface of the die holder 48. The sheet metal cover 49
has a pair of leg parts at the both ends in the lateral
direction H1. The sheet metal cover 49 is fixed so as to
cross over the die 60 and to oppose to the die 60 from
above with a gap. In the sheet metal cover 49, a through
hole 49A is formed coaxially to the through hole 61 of the
die 60. Via the through hole 49A, the composite punch

50 enters the through hole 61 of the die 60.
[0021] Through the gap between the sheet metal cover
49 and the die 60, the sheet metal 89 passes through in
the front-rear direction H2. A not-shown sheet metal feed-
ing apparatus disposed on the front or rear side of the
die holder 48 holds the sheet metal 89 and keeps the
sheet metal 89 abutted on the upper surface of the die
60, and shifts the sheet metal 89 in synchronization with
the up-and-down operation of the ram 14.
[0022] As shown in Fig. 2, in the die holder 48 and the
bolster 16, a through hole 65 is formed coaxially to the
through hole 61 of the die 60. At the center in the front-
rear direction H2 of the bolster supporting wall 12, com-
ponent housing space 12A is provided, to penetrate ver-
tically through the bolster supporting wall 12 and com-
municate with the through hole 65. The knockout pin 53
corresponding to the composite punch 50 extends across
the lower end of the bolster supporting wall 12 to the die
holder 48.
[0023] The knockout pin 53 includes a separate part
53L at the position near the upper end. Depending on
the shape of the composite punch 50 and the die 60, a
pin body part 53H on the separate part 53L is replaced.
In the knockout pin 53, a pin body supporting part 53J
below the separate part 53L is greater in diameter than
the pin body part 53H. Correspondingly, the above-de-
scribed through hole 65 has its diameter widened step-
wise at the portion lower than the position near the lower
end of the die holder 48. As shown in Fig. 3, at the position
near the upper end in the pin body part 53H, a tapered
part 53T having its diameter reduced upward is provided.
A tip smaller-diameter part 53A on the tapered part 53T
is configured to loosely fit into the through hole 65 of the
die 60 from below. The structure of the pin body support-
ing part 53J of the knockout pin 53 will be described later.
[0024] As shown in Fig. 3, the composite punch 50 is
made up of a cylindrical first punch 51 and a second
punch 52 fitted into the first punch 51. The first punch 51
is fixed to the ram 14 (see Fig. 1). On the other hand, the
second punch 52 is supported so as to be vertically shift-
able relative to the first punch 51. As shown in Fig. 1, to
the upper end of the second punch 52, one end of a
seesaw-type lever 54 is coupled. The intermediate part
in the longitudinal direction of the lever 54 is rotatably
supported by, for example, the side wall 11A of the frame
11. The other end of the lever 54 engages with a cam
groove 55A of a roll part 55 that integrally rotates with
the vertical shaft 40. Thus, the first punch 51 and the
second punch 52 shifts upward and downward in syn-
chronization.
[0025] The composite punch 50 and the knockout pin
53 cooperate with each other to punch out the workpiece
90 from the sheet metal 89 as follows. That is, the com-
posite punch 50 shifts downward toward the sheet metal
89. Before reaching the sheet metal 89, the knockout pin
53 has its upper end surface positioned at an origin po-
sition where the upper end surface becomes flush with
the upper surface of the die 60. The composite punch 50
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has the lower end of the second punch 52 housed in the
first punch 51. Then, as shown in Fig. 4, the composite
punch 50 reaches the sheet metal 89, and the first punch
51 presses part of the sheet metal 89 to push it into the
through hole 61 of the die 60.
[0026] Here, while the part of the sheet metal 89
pushed by the first punch 51 gains momentum to bulge
downward, the knockout pin 53 biased toward the origin
position by first and second compression coil springs 73,
83, which will be described later, prevents the sheet metal
89 from deforming and bulging downward. Then, the first
punch 51 punches out the part of the sheet metal 89 as
the workpiece 90.
[0027] Immediately after the workpiece 90 is punched
out from the sheet metal 89, the second punch 52 begins
to extend downward from the first punch 51. The work-
piece 90 held between the second punch 52 and the
knockout pin 53 is pushed downward to the engaging
grooves 94A of the pair of fingers 94 (that is, to the dis-
charge position). Here, since a greater-diameter part 53B
of the knockout pin 53 is held between the pair of fingers
94, the workpiece 90 shifts downward to reach the en-
gaging grooves 94A while avoiding contact with the op-
posing surfaces of the pair of fingers 94. When the work-
piece 90 reaches the engaging grooves 94A, as shown
in Fig. 5, the greater-diameter part 53B of the pin body
part 53H of the knockout pin 53 just passes through the
pair of fingers 94 downward, and the edge of the work-
piece 90 engages with the engaging grooves 94A.
[0028] Thereafter, the knockout pin 53 shifts further
downward to become spaced apart from the workpiece
90, and the second punch 52 shifts upward to become
spaced apart from the workpiece 90. While the first punch
51 has already started shifting upward at this time point,
the second punch 52 shifts upward faster than the first
punch 51 and, accordingly, is housed in the first punch
51. Then, the pair of rails 92 slides to discharge the work-
piece 90 from the workpiece feeding apparatus 45 to the
next process stage ST. When the workpiece 90 is pushed
into the corresponding die 13 by the punch 15 of the
process stage ST, the pair of rails 92 slides to return to
the original position.
[0029] In the following, a description will be given of
the mechanism in which the knockout pin 53 is biased
by the first and second compression coil springs 73, 83.
As shown in Fig. 2, at the upper end position, the inter-
mediate position, and the lower end position of the pin
body supporting part 53J of the knockout pin 53, a first
projection part 56A, a second projection part 56B, and a
third projection part 56C from the top in order are respec-
tively provided, and project stepwise laterally. A lower
supporting base 111 is fixed to the lower surface of the
bolster supporting wall 12. As shown in Fig. 6, a portion
between the second and third projection parts 56B, 56C
in the knockout pin 53 penetrates through a through hole
111A formed at the lower supporting base 111, so as to
be linearly shiftable.
[0030] A plurality of supporting legs 112 extend upward

from the lower supporting base 111. The supporting legs
112 are supported by an upper supporting base 113. A
groove part 113A penetrating in the vertical direction and
opened laterally is formed at the upper supporting base
113. Through the groove part 113A, the portion between
the first and second projection parts 56A, 56B in the
knockout pin 53 penetrates vertically.
[0031] Then, as shown in Fig. 2, the second compres-
sion coil spring 83 is provided at the upper portion than
the upper supporting base 113 in the knockout pin 53,
and stretches between the first projection part 56A and
the upper supporting base 113, thereby to bias the knock-
out pin 53 upward.
[0032] In the position coaxially immediately below the
knockout pin 53, a cylinder 114 is fixed to the mount part
11D of the frame 11. A push-up rod 115 is supported by
the cylinder 114 so as to be linearly shiftable in the vertical
direction and projects above the cylinder 114. The first
compression coil spring 73 is housed in the cylinder 114
and stretches between the bottom surface of the cylinder
114 and the push-up rod 115, thereby to bias the knock-
out pin 53 upward via the push-up rod 115.
[0033] In the workpiece feeding apparatus 45 accord-
ing to the present embodiment, the first biasing mecha-
nism 151 in the scope of claims includes the first com-
pression coil spring 73, the cylinder 114, and the push-
up rod 115. Furthermore, the second biasing mechanism
152 in the scope of claims includes the second compres-
sion coil spring 83, the first projection part 56A, and the
upper supporting base 113. The first projection part 56A
corresponds to "a spring-top abutting part" in the scope
of claims, and the upper supporting base 113 corre-
sponds to "a spring-bottom abutting part" in the scope of
claims . The second projection part 56B corresponds to
"a stepped projection part" in the scope of claims.
[0034] The workpiece feeding apparatus 45 according
to the present embodiment includes a first breaking
mechanism 153 for breaking transmission of biasing
force from the first biasing mechanism 151 to the knock-
out pin 53, and a second breaking mechanism 154 for
breaking transmission of biasing force from the knockout
pin 53 to the workpiece 90. As shown in Fig. 6, the first
breaking mechanism 153 includes the camshaft 42 and
a first lever 44A which rotates following the camshaft 42.
The second breaking mechanism 154 includes the cam-
shaft 42, a second lever 44B which rotates following the
camshaft 42, the second projection part 56B of the knock-
out pin 53, and an assist rod 57 and an intervention mem-
ber 58 which will be described later.
[0035] The first and second levers 44A, 44B are each
bent in a substantially U-shape, have their respective in-
termediate portions rotatably supported by the bolster
supporting wall 12 (see Figs. 1 and 2), and have their
both ends positioned lower than the rotation axis. To one
end of each of the first and second levers 44A, 44B, a
cam follower 44K having a roller mechanism is mounted.
The camshaft 42 is integrally rotatably provided with first
and second cams 42A, 42B corresponding to the first
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and second levers 44A, 44B.
[0036] The cam follower 44K at one end of the first
lever 44A opposes to the first cam 42A, and an operation
part which is the other end of the first lever 44A is coupled
to the upper end of the push-up rod 115. Thus, the first
breaking mechanism 153 is formed in which the first cam
42A pushes up the cam follower 44K of the first lever 44A
and the operation part of the first lever 44A pushes down
the push-up rod 115, whereby transmission of the biasing
force from the first biasing mechanism 151 to the knock-
out pin 53 is broken.
[0037] On the other hand, the cam follower 44K at one
end of the second lever 44B opposes to the second cam
42B, and an operation part which is the other end of the
second lever 44B is coupled to the lower end of the assist
rod 57, which will be described hereinafter. As shown in
Fig. 2, the assist rod 57 extends in the vertical direction
on the left side of the knockout pin 53 in the component
housing space 12A. At the upper end position and the
position near the lower end of the assist rod 57, a first
projection part 57A and a second projection part 57B are
respectively provided such as to project stepwise later-
ally. The portion between the first and second projection
parts 57A, 57B of the assist rod 57 is linearly shiftably
supported by through holes 111B, 113B respectively pro-
vided at the lower supporting base 111 and the upper
supporting base 113.
[0038] In the assist rod 57, the intervention member
58 is fixed to the portion between the upper supporting
base 113 and the lower supporting base 111 such as to
extend toward the knockout pin 53. As shown in Fig. 6,
a groove part 58A which penetrates the intervention
member 58 in the vertical direction and laterally opens
is formed at the tip of the intervention member 58. The
portion between the upper supporting base 113 and the
second projection part 56B in the knockout pin 53 verti-
cally penetrates through the groove part 58A. Thus, the
second breaking mechanism 154 is formed in which the
second cam 42B pushes up the cam follower 44K of the
second lever 44B, and the operation part of the second
lever 44B pushes down the assist rod 57 and further
pushes down the knockout pin 53 via the assist rod 57,
whereby transmission of the biasing force from the
knockout pin 53 to the workpiece 90 is broken.
[0039] In the first breaking mechanism 153 and the
second breaking mechanism 154, the first and second
cams 42A, 42B are configured to break the transmission
of the biasing force at the following timing. That is, before
the composite punch 50 reaches the sheet metal 89 while
shifting downward toward the sheet metal 89, the cam
followers 44K of the first and second levers 44A, 44B are
spaced apart from or slightly in contact with the first and
second cams 42A, 42B. Accordingly, the assist rod 57 is
not restricted from shifting by the second lever 44B, and
the knockout pin 53 is not restricted from shifting by the
intervention member 58 of the assist rod 57. Since the
push-up rod 115 of the first biasing mechanism 151 is
also not restricted by the first lever 44A, the push-up rod

115 pushes up the knockout pin 53. In addition, the
knockout pin 53 is pushed upward also by the second
compression coil spring 83 of the second biasing mech-
anism 152.
[0040] In other words, the knockout pin 53 receives the
biasing force of the first biasing mechanism 151 (the first
compression coil spring 73) and the second biasing
mechanism 152 (the second compression coil spring 83)
to shift upward. Then, the third projection part 56C of the
knockout pin 53 abuts on the lower supporting base 111,
to be positioned at the origin position. Furthermore, in
this state, the first compression coil spring 73 and the
second compression coil spring 83 are compressively
deformed than in the free state. In the present embodi-
ment, at this time, the biasing force exerted by the first
compression coil spring 73 is greater than the biasing
force exerted by the second compression coil spring 83.
[0041] Then, when the first punch 51 punches out part
of the sheet metal 89 as the workpiece 90 and the knock-
out pin 53 is pushed by the first punch 51 via the work-
piece 90, the first and second compression coil springs
73, 83 are further compressed to apply adequate press-
ing force to the workpiece 90. This prevents the work-
piece 90 from deforming and bulging downward.
[0042] At the timing immediately after the workpiece
90 is punched out from the sheet metal 89, the cam fol-
lower 44K of the first lever 44A is pushed up by the first
cam 42A. Then, the push-up rod 115 is pushed down by
the operation part of the first lever 44A, thereby to be
spaced apart from the knockout pin 53. That is, the first
biasing mechanism 151 is separated from the knockout
pin 53. This sharply reduces the biasing force applied to
the knockout pin 53. At the timing immediately after the
separating, the second punch 52 extends downward from
the first punch 51, to push down the knockout pin 53 with
the workpiece 90. Here, the assist rod 57 shifts downward
by its own weight having the intervention member 58
abutted on the second projection part 56B of the knockout
pin 53. Otherwise, the cam follower 44K of the second
lever 44B is pushed up by the second cam 42B and the
assist rod 57 is pushed down by the operation part of the
second lever 44B in such a manner that the intervention
member 58 shifts downward keeping adjacent to the sec-
ond projection part 56B. Then, at the timing where the
workpiece 90 is held between the pair of fingers 94, that
is, at the timing where the workpiece 90 reaches the dis-
charge position, the cam follower 44K of the second lever
44B is strongly pushed upward by the second cam 42B,
whereby the intervention member 58 of the assist rod 57
pushes down the second projection part 56B of the
knockout pin 53 to separate the knockout pin 53 down-
ward from the workpiece 90.
[0043] When the workpiece 90 is transferred to the
process stage ST, the push-up amount of the first and
second cams 42A, 42B to the cam followers 44K reduces
so that the operation parts of the first and second levers
44A, 44B rise, and the knockout pin 53 returns to the
origin position.
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[0044] The foregoing is the description as to the struc-
ture of the workpiece feeding apparatus 45 according to
the present embodiment. As described above, the work-
piece feeding apparatus 45 according to the present em-
bodiment includes two, namely, first and second biasing
mechanisms 151, 152 for applying upward biasing force
to the knockout pin 53. At the moment where the press
work (punch work) is carried out, the first punch 51 and
the knockout pin 53 holding the workpiece 90 between
them shift downward toward the die 60. The knockout
pin 53 receiving the biasing force from the first and sec-
ond biasing mechanisms 151, 152 pushes up the work-
piece 90 from beneath, thereby to prevent the workpiece
90 from bulging deformation. Immediately after the press
work on the workpiece 90, the first breaking mechanism
153 breaks transmission of the biasing force from the
first biasing mechanism 151 to the knockout pin 53. The
workpiece 90 shifts downward to the discharge position
in a state of being less pushed by the knockout pin 53.
At the discharge position, the second breaking mecha-
nism 154 restricts the knockout pin 53 from shifting up-
ward, whereby the workpiece 90 is not pushed by the
knockout pin 53 any longer and is laterally discharged
from the discharge position.
[0045] As above, the workpiece feeding apparatus 45
according to the present embodiment includes two bias-
ing mechanisms 151, 152 that bias the knockout pin 53
upward. The biasing force from one biasing mechanism
151 is blocked immediately after the press work (punch
work) on the workpiece 90. As a result, this reduces the
maximum pushing force that the second punch 52 of the
composite punch 50 receives from the knockout pin 53
while shifting downward as compared to the conventional
case. By virtue of the push-up rod 115 serving as the
output part of the biasing force of the first biasing mech-
anism 151 being disposed on the lower extension line of
the knockout pin 53, the first biasing mechanism 151 ex-
erts greater biasing force than the second biasing mech-
anism 152 which is not structured in that manner. This
largely reduces the pushing force that the second punch
52 of the composite punch 50 receives from the knockout
pin 53. These improve the flexibility in designing the com-
posite punch 50 than the conventional case, and imple-
ments the composite punch 50 with the thinner second
punch 52 that has not been available conventionally.

Second Embodiment

[0046] Figs. 7 to 10 show a transfer press machine 10A
according to the present embodiment. A workpiece feed-
ing apparatus 45A of the transfer press machine 10A
according to the present embodiment is different in per-
forming the punch-forming work as the press work from
the workpiece feeding apparatus 45 according to the first
embodiment which performs just the punch work. Here-
inafter, a description will be given of just the difference
in the structure of the workpiece feeding apparatus 45A
according to the present embodiment from the workpiece

feeding apparatus 45 according to the first embodiment.
[0047] As shown in Fig. 7, the transfer press machine
10A according to the present embodiment includes a ram
14A for the workpiece feeding apparatus 45A, which ram
14A is driven by a source different from that for the ram
14 on which the punches 15 of the plurality of process
stages ST are mounted.
[0048] As shown in Fig. 8, the workpiece feeding ap-
paratus 45A includes, corresponding to a composite
punch 50A made up of a first punch 51A and a second
punch 52A, a first die 60A for the first punch 51A and a
second die 60B for the second punch 52A. The second
die 60B is overlaid under the first die 60A, and retained
by a die holder 48B (see Fig. 7). The first punch 51A and
the second punch 52A each have an oval cross-sectional
shape.
[0049] A through hole 61B of the second die 60B is
slightly smaller than and similar in shape to a through
hole 61A of the first die 60A. While the opening edge of
the through hole 61A where the upper surface of the first
die 60A and the inner surface of the through hole 61A
intersect is sharp, the opening edge of the through hole
61B of the second die 60B is rounded.
[0050] A pushing plate 53Y is fixed to the upper end
of a knockout pin 53X of the workpiece feeding apparatus
45A. While not shown in the drawings, to the part lower
than the die holder 48B in the knockout pin 53X, the first
biasing mechanism 151, the second biasing mechanism
152, the first breaking mechanism 153, and the second
breaking mechanism 154 described in the first embodi-
ment are provided.
[0051] Stepped surfaces 94B oriented downward are
respectively provided at the positions near respective up-
per ends of the opposing surfaces of the pair of fingers
94 of the transfer apparatus 91. A block body 38 for open-
ing and closing the pair of fingers 94 fits into the outer
side of the knockout pin 53X. The block body 38 is pro-
vided with a through hole 38A through which the knockout
pin 53X penetrates. A recessed part 38D where the push-
ing plate 53Y is received is formed at the upper surface
of the block body 38. The block body 38 is vertically shift-
ably supported by a plurality of shafts 38C extending
downward from the lower surface of the block body 38.
The block body 38 is biased to the upper end position by
the compression coil spring 38B provided around the out-
er side of the shafts 38C. As shown in Fig. 9, the block
body 38 disposed at the upper end position opens the
pair of fingers 94.
[0052] In the workpiece feeding apparatus 45A accord-
ing to the present embodiment, when the knockout pin
53X is disposed at the origin position, the upper surface
of the knockout pin 53X (specifically, the upper surface
of the pushing plate 53Y) becomes flush with the upper
surface of the first die 60A. Here, the knockout pin 53X
is biased to the origin position by the not-shown first bi-
asing mechanism 151 and second biasing mechanism
152. In this state, the first punch 51A and the second
punch 52A push part of the sheet metal 89 on the first
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die 60A into the through hole 61A of the first die 60A,
thereby punching out a plate-like workpiece 90A from the
sheet metal 89 (see Fig. 9). Immediately thereafter, the
second punch 52A extends downward from the first
punch 51A, to push the workpiece 90A into the through
hole 61B of the second die 60B where the workpiece 90A
is shaped to be a cylindrical workpiece 90B (see Fig. 10).
Then, the first breaking mechanism 153 breaks trans-
mission of the biasing force from the first biasing mech-
anism 151 to the knockout pin 53X.
[0053] As shown in Fig. 10, when the upper end of the
workpiece 90B reaches the discharge position positioned
lower than the stepped surfaces 94B of the pair of fingers
94, the second breaking mechanism 154 restricts the
knockout pin 53X from shifting upward. Before the work-
piece 90B reaches the discharge position, the pushing
plate 53Y is housed in the recessed part 38D of the block
body 38. Immediately before the workpiece 90B reaches
the discharge position, the knockout pin 53X pushes
down the block body 38, to expel the block body 38 from
between the pair of fingers 94. The structure according
to the present embodiment also attains the operation and
effect similar to those of the first embodiment.

Third Embodiment

[0054] Figs. 11 to 14 show a transfer press machine
10B according to the present embodiment. While the
transfer press machine 10B is not entirely shown in the
drawings, it is substantially similarly structured to the
transfer press machine 10A according to the second em-
bodiment (see Fig. 7), and includes the workpiece feed-
ing apparatus 45A and the plurality of process stages ST.
[0055] Similarly to the transfer press machine 10A ac-
cording to the second embodiment, the transfer press
machine 10B gradually draws, through the plurality of
process stages ST, the oval-cylindrical-shaped work-
piece 90B punched by the workpiece feeding apparatus
45A, so that the workpiece 90B is shaped to be a rectan-
gular cylinder having an elongated rectangular cross sec-
tion before it reaches the final process stage ST. At the
final process stage ST, as shown in Fig. 12, the workpiece
90B is pushed down to the discharge position below the
die 13 so as to avoid any scratches on the surface of the
workpiece 90B. Then, the workpiece 90B is discharged
beside the transfer press machine 10B from the dis-
charge position. For this purpose, below the die 13, there
are provided a conveyor apparatus 91W for laterally con-
veying the workpiece 90B having been pushed down to
the discharge position, and a pair of engaging hooks 202
for releasing the punch 15 from the workpiece 90B at the
discharge position.
[0056] Similarly to the transfer apparatus 91, the con-
veyor apparatus 91W includes the pair of rails 92 with
the pair of fingers 94. The pair of fingers 94 is opened
and closed by air cylinders 200. In the present embodi-
ment, the plurality of pairs of fingers 94 of the transfer
apparatus 91 are also opened and closed by the air cyl-

inders 200. The pair of engaging hooks 202 is also
opened and closed by the air cylinders 200.
[0057] As shown in Fig. 11, a knockout pin 53Z of the
final process stage ST includes just the first and second
projection parts 56A, 56B out of the first to third projection
parts 56A to 56C of the knockout pin 53 described in the
first embodiment (see Fig. 2). The second projection part
56B is disposed at the lower end of the knockout pin 53Z.
[0058] As shown in Fig. 13, a first biasing mechanism
151V is provided coaxially below the knockout pin 53Z.
The first biasing mechanism 151V is different from the
first biasing mechanism 151 according to the first em-
bodiment in that the first compression coil spring 73 is
replaced by compressed air as an elastic member.
[0059] The present embodiment includes a first break-
ing mechanism 153V and a second breaking mechanism
154V respectively driven by servomotors 303X, 303Y.
[0060] Specifically, the first breaking mechanism 153V
includes a supporting base 309 extending between the
front surface of the bolster supporting wall 12 and the
upper surface of the mount part 11D. The lower end and
the position near the upper end of a ball screw 300A of
a ball screw mechanism 300 are rotatably supported by
the supporting base 309. The servomotor 303X is dis-
posed in parallel to the ball screw 300A and fixed to the
supporting base 309. The output shaft of the servomotor
303X and the upper end of the ball screw 300A are cou-
pled to each other via a pulley 304 and a timing belt 305.
[0061] In the supporting base 309, the surface facing
the first biasing mechanism 151V is provided with a pair
of guide rails 301 which extends in the vertical direction.
A plurality of sliders 302A slidably engage with the pair
of guide rails 301. To an up-and-down base 302 to which
the sliders 302A are fixed, a ball nut 300B of the ball
screw mechanism 300 is fixed.
[0062] A first intervention member 306X horizontally
extends from the up-and-down base 302. To the through
hole vertically penetrating through the tip of the first in-
tervention member 306X, the upper end of the push-up
rod 115 is fitted. To the upper end of the push-up rod
115, a pair of flanges 115A, 115B is provided so as to be
vertically juxtaposed to each other. The first intervention
member 306X is disposed between the flanges 115A,
115B. Thus, as shown in Fig. 14, the first intervention
member 306X shifts upward and downward using the
servomotor 303X as a drive source. Then, the first inter-
vention member 306X pushes down the push-up rod 115
(specifically, the flange 115B), to break the transmission
of the biasing force from the first biasing mechanism
151V to the knockout pin 53Z.
[0063] On the other hand, the second breaking mech-
anism 154V is disposed on the side opposite to the first
breaking mechanism 153V interposing the bolster sup-
porting wall 12 therebetween. The second breaking
mechanism 154V is similarly structured to the first break-
ing mechanism 153V, and the second intervention mem-
ber 306Y shifts upward and downward using the servo-
motor 303Y as a drive source. The portion between the
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first and second projection parts 56A, 56B in the knockout
pin 53Z penetrates through the through hole at the tip of
the second intervention member 306Y. Thus, as shown
in Fig. 14, the second intervention member 306Y pushes
down the knockout pin 53Z (specifically, the second pro-
jection part 56B), to break the transmission of the biasing
force from the knockout pin 53Z to the workpiece 90B.
[0064] The second compression coil spring 83 is pro-
vided around the portion between the second interven-
tion member 306Y and the first projection part 56A in the
knockout pin 53Z. Thus, the second compression coil
spring 83, the first projection part 56A, and the second
intervention member 306Y constitute the second biasing
mechanism 152V.
[0065] Also in the press apparatus of the final process
stage ST included in the transfer press machine 10B ac-
cording to the present embodiment, similarly to the work-
piece feeding apparatuses 45, 45A according to the first
and second present embodiments, the punch 15 and the
knockout pin 53Z shift downward toward the die 13 hold-
ing the workpiece 90B between them. At the moment
where the press work (drawing work or ironing work) is
carried out, the knockout pin 53Z receiving the biasing
force from the two, namely, the first and second biasing
mechanisms 151V, 152V pushes up the workpiece 90B
from beneath, to prevent the workpiece 90B from bulging
deformation. Immediately after the press work on the
workpiece 90B, the first breaking mechanism 153V sep-
arates the push-up rod 115 of the first biasing mechanism
151V from the knockout pin 53Z. As a result, the work-
piece 90B shifts downward to the discharge position in
the state where the punch 15 and the workpiece 90B are
less pushed by the knockout pin 53Z, At the discharge
position, the second breaking mechanism 154V restricts
the knockout pin 53Z from shifting upward, whereby the
workpiece 90B is laterally discharged. In the structure of
the present embodiment, by adjusting the position of the
second intervention member 306Y as appropriate when
the knockout pin 53Z shifts downward, the biasing force
from the second biasing mechanism 152V to the knock-
out pin 53Z can also be changed.

Fourth Embodiment

[0066] In the following, with reference to Figs. 15 to 17,
a description will be given of a workpiece feeding appa-
ratus 45B of a transfer press machine according to the
present embodiment. Besides the workpiece feeding ap-
paratus 45B, the transfer press machine according to the
present embodiment is substantially similarly structured
to the transfer press machine 10 according to the first
embodiment.
[0067] The workpiece feeding apparatus 45B accord-
ing to the present embodiment is identical to the work-
piece feeding apparatus 45 according to the first embod-
iment in the following points. That is, as shown in Fig.
15, in the state where the knockout pin 130 abuts on the
lower surface of part of the sheet metal 89, the workpiece

feeding apparatus 45B according to the present embod-
iment causes the first punch 51 of the composite punch
50 to push part of the sheet metal 89 into the through
hole 61 of the die 60, to punch out the workpiece 90.
Thereafter, the workpiece 90 held between the second
punch 52 extending downward from the first punch 51
and the knockout pin 130 shifts downward. The knockout
pin 130 further shifts downward from the position where
the workpiece 90 engages with the engaging grooves
94A of the pair of fingers 94, and the second punch 52
shifts upward. After the knockout pin 130 and the second
punch 52 are retracted from between the pair of fingers
94, the pair of fingers 94 conveys the workpiece 90 to
the process stages ST. Below the knockout pin 130, the
first and second biasing mechanisms 151, 152 and the
first and second breaking mechanisms 153, 154 de-
scribed in the first embodiment are provided, which op-
erate similarly as in the first embodiment.
[0068] The workpiece feeding apparatus 45B accord-
ing to the present embodiment is different from the work-
piece feeding apparatus 45 according to the first embod-
iment in the following points. That is, as shown in Fig.
17, a pair of vertical grooves 131 is formed at the circum-
ferential surface of the knockout pin 130, at two positions
spaced apart from each other by 180 degrees in the cir-
cumferential direction. The vertical grooves 131 are each
quadrangular groove-shaped, and open also to the upper
surface of the knockout pin 130. The pair of vertical
grooves 131 is disposed so as to be juxtaposed to each
other in the direction perpendicular to the direction in
which the pair of fingers 94 opposes to each other.
[0069] As shown in Fig. 16, at two positions interposing
the knockout pin 130 therebetween in the direction per-
pendicular to the direction in which the fingers 94 oppose
to each other, a pair of workpiece coming-off preventing
members 134 is provided. As shown in Fig. 17, the work-
piece coming-off preventing members 134 each have a
structure including a supporting block 132 of a rectangu-
lar shape and an engaging part 133 projecting from the
supporting block 132. The supporting block 132 is fixed
to the die holder 48. While not shown in the drawings,
the upper surface of the supporting block 132 is posi-
tioned at a level identical to or slightly lower than the
lower surface of the finger 94.
[0070] The engaging part 133 is rectangular-parallel-
epiped shaped extending in the direction perpendicular
to the direction in which the pair of fingers 94 opposes
to each other, and projects from the lateral surface and
the upper surface of the supporting block 132 to engage
with the vertical groove 131 of the knockout pin 130.
While not shown in the drawings, the upper surface of
the engaging part 133 is disposed at a level identical to
or slightly lower than the lower surface of the workpiece
90 engaging with the engaging grooves 94A of the pair
of fingers 94.
[0071] In the structure of the present embodiment,
when the knockout pin 130 becomes separated from the
workpiece 90 after having been held between the pair of
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fingers 94, the pair of workpiece coming-off preventing
members 134 prevents the workpiece 90 from coming
off. Note that, when the pair of fingers 94 shifts in the
conveying direction, the engaging part 133 passes with-
out interfering with the pair of fingers 94.

Other Embodiment

[0072] The present invention is not limited to the fore-
going embodiments. The technical scope of the present
invention covers any appropriate combination of the first
to fourth embodiments. The present invention may be
carried out with various modifications without departing
from the gist of the invention.
[0073] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. A press apparatus (45) comprising a punch (50) and
a knockout pin (53) configured to hold a workpiece
(90) between them and shift downward to a die (60)
to carry out press work on the workpiece (90), the
punch (50) and the knockout pin (53) shifting to a
discharge position below the die (60) from where the
workpiece (90) is discharged laterally, the press ap-
paratus (45) being characterized by further com-
prising:

a first biasing mechanism (151) configured to
apply upward first biasing force to the knockout
pin (53);
a second biasing mechanism (152) configured
to apply upward second biasing force to the
knockout pin (53);
a first breaking mechanism (153) configured to
interfere, immediately after the press work on
the workpiece (90), with the first biasing mech-
anism (151) so as to restrict upward shifting, and
to break transmission of force from the first bi-
asing mechanism (151) to the knockout pin (53);
and
a second breaking mechanism (154) configured
to interfere, after the workpiece (90) reaches the
discharge position, with the knockout pin (53)
so as to restrict upward shifting, and to break
transmission of force from the knockout pin (53)

to the workpiece (90).

2. The press apparatus (45) according to claim 1, char-
acterized in that
the punch (50) is a composite punch (50) made up
of a cylindrical first punch (51) and a second punch
(52) fitted into the first punch (51),
the press work is punch work in which part of a sheet
metal (89) disposed on an upper surface of the die
(60) is held between the first punch (51) and the
knockout pin (53) and punched out as the workpiece
(90), and
immediately after the punch work, the second punch
(52) extends downward from inside of the first punch
(51) to hold the workpiece (90) between the second
punch (52) and the knockout pin (53), to shift to the
discharge position.

3. The press apparatus (45) according to claim 1 or 2,
characterized in that
the first biasing mechanism (151) includes

a push-up rod (115) disposed on a downward
extension from the knockout pin (53) and verti-
cally shiftably supported, and
an elastic member (73) including a compression
coil spring or compressed air functioning to bias
the push-up rod (115) upward,

the second biasing mechanism (152) includes

a compression coil spring (83) provided at the
knockout pin (53),
a spring-top abutting part (56A) provided at the
knockout pin (53) so as to abut on the compres-
sion coil spring (83) from above, and
a spring-bottom abutting part (113) configured
to abut on the compression coil spring (83) from
below.

4. The press apparatus (45) according to claim 3, char-
acterized by further comprising
first and second cams (42A, 42B) configured to in-
tegrally rotate with a camshaft (42) extending hori-
zontally, wherein
the first breaking mechanism (153) includes a first
lever (44A) configured to follow the first cam (42A)
to rotate between a position to restrict an upper end
of the push-up rod (115) from upwardly shifting and
a position to cancel the restriction,
the second breaking mechanism (154) includes

an assist rod (57) disposed to be juxtaposed to
the knockout pin (53) and extend vertically while
being vertically shiftably supported,
an intervention member (58) fixed to the assist
rod (57) and protruding toward the knockout pin
(53), the intervention member (58) including a
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through hole (58A) through which a portion in
the knockout pin (53) below the spring-bottom
abutting part (113) penetrates,
a stepped projection part (56B) provided at the
knockout pin (53) so as to oppose to the inter-
vention member (58) from below, and
a second lever (44B) configured to follow the
second cam (42B) to rotate between a position
to restrict a lower end of the assist rod (57) from
upwardly shifting and a position to cancel the
restriction.
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