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SPECIFICATION

Lever apparatus having a freely movable fulcrum and

- mechanical apparatus using the same : v/

Technical Field

The present invention relates to a lever apparatus
and, more particularly, to a lever apparatus having a
movable fulcrum and a mechanical apparatus using the
same.
Background Art

Lever apparatuses have been generally used in a
mechanical field such as machine tools and industrial
machines and widely used as force transmitting parts of
movable mechanisms in various other structures. As

. shown in Figs. 1A and 1B, in such a lever apparatus, a
_ . force point c is provided at one end of a lever member
" a axially supported by a fulcrum b fixed on the

ground G. The lever member a is pivoted by means of a
crank arm 2 connected to a driving wheel f, so that a
work force is generated at an action point 4.

- In the conventional lever apparatus, since the
lever member a is axially supported on the fixed fulcrum

b, the loci of both the force point ¢ and the action
" point d draw arcs upon pivotal movement of the lever
~member a. Even if a vertical force acts on the force

point c, as shown in Fig. 1A, this force cannot be
applied along a single straight line. This problem is

' also posed at the action point 4. For this reason, in
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the conventional lever apparatus, in order to convert
linear motion of the force point c into pivotal motion
of the lever member a or convert pivotal motion of the
lever member a into linear motion at the action point g,

~a force point regulator as a combination of an elongated

hole Lc and a roller Rc and an action point regulator as
a combination of an elongated hole Ld and a roller R4,
as shown in Fig. 1A, are used at portions of the force
point ¢ and the action point d, respectively. Ranges W
of motion to be converted are determined by the lengths
of the elongated holes Lc and Ld, respectively, and the

ranges W cannot be increased due to limitations of

mechanical strength. As far as the force transmission
magnitudes are concerned, distances Al and Bl from the
fulcrum b to the force and action points ¢ and d are
changed upon pivotal movement of the lever member a, and
a transmission force is undesirably changed.

A torsion stress is produced at the action point
d upon pivotal movement of the lever member a by a pivot
angle a in a direction indicated by an arrow in Fig. 1B.
Therefore, a force cannot Be effectively transmitted.

In an example shown in Fig. 2, when a force is to
act at a point c to shift an action point 4 downward, an
upper portion of an action point link member h is
distorted in a direction to be bent as indicated by a
dotted line. As a result, a left portion of an upper
end and a right portion of a lower end of a guide hole
of a support guide member i are worn out.

Disclosure of Invention

It is, therefore, an object of the present inven-
tion to provide a lever apparatus capable of increasing
a range of motion for converting force transmission
directions at force and action points and capable of
transmitting a large force with high precision, and a
mechanical apparatus using this lever apparatus.

In order to achieve this object of the present
invention, there is provided a lever apparatus having
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a large degree of freedom of force transﬁission direc-
tions at the force and action points such that the ful-
crum of the lever apparatus pivotally supported at a
stationary point in a conventional structure is movably
pivoted. '

A press apparatus using the lever apparatus of the
present invention comprises a lever member pivotally
supported at a fulcrum, a fulcrum point guide member
for freely movably supporting the fulcrum of the lever
member, a drive mechanism, connected to the lever
member, for applying a driving force to a force point of

~ the lever member, and a head connected to an action

point of the lever member and driven upon operation of
the lever member.

Extensive studies have been made on operations of
lever apparatuses. As a result, the present inventors
found that since the fulcrum which supports the
lever member in the conventional lever apparatus was
stationary, and the lever member was pivoted about
an axis passing through this étationary fulcrum, the
lever member itself was restricted to motion defined
by the stationary fulcrum. In consideration of this
point, the present inventor developed a lever apparatus
wherein a fulcrum which supported a lever member was
freely moved about a movable fulcrum (to be referred to
as a freely movably fulcrum hereinafter) as the center.
Since the fulcrum position of the lever apparatus
according to the present invention is freely movable and
pivotal movement of the lever member is performed, the
fulcrum of the lever member is freely moved in accor-
dance with motion of a force point regulator connected
to the lever member and motion of an action point
regulator. Therefore, the degree of freedom of motion
of the force point regulator and motion of the action
point regulator can be set to be large.

Brief Description of Drawings

Flgs 1A, 1B, and 2 are views showing conventional
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lever apparatuses;

Figs. 3 to 6 are schematic views showing arrange-
ments of different embodiments of lever apparatuses
according to the present invention;

Figs. 7 to 12 are views showing loci of a
fulcrum, a force point, and an action point to explain
an operation of the lever apparatus according to the
present invention;

Figs. 13 to 21 are views showing a press apparatus
arranged ﬁsing the lever apparatus according to the pre-
sent invention;

Figs. 22A and 22B are views showing another example
of fulcrums;

Figs. 23A and 23B are views showing still another
example of fulcrums; '

Figs. 24 and 25 are views showing still another
fulcrums;

Fig. 26 is a view showing a press apparatus
arranged using the fulcrum shown in Fig. 24;

Fig. 27 is a circuit diagram showing an electrical
system of the press apparatus shown in Fig. 26;

Fig. 28 is a view showing ‘a surface grinder'
arranged using the lever apparatus of the present inven-
tion;

Fig. 29 is a block diagram of a control system of

the surface grinder shown in Fig. 28;

Fig. 30 is a view showing an application example of
the lever apparatus used in a building damping appara-
tus; '

Fig. 31 is a block diagram of a control system of
the building damping apparatus shown in Fig. 30;

Fig. 32 is a schematic view showing an application
wherein the lever apparatus of the present invention is
used as a diaphragm pump;

Fig. 33 is a schematic view showing an application
wherein the lever apparatus of the present invention is

‘'used in an automobile shock absorber;
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Fig. 34 is a view showing a force transmission
chain system arranged by connecting the lever apparatus
of the present ipvention to it;

Fig. 35 is a view showing an embodiment wherein the

5 lever apparatus of the present invention is used in a
drive mechanism for an X-Y table; and

Fig. 36 is a view showing an operation locus of the
main part in Fig. 35.

Best Mode of Carrying Out the Invention
10 ' Embodiments of the present invention will be
described below.

A preferred embodiment of a freely movable fulcrum
type lever apparatus according to the present invention
will be briefly described with reference to Figs. 3 to

15 6.

Referring to Figs. 3 to 6, reference numeral 1
denotes a lever member; 2, a fulcrum member for pivo-
tally supporting the lever member 1; 3, a fulcrum guide
member for freely movable supporting the fulcrum member

20 2; 4, a force point regulator pivotally and movably con-
nected to a force point, or one end of the lever member
1 through a connecting member 5; and 6, an action point
regulator pivotally connected to an action point, or the
other end of the lever member 1 through a connecting

25 member 7. Note that the connecting member 5 for con-
necting the lever member 1 and the force point regulator
4 is preferably constituted by a known cam follower type
member having a roller 5b which is in rolling contact
between a pair of guide plates 5a.

30 In each of the embodiments shown in Figs. 3 to 6,
the force point regulator 4 is linearly and vertically

>

moved, and the guide member 3 linearly, horizontally,

and rollingly supports the roller type fulcrum member 2
axially supported on the lever member 1.

35 Each of the embodiments shown in Figs. 3 and 4
employs an internal fulcrum obtained by locating the
fulcrum member 2 between the force point 5 and the
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action point 7 of the lever member 1. In the embodiment
shown in Fig. 3, the action point regulator 6 can be
vertically and linearly moved, as indicated by a locus
in Fig. 7. That is, when the force point regulator 4

is vertically driven, the lever member 1 is pivoted
about the fulcrum member 2. At this time, the fulcrum
member 2 of the lever member 1 is horizontally moved

by a distance X along the guide member 3 upon pivotal

movement of the lever member 1, so that the action point-

regulator 6 is linearly and vertically moved. In the
embodiment shown in Fig. 4, the action point regulator 6
is obliquely and linearly moved. In this embodiment, a
connecting member 7 disposed at the action point of the
lever member 1 is subjected to elliptical motion.

The locus of the action point of the lever appara-
tus having an internal fulcrum can be linear, as shown
in Fig. 7, or elliptical, as shown in Fig. 8 or 9. A
movement distance X of the freely movable fulcrum in
Fig. 9 is smaller than that in Fig. 8.

In the embodiment shown in Fig. 5, the fulcrum
member 2 and the force point regulator 4 are located
at the two ends of the lever member 1, respectively,
and the action point regulator 6 is located at the
intermediate portion of the lever member 1, thus '
constituting an external fulcrum configuration. In
this case, a stroke on the action point side is smaller
than that on the force point side, and a force is
increased.

In the embodiment shown in Fig. 6, the fulcrum
member 2 and the action point regulator 6 are arranged
at the two ends of the lever member 1, and the force
point regulator 4 is arranged at the intermediate
portion of the lever member 1. In this case, the stroke
on the action point side is larger than that on the
force point side, and a fqrce is small.

In the embodiment shown in Fig. 6, the locus of the

_action point regulator 6 is linear, as shown in Fig. 10,
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a force point regulator (4, 32, 36, 85, 86, 95, 130, 131, 156, 170, 185,
193, 196, 216, 217) connected to said force point of said |ever menber for
applying a driving *

-7 -

the force point regulator 4 has a locus of a parabola,
and the fulcrum 2 has a locus of reciprocal motion. A
locus of the action point is elliptical in Figs. 11 and
12,

S : In each of these embodiments described above, since
the fulcrum member 2 is freely moved in accordance
with motion of the force point regulator 4 and motion of
the action point regulator 6 upon pivotal movement of
the lever member 1, degrees of freedom of motion of the

10 force point regulator 4 and that of the action point
requlator 6 are large. The connecting member 5 of the

~ force point regulator 4 is moved to an optimal position
by a sum of kinetic functions of the action point regu-
lator 6 and the fulcrum member 2. For this reason,

15 while a motion range of the action point regulator 6 is
widened, a driving force from the force point regulator
4 can be effectively transmitted to the action point
regulator 6 through the lever member 1.

Motion of the fulcrum member 2, motion of the force

20 point regulator 4, and motion of the action point regu-
lator 6 can be any combination of vertical linear
motion, horizontal linear motion, oblique linear motion,
vertical circular motion, horizontal circular motion,
oblique circular motion, and the like, as needed.

25 The freely movable fulcrum type lever apparatuses
having the above arrangements can be widely used in
machine tools (e.g., a press apparatus), industrial
machines, and movable parts of various other structures.

An embodiment of a press apparatus which employs

30 the lever apparatus of the present invention will be
described with reference to Figs. 13 to 21.

The press apparatus of this embodiment is used to
connect a wire and a compression bonding terminal by
compression bonding.

35 A structure of the press apparatus. will be
described with reference to Figs. 13 and 14.

A main body 22 is mounted on a base 21, and
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force to said force point; an action point regulator ( 45, 89, 121, 1614,
161ib, 211a, 211b) including an

an electric motor 23 is arranged in the main body 22.
A rotating shaft 24 is supported by a bearing 25a in
the main body 22, and a gear 26 is mounted on the
rotating shaft 24 to receive a rotational force from the
5 electric motor 23. An eccentric shaft 27 is mounted at
‘one end of the rotating shaft 24 at an eccentric posi-
tion. A guide member 28 is mounted outside one end of
the main body 22 along the vertical direction. The
eccentric shaft 27 mounted on the rotating shaft 24 is
10 rotatably inserted in a lift member 29 vertically
movably mounted on the guide member 28. A ram 31 is
_ inserted inside a holder 30 arranged in the 1lift member
29. The ram 31 can be vertically moved along a rail 29b
formed on the lift member 29. An adjusting screw 51
15 mounted in an upper end portion 29a of the 1lift member
29 is threadably engaged with the upper end portion of
the ram 31 to regulate the lower position of the ram 31.
A vertically movable cam 32 having a bobbin-like shape
is mounted in a lower portion of the ram 31 and is sup-
20 ported upward by a nut 33 threadably engaged with
a threaded portion 3la formed at the lower end portion
of the ram 31. The ram 31 is urged urged against the
upper side of the cam 32 by a compression coil spring
34. In the driving mechanism having the above arrange-
25 ment, upon driving of the elecfric motor 23, the
rotating shaft 24 is rotated through the gear 26, and
the eccentric shaft 27 is eccentrically rotated about
the rotating shaft 24. Upon eccentric rotation of the
eccentric shaft 27, the lift member 29 is vertically
30 moved along the guide member 28. The ram 31 and the cam
32 are vertically moved together with the lift member
29. The lift member 29 and the ram 31 function as the
force point regulator.
A lever member 35 is disposed at a position near
35 the ram 31 on the base 21 in a direction perpendicular
to the rotating shaft.24. As shown in Figs. 15 and 16,
a fulcrum shaft 39 is mounted at an intermediate portion
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of the lever member 35 in a direction perpendicular to
the longitudinal direction of the lever member 35.
Fulcrum rollers 38 are rotatably arranged at the two
ends of the fulcrum shaft 39. Guide members 40 are
mounted on the base 21 at positions respectively
corresponding to both sides of the lever member 35.
The fulcrum rollers 38 of the lever member 35 are
rdtatably and movably inserted into guide grooves 41
respectively formed in guide members 40 along the
horizontal direction. The lever member 35 is pivoted
about the fulcrum shaft 39 in a vertical plane and can

~ be freely moved along the guide grooves 41 through the

rollers 38. Horizontal shafts 37 are mounted in the
arms of a Y-shaped portion 35a formed at a one-end
portion of the lever member 35. Rollers 36 are rot-
atably mounted on the shafts 37, respectively. The
Y-shéped portion 35a of the lever member 35 sandwiches

_ both sides of the cam 32 of the ram 31, so that the

rollers 36 are rotatably and movably fitted in the cam
32.

A pair of heads 42 and 43 are disposed at positions
near the lever member 35 on the base 21. As shown in
Figs. 17 and 18, the heads 42 and 43 resemble a wrench
head. The heads 42 and 43 are pivotally mounted through
pivot shafts 45 and 46 to a common connecting member 44
located at the intermediate portions of the heads 42 and
43 and can be opened/closed. The heads 42 and 43 have
projections 42a and recesses 43a which are adapted to
engage with each other. The heads 42 and 43 are mounted
on a head table 47 on the base 21 such that the proximal
portions of the heads 42 and 43 are directed toward the
lever member 35, one head 43 is horizontally located as
a lower head, and the lower head 43 is fixed by bolts
48. The proximal end portion of the upper head 42 is
rotatably connected to the other end of the lever member
35 through a connecting shaft 49. Note that the proxi-
mal end portion of the lower head 43 is connected to the

This Sheet Has Been Replaced




applying an action force to said action receiving member when a driving
force is applied to said force point;
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head table 47 through a connecting shaft 50.

An operation of the press apparatus having the
above structure will be described with reference to
Fig. 18 to Fig. 2.

As shown in Fig. 20, Fig. 2, and Fig. 17, the upper
head 42 is open to set a wire S and a compression
bonding terminal (not shown) in the recess 43a of the
lower head 43, as shown in Fig. 17. 1In this case, the
eccentric shaft 27 in the driving mechanism is moved to
the top dead point to move the ram 31 upward. As shown
in Pig. 18, the rotating shaft 24 is rotated to move the

- 27 to the bottom dead point to move the ram 31 downward.

15

20

25

30

35

Upon downward movement of the ram 31, this motion is
transmitted to the lever member 35 through the cam 32
and the rollers 36. The lever member 35 is pivoted
clockwise about the fulcrum shaft 39. At the same time,
the fulcrum roller 38 is moved toward the head along the
guide grooves 41 of the guide members 40, and the lever
member 35 is thus freely moved accordingly. In this
case, by a combination of the cam 32 and the rollers 36,
the lever member 35 can be moved relative to the ram 31.
Upon pivotal and movable operations of the lever member
35, the upper head 42 is pivoted counterclockwise about
the pivot shaft 45. The projection 42a compresses

the wire S and the compression bonding terminal (now
shown) which are set in the recess 43a of the head

43, thereby compression-bonding the wire S to the
compression-bonding'terminal. Note that the connecting
member 44 is also operated about the pivot shaft 46.

Upon completion of compression bonding, the rotat-
ing shaft 24 is rotated to move the eccentric shaft 27
to the top dead point. In this case, the operations are
opposite to those described above.

A compression bonding force is adjusted by adjust-
ing the position of the ram 31 by the adjusting screw
51. Degrees of openings between the heads 42 and 43 are
adjusted by adjusting the nut 33, as shown in Figs. 20

This Sheet Has Been Re|p1aced
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and 21, to change the length A or B of a spring 34.

Since the lever member 35 is supported by the ful-
crum 39 to perform a combination of pivotal and movable
operations, the head 42 can be efficiently operated for
compression bonding upon motion of the ram 31. The
motion of the lever member 35 can absorb unnecessary
motion of each part, i.e., backlash. The motion of the
ram 31 can be transmitted to the head 42 without any
waste, and a slow operation can be performed. The force
of the ram 31 can be effectively transmitted while sys-
tematic operations are performed.

In this embodiment, the ram 31 is connected to the
lever member 35 by a combination of the cam 32 and the
rollers 36. This arrangement has an advantage in that a
large mechanical strength can be obtained, in unneces-
sary motion can be absorbed, and motion transmission
can be performed without any loss.

The present invention is not limited to the above
embodiments, but can be changed and modified in a vari-
ety of applications.

In the freely movable fulcrum type lever appafatus
of the present invention, as described above, the lever
member is supported Sy a movable fulcrum, and the range
of motion of the force point regulator connected to the
lever member and the range of motion of the action point
regulator can be largely increased.

In the press apparatus of the present invention,
the lever member supported by the fulcrum is used to
systematically and properly perform a press operation by
causing the heads to perform motion suitable for the
press operation.

In the lever apparatus used in the press apparatus
shown in Fig. 16, the fulcrum rollers 38 mounted on the
support shaft 39 are in rolling contact with the guide
grooves 41, thereby constituting the freely movable
fulcrum. In a structure shown in Figs. 22A and 22B,
w1thout us1ng the fulcrum roller, a lever member 65

|\
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is pivotally supported by a fulcrum shaft 64 inserted
into holes formed in sliders 62a and 62b inserted into
guide grooves 63a and 63b formed in guide members 6la
and 61b of a freely movable fulcrum regulator. One end
of the lever member 65 is connected to a slider 67
through a shaft 66 inserted into holes of the slider 67
in the same manner as the support point shaft 64.

The slider 67 is slidably inserted between guide members -
68a and 68b of a force point regulator. The other end
of the lever member 65 is connected to an action point
member 70 through a shaft 69. The action point member

70 is inserted into a guide member 71 of the action

point regulator fixed on the ground and is regulated to
perform linear motion. In this case, the outer surfaces
of the sliders 62a, 62b, and 67 are finished with high
precision, and the inner surfaces of the guide grooves
63a, 63b, 68a, and 68b are smoothed to reduce frictional
forces, thus posing little practical problems. In
particular, as shown in Fig. 23A, since a force trans-
mitted to the shaft 66 is always transmitted
perpendicularly, no torsion stress in the conventional
arrangement shown in Fig. 1A is generated.

However, in order to smooth movements of the sli-
ders 62a, 62b, and 67, a plurality of ball bearings 72
can be inserted between the guide grooves 63a and 63b
and the sliders 62a and 62b, as shown in Figs. 23A and
23B. Note that rollers may be used in place of ball '
bearings.

Figs. 24 and 25 show other embodiments of freely
movable fulcrum structures. 1In the embodiment of
Fig. 24, a fulcrum shaft 80 is mounted on a support mem-
ber 81, and a lever member 82 is pivotally supported on
this fulcrum shaft 80. The support member 81 is fitted
in a bearing groove formed on a bed 83 fixed on the
ground G. The support member 81 is movable through ball
bearings 84 inserted between the support member 81 and

the bearlng groove in a direction indicated by an arrow.
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One end of the lever member 82 is connected to a driving
shaft 87 through a cam follower type connecting member
having a roller 86 inserted between guide plates 85 of
the force point regulator. The other end of the lever
member 82 is connected to a link rod 90 supported on an
action point regulator 89 through a shaft 88. 1In the
movable fulcrum formed as described above, fulcrum shaft
80 is not moved but the support member 81 is freely
moved on the bearings 84.

In the embodiment of Fig. 25, a lever member 82
pivotally supported on a fulcrum shaft 80 is movably

~ supported in a direction of straight rails 84a on a

support member 81 placed on a bed 83 fixed on the ground
G through the rails 84a, thereby constituting a freely
movable fulcrum.

Fig. 26 shows a press apparatus having a lever
apparatus having the fulcrum with the structure shown
in Fig. 24. This press apparatus has substantially the
same arrangement as that of the press apparatus shown
in Figs. 13 and 14, but is different therefrom in an
arrangement of a movable fulcrum of the lever apparatus.
In the press apparatus shown in Fig. 13, the lever
member 35 is pivotally supported by the fulcrum shaft 39
on the rollers 38 which are in rolling contact with the
fulcrum grooves 41 formed in the fulcrum member 40. 1In
the press apparatus of Fig. 26, however, the structure
of the fulcrum of the lever apparatus is identical to
that shown in Fig. 24. A lever member 90 is pivotally
supported by a fulcrum shaft 92 on a support member 91.
The support member 91 is freely movable held on a main
body 94 through ball bearings 93.

One end of the lever member 90 is connected to a
vertical driving shaft 96 through a cam follower struc-
ture 95 serving as a force point. The lower end of the
vertical driving shaft 96 is connected to an eccentric
shaft 98 through a crank mechanism 97. Upon rotation of
the eccentric shaft 98, the vertical driving shaft 96 is
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vertically moved. One end of the eccentric shaft 98 is
connected to an electric motor 99 through a power
transmission mechanism 100 such as a gear unit and is
driven and rotated. ' .

The other end of the lever member 90 is connected
to a 1ift member 102 through a shaft 101 serving as an
action point, and a head 103 mounted on the 1lift member
102 is vertically driven, as shown in Fig. 26. In this
embodiment, a rotational force of the electric motor 99
is transmitted to the lever apparatus through each link
mechanism. A flywheel and the like need not be used,

~unlike in the conventional apparatus. The apparatus can

be made compact, and at the same time, a mechanical
power can be smoothly transmitted to the head 103
through the lever apparatus having the freely movable
fulcrum.

Fig. 27 is a circuit diagram for driving and
controlling the press apparatus shown in Fig. 26.
Referring to Fig. 27, one terminal of an AC power source
110 is connected to one terminal of a parallel circuit
of a timing switch 112 and a foot switch 113 through a
power switch 111. The other terminal of this parallel
circuit is connected to one terminal of a motor 99
through a slight movement setting switch 114. The power
switch 111 is connected to one terminal of the motor 99

_through a slight movement switch 115. The motor 99 is

connected in parallel with a brake 116. The timing
switch 112 is used to stop the head 103 at an upper
position after the head 103 is moved downward and is
then moved upward upon completion of a predetermined
work. The timing switch 112 is, e.g., a limit switch
mounted at the upper limit position of the 1lift member
102. The switch 112 is kept off only at this upper
limit position. The slight movement setting switch 114
is normally ON. The slight movement setting switch 114
is turned off to slightly move the head 103. As a

result, the motor 99 can be freely driven to slightly

heet Has Been RTlaced

T



.

a-forée poi nt gui de neans (5a, 32, 68a, 68b, 85, 130, 216) for
rectilinearly guiding said follower means along a second translation axis
fixed relative to said force point *

10

15

20

25

30

35

This Sheet Has Been Rerla

W

(]

- 15 -~

move the head regardless of the ON/OFF states of the
switches 112 and 113. A counter 117 is arranged to
count the number of driving cycles of the motor 99,
i.e., the number of press operation cycles of the head
103, as needed.

Fig. 28 shows an application in which the pre-
sent invention is applied to a surface grinder having
a stroke adjustable fulcrum point as a movable fulcrum.

Referring to Fig. 28, a head 120 is supported
through bearings 122 so that the head 120 can be

' smoothly moved along a support member 121 on the

horizontal plane. A lower portion of the head 120 is
axially supported at one end of a lever member 124 by a
shaft 123 serving as an action point. The lever member
124 is connected to a fulcrum member 126 engaged with a
screw rod 125. The fulcrum member 126 is movably and
pivotally mounted on the ground G through a linear
bearing mechanism 127. The screw rod 125 is connected
to a rotating shaft of a motor 129 mounted on the lever
member 124 through a gear unit 128.

The other end of the lever member 124 is connected
to a linear bering mechanism 130 through a shaft 131
serving as a force point. The linear bearing mechanism
130 is connected to a servo motor 134 through a crank
shaft 132 and a crank mechanism 133.

In the above arrangement, a rotational force of the
servo motor 134 is converted into a linear motion through
the mechanisms 132 and 133, and the linear motion is
transmitted to the shaft 131 serving as a force point of
the lever member 124. Therefore, the lever member 124
is supported by the fulcrum member 126 and linear bear-
ing mechanism 127 and is pivoted so that the bed 120 can
be smoothly moved in the horizontal direction.

In this case, when the motor 129 is driven, the
screw rod 125 is rotated through the gear unit 128, and
the fulcrum shaft 126 is freely moved on the bearing 127
to change a distance between the shafts 123 and 131,
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thereby changing a stroke of the bed 120.
Fig. 29 is a block diagram of an electrical control
system of surface grinder shown in Fig. 28. Referring
to Fig; 29, the servo motor 134 and the brake motor 129
5 are driven by outputs from a servo motor control output
circuit 141 and a movable fulcrum point variable brake-
motor output circuit 142 which are controlled by a CPU
140. A speed of the servo motor 134 is detected by a
servo input encoder 143, and a detection signal is input
10 to the CPU 140. A rotation state of the brake motor 129
is detected by an encoder 144, and a detection signal is
~ input to the CPU 140. ' |
The CPU 140 is connected to a ROM/RAM 145, programs
of the entire system are stored, and input data are also
15 stored. An output from a control console through a
keyboard interface 148 is output to the CPU 140 through
a bus line 146. Various types of data stored in the
RAM 145 are supplied from the CPU 140 to a CRT 150
through a display output interface 149 and are displayed
20  on the CRT 150. |
Fig. 30 shows an embodiment in which the lever
apparatus of the present invention is applied to a
building damping apparatus. A crank shaft 132 identical
to that of Fig. 28 is connected to a crank mechanism and
25 a servo motor (neither are shown) through a shaft sup-
port member 155. One end, i.e., a force point side, of
a lever member 157 is connected to one end of the crank
shaft 132 through a cam follower mechanism 156. A ful-
crum 158 of the cam follower mechanism is formed at the
30 central portion of the lever member 157. The other end
serﬁing as an action point is connected to a damping
block 160 through a pin 159. The damping block 160 is
movably held on straight rails 16la and 161b. The
straight rails 161a and 161b are fixed at positions
35 having a maximum magnitude at the time of earthquake
occurrence, e.g., on a middle floor of a skyscraper.
'An operation of the damping apparatus will be
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b

relative to ground and perpendicular to said first pivot axis and to said
second translation axis, to apply said driving force to said force point.

- 17 -

described with reference to Fig. 31. When an earthquake
occurs to vibrate a building, vibrations are detected by
a vibration sensor 162, and magnitude and direction data
of the vibrations are supplied to the CPU 140. The CPU
5 140 sends a driving signal to a servo motor 134 through
a servo motor control circuit 141 in the same manner as
in Fig. 28 to drive a damping block 160 to move in an
opposite direction with an identical magnitude to cancel
the vibration of the building. A movement amount of the
10 damping block 166 is detected by an encoder 143 as rota-
tional amount and direction of the servo motor 134.
Earthquake vibrations generally occur several
cycles per second. It is easy to move the damping block
160 at this speed. In a conventional damping apparatus,
15 the damping block 160 is moved by using a feed screw,
and the response speed is low. In addition, since the
block 160 is extremely heavy, the mechanical strength
of the feed screw is not sufficient. As a result, a
sufficient damping effect cannot be obtained. However,
20 ‘'as in this embodiment, a good result can be obtained
by a combination of the lever apparatus having a freely
movable fulcrum and the straight rails 16la and
161b.
Fig. 32 shows an application in which the lever
25 apparatus of the present invention is used in a driving
mechanism for a diaphragm pump. A lever member 171
which receives a pivotal force from a cam follower type
force point regulator 170 in a direction of an arrow is
pivoted about a fulcrum 172. A diaphragm 175 of the
30 diaphragm pump is vertically driven through an action
point regulator 174 connected to an action point 173.
Fig. 33 shows an application in which the lever
apparatus of the present invention is applied to
an automobile shock absorber. Referring to Fig. 33,
35 an action point of a lever member 183 is pivotally
supported by a link 182 for connecting an automobile
shock absorber 180 and an automobile wheel 181. The
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2.

y

_ A movabl e fulcrumtype lever apparatus according to claim1, wherein
saf"d force point follower means includes a roller (5b, 36, 86, 95 217)
pivotally connected at
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lever member 183 is connected to a force point regulator
185 through a freely movable fulcrum 184. The force
point regulator 185 is connected to a servo motor 187
through a crank shaft 186 in the same manner as in the
damping apparatus shown in Fig. 30. The fulcrum 184
and the servo motor 187 are fixed on an automobile body
G.

The principle of the automobile shock absorber
is substantially the same as that of damping for a
building. Motor driving with the arrangement shown in
Fig. 31 is performed to effectively absorb automobile

vibrations.

In each of the embodiments described above, only
one lever apparatus of the present invention is used.
However, two or more lever apparatuses may be combined
to constitute a force transmission system, as shown in
Fig. 34. A first lever apparatus 190 has a lever membexr
192 supported by a fulcrum 191, and a force acting on a
first force point 193 is transmitted from a first action
point 194 to a second force point regulator 196 through
a link 195. The force transmitted to the second force
point regulator 196 is transmitted to a second action
point regulator 199 through a fulcrum 198 of a second
lever apparatus 197. All support portions indicated by
G are represented by the ground.

Two or more fulcrums are used to constitute a chain
system of the lever apparatuses to freely set a force
transmission direction.

Fig. 35 shows an application of an X, Y table using
the pivot lever apparatus of the present invention. In
this arrangement, a table 210 can be moved along rails
211a and 211b along the X direction. The arrangement
and operation in the Y direction can be made in the same
manner as in the X direction, and are omitted. The
table 210 is axially supported at one end of a lever
member 213 through a shaft operated as an action point.
A roller 217 in a driving guide member 216 serving as




N 1

sai.d force point of said |ever nmenber (1, 35, 82, 157, 171, 183, 192, 213),
and said force point guide neans includes a pair of guide plates (5a, 32,
85, 158, 216) .

- 19 -

.3 force point of a ball screw rotation feed mechanism
215 is mounted at the other end of the lever member 213
through a fulcrum 214. The guide member 216 is
threadably engaged with a ball screw 219 driven by a
5 motor 218.
Fig. 36 shows a motion locus of each portion in
Fig. 35. When the ball screw 219 is fed, e.g., every
10 pm, an action point 212, i.e., the table 210, is
moved every 2 ym. The roller 217 serving as a force
10 point is moved within the guide member 216 and has an
arcuated locus. The fulcrum 214 is freely moved by w
~in response to feeding of the ball screw 219 by 80 um.
The action point 212 is moved by 16 pym (= 80/5).
When the X, Y table is arranged as described above,

15 the table 210 is driven with very high precision. The
X, Y table can be used in a semiconductor wafer exposure
apparatus.
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bet ween which said roller is in rolling contact. 3. A nmovabl e ful crum
type | ever apparatus according to claim1l, wherein said force
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Claims:

1. A movable fulcrum type lever apparatus comprising a
lever member pivotally supported by a fulcrum, a force
point regulator connected to one end of said lever
member, an action point regulator connected to the other
end of said lever member, wherein the fulcrum is freely
movable arranged. | _

2. A press apparatus comprising a lever member pivota-
1ly supported by a fulcrum, a fulcrum guide member for
movably supporting the fulcrum of said lever member, a

~ drive mechanism, connected to one end of said lever

member, for applying a driving force to said lever
member, and a head driven upon operation of said lever
member.

3. A movable fulcrum type lever apparatus according to
claim 1, wherein the fulcrum has a fulcrum member having
a fulcrum guide groove and a roller inserted in rolling
contact with said roller, and said lever member is pivo-
tally supported on a rotating shaft for said roller.

4. A movable fulcrum type lever apparatus according to
claim 1, wherein the fulcrum has a fulcrum member having
a fulcrum guide groove and a slider inserted in said
guide groove, and said lever member is pivbtally sup-
ported on said slider.
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point'follomer means includes a regulator slider (67) pivotally connected

at> said force point of said | ever nenber (1, 35, 157, 171, 183, 192, 213);
and said force point *

-1 -
Abstract:

A movable fulcrum type lever apparatus comprising a
lever member pivotally supported by a movable fulcrum.
one end of the lever member (1) is connected to a force
point regulator (4), and the other end is connected to

5 an action point regulator (6). The fulcrum point (2)
includes a roller which is in rolling contact with a

" fulcrum guide groove of a fulcrum guide member (3), and

the lever member (1) is pivotally supported on a roller
shaft.

10 Alternatively, the fulcrum includes a slider
inserted in the fulcrum guide groove. In this case, the
lever member (1) is pivotally supported on the slider.
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gui-de neans includes a pair of guide plates (68a, 68b) between which said
regul ator slider noves in sliding contact.
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4. A nmovabl e ful crumtype | ever apparatus according to one of clains 1
to-3, charac- terized in that said ful crumneans includes a ful crum shaft
(39) for pivotally suppor- *

2/28

FIG 3
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ting said | ever nenber at said fulcrumpoint, and a fulcrumroller (2, 38)
receiving said ful crumshaft acting as a rotating shaft of
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said roller; and that said fulcrumroller is inserted in a ful crum guide
groove neans (3, 40, 41) such

-

4/28

AN
\

a0
2 N %
X | \%
Z
<
C
X

FIG. 7

This Sheet Has Been Re’ilaced




FIG. 8



6/28

 FIG.9

This Sheet Has Been

[N



- 22 -

- 7/28

Sheet Has Been Replaced

||IIII|| |II||| Il IIII




5. A novabl e ful crumtype | ever apparatus according to one of clains 1

to-3, charac- terized in that said ful crumneans includes a ful crum slider
(62a, 62b, 81, 91, 127). N

8/28

FIG. 11
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inserted in a ful crum gui de groove neans (61, 63, 83, 84) in a freely
novabl e manner al ong said gui de groove; and

9/28

FIG. 12
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thag said fulcrumslider has a hole therein and wherein a ful crum shaft
(64, 80, 92, 126) isinserted in said hoIe for pivotally supporting said
| ever nenber at said
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ful crum point. 6. A nmovabl e ful crumtype | ever apparatus according to
claim4 or 5, characterized in
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that said fuI crum gw de groove neans |s fixed and fornmed between a pair of
gui de plates (40, 6la, 61b).

12/28

I S et N e, |
HI:———————’—-—----{:]'I ~
ot
7 ag’ 1_35 38
—35a
37

Sheet Has Been Reﬂlaced

l

HI||||I III||| Ik



7. A nmovabl e ful crumtype | ever apparatus according to clains 5 or 6,
chraracterized in that said ful crumnmeans further includes a plurality of _
bal | bearings (72, 84, 93, 127)
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i nserted between sai d ful crum gui de groove neans (6la, 61b, 83, 94) and
said ful crumslider (62a, 62b, 81, 91). :
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8. A novabl e ful crumtype | ever apparatus according to one of clains 5
to'7, charac- terized in that said ful crumneans further incl udes a
pIurallty of rails (84a, 93) :
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I nserted between said guide groove neans and said slider.

SHEET 9. A press apparatus conpri sing:
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a base (21); a nafn body (22) nmounted on said base; a driving nmechani sm
(23, 28, 29, 30) for generatlng a driving force, said
(23) including a
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mot or nounted in the mai n body; a pressing head (42) for pressing a work
pi ece to be pressed; and a novable ful crumtype | ever device for
transmtting the driving
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force generated fromsaid driving mechanismto said pressing head; wherein
said novable fulcrumtype | ever apparatus conpri ses:
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a |l ever nenber (35) having a force point (37), a ful crum point (39) and an
action
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- 23 point (49) coupled to said pressing head;
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A

ful~cr'um means (38, 39) for pivotally supporting said | ever nenber at said
ful crum point about a first pivot axis perpendicular to said |ever;
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fulpfun1guide means (40, 41) nounted on said base for guiding said ful crum
nmeans in a plane perpendicular to said first pivot axis;

-

24/28

140 141
§ /

CPU- ROM /RAM

162
{

VIBRATION
. SENSOR

141 134
J {

CONTROL.
CIRCUIT MOTOR

143

(

ENCODER

FIG. 31

This Sheet Has Been Relilaced




e

a fpfbe poi nt regulator (32, 36) connected to said force point of said
| ever nenber for applying said driving force to the force point
perpendicularly to said first pivot
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T

axi s an action point regulator (42, 45) including an action point
cofinecti ng nenber (49)
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Y

for ﬁivotally connecting said action point to said pressing head rel ative
to”an action point pivot axis parallel to said first pivot axis and for
applying an action force to an *
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actlbn recei ving rrenber (42) when said driving force is applled to said
fofce point; characterized in that

28/28

217

FI1G 36

L 2{0

6d¢da
¢6ééad

This Sheet Has Been Re[ilaced

(IR




L

i 3

10

15

20

x

Il

ééﬁﬁ;fxgbkun1guide means gui des said ful crum nea cE}I %E!I ng
first translation axis which is fixed relative t und; éff __a()

o

REPLACEMENT SHEETS SG
[ Description : paged .|.. to paged L)
H Claim(s)  : paged 2°. to paged ...
o Drawing(s) : paged .\[%%o pagzd %%
& Abstract  : paged .2l to paged .7

THIS SHEET HAS BEEN |
REPLACED DATE OF RECEPT... (%%

SPECIFICATION

Lever apparatus having a freely movable fulcrum and
- mechanical apparatus uUsing the” same

same.
Background Art

Clii

Technical Field

The present invention relates to a lever apparatus

and, more particularly, to a lever apparatus having a
movable fulcrum and a mechanical apparatus using the

Lever apparatuses have been generally used in a

mechanical field such as machine tools and industrial
machines and widely used as force transmitting parts of
movable mechanisms in various other structures. Aas
shown in Figs. 1A and 1B, in such a lever apparatus, a
force point c is provided at one end of a lever member
a axially supported by a fulcrum b fixed on the

ground G. The lever member a is pivoted by means of a
crank arm 2 connected to a driving wheel £, so that a
work force is generatéd at an action point g.'

In the conventional lever apparatus, since the

lever member a is axially supported on the fixed fulcrum
b, the loci of both the force point ¢ and the action
point 4 draw arcs upon pivotal movement of the lever
member a. Even if a vertical force acts on the force
point c, as shown in Fig. 1A, this force cannot be
applied along a single straight line. This problem is
also posed at the action point 4. For this reason, in

‘Has Been Replaced This is the replacement sheet
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ang |n that said force point regulator includes: a regulator—et+er (36)
rotatably nounted at said force point of said | q»mi@ﬁﬂEbBEEN
REPLACED

the conventional lever apparatus, in order to convert
linear motion of the force point c into pivotal motion
of the lever member a or convert pivotal motion of the
lever member a into linear motion at the action point g,
5 a force point regulator as a combination of an elongafed
hole Lc and a roller Rc and an action point regulator as
a combination of an elongated hole Ld and a roller R4,
as shown in Fig. 1A, are used at portions of the force
point c and the action point d, respectively. Ranges W
10 of motion to be converted are determined by the lengths
of the elongated holes Lc and Ld, respectively, and the
~ ranges W cannot be increased due to limitations of
mechanical strength. As far as the force transmission
magnitudes are concerned, distances Al and Bl from the
15 fulcrum b to the force and action points ¢ and 4 are
changed upon pivotal movement of the lever member a, and
a transmission force is undesirably changed.

‘A torsion stress is produced at the action point

d upon pivotal movement of the lever member a by a pivot
20 angle a in a direction indicated by an arrow in Fig. 1B.
Therefore, a force cannot be effectively transmitted.

In an example shown in Fig. 2, when a force is to
act at a point ¢ to shift an action point d downward, an
upper portion of an action point link member h is

25 distorted in a direction to be bent as indicated by a
dotted line. As a result, a left portion of an upper
end and a right portion of a lower end of a guide hole
of a support guide member i are worn out.

Disclosure of Invention

30 It is, therefore, an object of the present inven-
tion to provide a lever apparatus capable of increasing
a range of motion for converting force transmission
directions at force and action points and capable of
transmitting a large force with high precision, and a

35 mechanical apparatus using this lever apparatus.

In order to achieve this object of the present
invention, there is provided a lever apparatus having
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rojati on about a second pivot axis parallel to said first pivot axi

patr of guide plates (32) between which the regul at Opiette .fﬁquEENIIing
contact for £

-3 -

a large degree of freedom of force transmission direc-
tions at the force and action points such that the ful-
crum of the lever apparatus pivotally supported at a
stationary point in a conventional structure is movably

5 pivoted. _

A press apparatus using the lever apparatus of the
present invention comprises a lever member pivotally
supported at a fulcrum, a fulcrum point guide member
for freely movably supporting the fulcrum of the lever

10 member, a drive mechanism, connected to the lever
member, for applying a driving force to a force point of

~ the lever member, and a head connected to an action
point of the lever member and driven upon operation of
the lever member. '

15 Extensive studies have been made on operations of
lever apparatuses. As a result, the present inventors
found that since the fulcrum which supports the
lever member in the conventional lever apparatus was
stationary, and the lever member was pivoted about

20 an axis passing through this stationary fulcrum, the
lever member itself was restricted to motion defined
by the stationary fulcrum. In consideration of this
pbint, the present inventor developed a lever apparatus
wherein a fulcrum which supported a lever member was

25 freely moved about a movable fulcrum (to be referred to
as a freely movably'fulcrum hereinafter) as the center.
Since the fulcrum position of the lever apparatus
according to the present invention is freely movable and
pivotal movement of the lever member is performed, the

30 fulcrum of the lever member is freely moved in accor-
dance with motion of a force point regulator connected
to the lever member and motion of an action point
regulator. Therefore, the degree of freedom of motion
of the force point regulator and motion of the action

35 point regulator can be set to be large.

Brief Description of Drawings
Figs. 1A, 1B, and 2 are views showing conventional

This is the replacement shoet
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re;tilhnearly guiding said force point relative to said guide plates along
a second translation axis fixed relative to said plates and crossing said
flrst transl ati on axis;

- 4 -

lever apparatuses;

Figs. 3 to 6 are schematic views showing arrange-
ments of different embodiments of lever apparatuses
according to the present invention;

5 Figs. 7 to 12 are views showing loci of a
fulcrum, a force point, and an action point to explain
an operation of the lever apparatus according to the
present invention;

Figs. 13 to 21 are views showing a press apparatus

10 arranged using the lever apparatus according to the pre-
sent invention;

Figs. 22A and 22B are views showing another example
of fulcrums;

FPigs. 23A and 23B are views showing still another

15 example of fulcrums;

Figs. 24 and 25 are views showing Stlll another
fulcrums;

Fig. 26 is a view showing a press apparatus
arranged using the fulcrum shown in Fig. 24;

20 Fig. 27 is a circuit diagram showing an electrical
system of the press apparatus shown in Fig. 26;

Fig. 28 is a view showing a surface grinder
arranged using the lever apparatus of the present inven-
tion;

25 Fig. 29 is a block diagram of a control system of
the surface grinder shown in Fig. 28;

Fig. 30 is a view showing an application example of
the lever apparatus used in a building damping appara-
tus; -

30 Fig. 31 is a block diagram of a control system of
the building damping apparatus shown in Fig. 30;

Fig. 32 is a schematic view showing an application
wherein the lever apparatus of the present invention is
used as a diaphragm pump;

35 Fig. '33 is a schematic view showing an application
wherein the lever apparatus of the present invention is
used in an automobile shock absorber;
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Fig. 34 is a view showing a force transmission
chain system arranged by connecting the lever apparatus
of the present invention to it;

Fig. 35 is a view shoWing an embodiment wherein the
lever apparatus of the present invention is used in a
drive mechanism for an X-Y table; and

Fig. 36 is a view showing an operation locus of the
main part in Fig. 35. '

Best Mode of Carrying Out the Invention

Embodiments of the present invention will be
described below. '

A preferred embodiment of a freely movable fulcrum
type lever apparatus according to the present invention
will be briefly described with reference to Figs. 3 to
6.

Referring to Figs. 3 to 6, reference numeral 1
denotes a lever member; 2, a fulcrum member for pivo-
tally supporting the lever member 1; 3, a fulcrum guide
member for freely movable supporting the fulcrum member
2; 4, a force point regulator pivotally and movably con-
nected to a force point, or one end of the lever member
1 through a connecting member 5; and 6, an action point
regulator pivotally connected to an action point, or the
other end of the lever member 1 through a connecting
member 7. Note that the connecting member 5 for con-
necting the lever member 1 and the force point regulator
4 is preferably constituted by a known cam follower type
member having a roller 5b which is in rolling contact
between a pair of guide plates 5a.

In each of the embodiments shown in Figs. 3 to 6,
the force point regulator 4 is linearly and vertically
moved, and the guide member 3 linearly, horizontally,
and rollingiy supports the roller type fulcrum member 2
axially supported on the lever member 1.

Each of the embodiments shown in Figs. 3 and 4
employs an internal fulcrum obtained by locating the
fulcrum member 2 between the force point 5 and the
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action point 7 of the lever member 1. In the embodiment
shown in Fig. 3, the action point regulator 6 can be
vertically and linearly moved, as indicated by a locus

in Fig. 7. . That is, when the force point regulator 4

is vertically driven, the lever member 1 is pivoted
about the fulcrum member 2. At this time, the fulcrum
member 2 of the lever member 1l is horizontally moved

by a distance X along the guide member 3 upon pivotal
movement of the lever member 1, so that the action point
regulator 6 is linearly and vertically moved. 1In the
embodiment shown in Fig. 4, the action point regulator 6

~is obliquely and linearly moved. In this embodiment, a

connecting member 7 disposed at the action point of the
lever member 1 is subjected to elliptical motion.

The locus of the action point of the lever appara-
tus having an internal fulcrum can be linear, as shown
in Fig. 7, or elliptical, as shown in Fig. 8 or 9. A
movement distance X of the freely movable fulcrum in
Fig. 9 is smaller than that in Fig. 8.

In the embodiment shown in Fig. 5, the fulcrum
member 2 and the force point regulator 4 are located
at the two ends of the lever member 1, respectively,
and the action point regulator 6 is located at the
intermediate portion of the lever member 1, thus '
constituting an external fulcrum configuration. 1In
this case, a stroke on the action point side is smaller
than that on the force point side, and a force is
increased. o

In the embodiment shown in Fig. 6, the fulcrum
member 2 and the action point regulator 6 are arranged
at the two ends of the lever member 1, and the force
point regulator 4 is arranged at the intermediate
portion of the lever member 1. In this case, the stroke
on the action point side is larger than that on the
force point side, and a force is small.

In the embodiment shown in Fig. 6, the locus of the
action point regulator 6 is linear, as shown in Fig. 10,
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- 24 - and perpendicular to said first pivot axis and to said second
translation axis, to apply

the force point regulator 4 has a locus of a parabola,
and the fulcrum 2 has a locus of reciprocal motion. A
locus of the action point is elliptical in Figs. 11 and
12, '

5 In each of these embodiments described above, since
the fulcrum member 2 is freely moved in accordance
with motion of the force point regulator 4 and motion of
the action point regulator 6 upon pivotal movement of
the lever member 1, degrees of freedom of motion of the

10 force point regulator 4 and that of the action point '
regulator 6 are large. The connecting member S5 of the

. force point regulator 4 is moved to an optimal position
by a sum of kinetic functions of the action point regu-
lator 6 and the fulcrum member 2. For this reason,

15 while a motion range of the action point regulator 6 is
widened, a driving force from the force point regulator
4 can be effectively transmitted to the action point
regulator 6 through the lever member 1.

Motion of the fulcrum member 2, motion of the force

20 point regulator 4, and motion of the action point regu-
lator 6 can be any combination of vertical linear
motion, horizontal linear motion, oblique linear motion,
vertical circular motion, horizontal circular motion,
oblique circular motion, and the like, as needed.

25 The freely movable fulcrum type lever apparatuses
having the above arrangements can be widely used in
machine tools (e.g., a press apparatus), industrial
machines, and movable parts of various other structures.

An embodiment of a press apparatus which employs

30 the lever apparatus of the present invention will be
described with reference to Figs. 13 to 21.

The press apparatus of this embodiment is used to
connect a wire and a compression bonding terminal by
compression bonding.

35 A structure of the press apparatus will be
described with reference to Figs. 13 and 14.

A main body 22 is mounted on a base 21, and

([ | m—

me



4 L

sajl.d driving force to said force point. 10. A press apparatus according
toclaim9, characterized in that said ful crum neans -

-8 -

an electric motor 23 is arranged in the main body 22.
A rotating shaft 24 is supported by a bearing 25a in
the main body 22, and a gear 26 is mounted on the
rotating shaft 24 to receive a rotational force from the
5 electric motor 23. An eccentric shaft 27 is mounted at
-one end of the rotating shaft 24 at an eccentric posi-
tion. A guide member 28 is mounted outside one end of
the main body 22 along the vertical direction. The
eccentric shaft 27 mounted on the rotating shaft 24 is
10 rotatably inserted in a 1ift member 29 vertically
movably mounted on the guide member 28. A ram 31 is
~ inserted inside a holder 30 arranged in the 1lift member
29. The ram 31 can be vertically moved along a rail 29b
formed on the lift member 29. An adjusting screw 51
15 mounted in an upper end portion 29a of the 1lift member
29 is threadably engaged with the upper end portion of
the ram 31 to regulate the lower position of the ram 31.
A vertically movable cam 32 having a bobbin-like shape
is mounted in a lower portion of the ram 31 and is sup-
20 ported upward by a nut 33 threadably engaged with
a threaded portion 3la formed at the lower end portion
of the ram 31. The ram 31 is urged urged against the
upper side of the cam 32 by a compression coil spring
34. In the driving mechanism having the above arrange-
25 ment, upon driving of the electric motor 23, the
rotating shaft 24 is rotated through the gear 26, and
the eccentric shaft 27 is eccentrically rotated about
the rotating shaft 24. Upon eccentric rotation of the
eccentric shaft 27, the lift member 29 is vertically .
30 moved along the guide member 28. The ram 31 and the cam
32 are vertically moved together with the 1lift member
29. The l1ift member 29 and the ram 31 function as the
force point regulator.
_ A lever member 35 is disposed at a position near
35 the ram 31 on the base 21 in a direction perpendicular
to the rotating shaft 24. As shown in Figs. 15 and 16,
a fulcrum shaft 39 is mounted at an intermediate portion
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includes a fulcrumshaft (39) for pivotally supporting said | ever menber
(35) at said fulcrumpoint, and a fulcrumroller (38) receiving said
fulcrumshaft acting as a '

.
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of the lever member 35 in a direction perpendicular to
the longitudinal direction of the lever member 35.
Fulcrum rollers 38 are rotatably arranged at the two
" ends of the fulcrum shaft 39. Guide members 40 are
5 mounted on the base 21 at positions respectively
. corresponding to both sides of the lever member 35.
The fulcrum rollers 38 of the lever member 35 are
rotatably and movably inserted into guide grooves 41
respectively formed in guide members 40 along the
10 horizontal direction. The lever member 35 is pivoted
about the fulcrum shaft 39 in a vertical plane and can
~ be freely moved along the guide grooves 41 through the
rollers 38. Horizontal shafts 37 are mounted in the
arms of a Y-shaped portion 35a formed at a one-end
15 portion of the lever member 35. Rollers 36 are rot-
atably mounted on the shafts 37, respectively. The
Y-shaped portion 35a of the lever member 35 sandwiches
both sides of the cam 32 of the ram 31, so that the
" rollers 36 are rotatably and movably fitted in the cam
20 32.
A pair of heads 42 and 43 are disposed at positions
near fhe lever member 35 on the base 21. As shown in
Figs. 17 and 18, the heads 42 and 43 resemble a wrench
head. The heads 42 and 43 are pivotally mounted through
25 pivot shafts 45 and 46 to a common connecting member 44
located at the intermediate portions of the heads 42 and
43 and can be opened/closed. The heads 42 and 43 have
projections 42a and recesses 43a which are adapted to
engage.with each other. The heads 42 and 43 are mounted
30 on a head table 47 on the base 21 such that the proximal
portions of the heads 42 and 43 are directed toward the
lever member 35, one head 43 is horizontally located as
a lower head, and the_lower head 43 is fixed by bolts
48. The proximal end portion of the upper head 42 is
35 rotatably connected to the other end of the lever member
35 through a connecting shaft 49. Note that the proxi-
mal end portion of the lower head 43 is connected to the
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ro;atfhg shaft of said roller; and that said roller (38) is inserted in a
ful crum gui de groove neans (41) such that said
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head table 47 through a connecting shaft 50.

An operation of the press apparatus having the
above structure will be described with reference to
Fig. 18 to Fig. 2.

5 As shown in Fig. 20, Fig. 2, and Fig. 17, the upper
head 42 is open to set a wire S and a compression
bonding terminal (not shown) in the recess 43a of the
lower head 43, as shown in Fig. 17. In this case, the
eccentric shaft 27 in the driving mechanism is moved to

10 the top dead point to move the ram 31 upward. As shown
in Fig. 18, the rotating shaft 24 is rotated to move the

- 27 to the bottom dead point to move the ram 31 downward.
Upon downward movement of the ram 31, this motion is
transmitted to the lever member 35 through the cam 32

15 and the rollers 36. The lever member 35 is pivoted

- clockwise about the fulcrum shaft 39. At the same time,
the fulcrum roller 38 is moved toward the head along the
guide grooves 41 of the guide members 40, and the lever
member 35 is thus freely moved accordingly. In this

20 case, by a combination of the cam 32 and the rollers 36,
the lever member 35 can be moved relative to the ram 31.
Upon pivotal and movable operations of the lever member
35, the upper head 42 is pivoted counterclockwise about
the pivot shaft 45. The projection 42a compresses

25 the wire S and the compression bonding terminal (now
shown) which are set in the recess 43a of the head
43, thereby compression-bonding the wire S to the
compression-bonding terminal. Note that the connecting
member 44 is also operatéa about the pivot shaft 46.

30 Upon completion of compression bonding, the rotat-
ing shaft 24 is rofated to move the eccentric shaft 27
to the top dead point. In this case, the operations are
opposite to those described above.

A compression bonding force is adjusted by adjust-

35 ing the position of the ram 31 by the adjusting screw
51. Degrees of openings between the heads 42 and 43 are
adjusted by adjusting the nut 33, as shown in Figs. 20
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roJIerganes,freely al ong sai d guide groove (41). 11. A press apparatus
according to claim9, characterized in that said ful crum neans

- 11 -

and 21, to change the length A or B of a spring 34.

_ Since the lever member 35 is supported by the ful-
crum 39 to perform a combination of pivotal and movable
operations, the head 42 can be efficiently operated for

5 compression bonding upon motion of the ram 31. The
motion of the lever member 35 can absorb unnecessary
motion of each part, i.e., backlash. The motion of the
ram 31 can be transmitted to the head 42 without any
waste, and a slow operation can be performed. The force

10 of the ram 31 can be effectively transmitted while sys-
tematic operations are performed.

In this embodiment, the ram 31 is connected to the
lever member 35 by a combination of the cam 32 and the
rollers 36. This arrangement has an advantage in that a

15 large mechanical strength can be obtained, in unneces-
sary motion can be absorbed, and motion transmission
can be performed without any loss.

The present invention is not limited to the above
embodiments, but can be changed and modified in a vari-

20 ety of applications.

In the freely movable fulcrum type lever apparatus
of the present invention, as described above, the lever
member is supported by a movable fulcrum, and the range
of motion of the force point regulator connected to the

25 lever member and the range of motion of the action point
regulator can be largely increased.

In the press apparatus of the present invention,
the lever member supported by the fulcrum is used to
systematically and properly perform a press-operation by

30 causing the heads to perform motion suitable for the
press operation. '

In the lever apparatus used in the press apparatus
shown in Fig. 16, the fulcrum rollers 38 mounted on the
support shaft 39 are in rolling contact with the guide

35 grooves 41, thereby constituting the freely movable
fulcrum. In a structure shown in Figs. 22A and 22B,
without using the fulcrum roller, a lever member 65
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inpludes a fulcrumslider (62, 81, 91) inserted in a ful crum gui de groove

negns (61, 63, 83, 94) in a freely novabl e manner al ong sai d gui de groove;
an :
L - 12 -

is pivotally supported by a fulcrum shaft 64 inserted
into holes formed in sliders 62a and 62b inserted into
guide grooves 63a and 63b formed in guide members 61la
and 61b of a freely movable fulcrum regulator. One end
5 of the lever member 65 is connected to a slider 67
through a shaft 66 inserted into holes of the slider 67
in the same manner as the support point shaft 64.
The slider 67 is slidably inserted between guide members -
68a and 68b of a force point regulator. The other end
10 of the lever member 65 is connected to an action point
member 70 through a shaft 69. The action point member
70 is inserted into a guide member 71 of the action
point regulator fixed on the ground and is regulated to
perform linear motion. In this case, the outer surfaces
15 of the sliders 62a, 62b, and 67 are finished with high
precision, and the inner surfaces of the guide grooves
63a, 63b, 68a, and 68b are smoothed to reduce frictional
forces, thus posing little practical problems. In
particular, as shown in Fig. 23A, since a force trans-
20 mitted to the shaft 66 is always transmitted
perpendicularly, no torsion stress in the conventional
arrangement shown in Fig. 1A is generated.
However, in order to smooth movements of the sli-
ders 62a, 62b, and 67, a plurality of ball bearings 72
25 can be inserted between the guide grooves 63a and 63b
and the sliders 62a and 62b, as shown in Figs. 23A and
23B. Note that rollers may be used in place of ball

bearings.
Figs. 24 and 25 show other embodiments of freely
30 movable fulcrum structures. In the embodiment of '

Fig. 24, a fulcrum shaft 80 is mounted on a support mem-
ber 81, and a lever member 82 is pivotally supported on
this fulcrum shaft 80. The support member 81 is fitted
in a bearing groove formed on a bed 83 fixed on the

35 . ground G. The support member 81 is movable through ball
bearings 84 inserted between the support member 81 and
the bearing groove in a direction indicated by an arrow.
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Is inserted in said hole for pivotally supporting said |ever
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One end of the lever member 82 is connected to a driving
shaft 87 through a cam follower type connecting member
having a roller 86 inserted between guide plates 85 of
the force point regulator. The other end of the lever
member 82 is connected to a link rod 90 supported on an
action point regulator 89 through a shaft 88. 1In the
movable fulcrum formed as described above, fulcrum shaft
80 is not moved but the support member 81 is freely
moved on the bearings 84.

In the embodiment of Fig. 25, a lever member 82
pivotally supported on a fulcrum shaft 80 is movably

~ supported in a direction of straight rails 84a on a

support member 81 placed on a bed 83 fixed on the ground
G through the rails 84a, thereby constituting a freely
movable fulcrum.

Fig. 26 shows a press apparatus having a lever
apparatus having the fulcrum with the structure shown
in Fig. 24. This press apparatus has substantially the
same arrangement as that of the press apparatus shown
in Figs. 13 and 14, but is different therefrom in an
arrangement of a movable fulcrum of the lever aPparatus.
In the press apparatus shown in Fig. 13, the lever
member 35 is pivotally supported by the fulcrum shaft 39
on the rollers 38 which are in rolling contact with the
fulcrum grooves 41 formed in the fulcrum member 40. In
the press apparatus of Fig. 26, however, the structure
of the fulcrum of the lever apparatus is identical to
that shown in Fig. 24. A lever member 90 is pivotally
supported by a fulcrum shaft 92 on a support member 91.
The support member 91 is freely movable held on a main
body 94 through ball bearings 93.

One end of the lever member 90 is connected to a
vertical driving shaft 96 through a cam follower struc-
ture 95 serving as a force point. The lower end of the
vertical driving shaft 96 is connected to an eccentric
shaft 98 through a crank mechanism 97. Upon rotation of
the eccentric shaft 98, the vertical driving shaft 96 is
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vertically moved. One end of the eccentric shaft 98 is
connected to an electric motor 99 through a power
transmission mechanism 100 such as a gear unit and is
driven and rotated. :

The other end of the lever member 90 is connected
to a lift member 102 through a shaft 101 serving as an
action point, and a head 103 mounted on the 1ift member
102 is vertically driven, as shown in Fig. 26. In this
embodiment, a rotational force of the electric motor 99
is transmitted to the lever apparatus through each link
mechanism. A flywheel and the like need not be used,

~unlike in the conventional apparatus. The apparatus can

be made compact, and at the same time, a mechanical
power can be smoothly transmitted to the head 103
through the lever apparatus having the freely movable
fulcrum.

Fig. 27 is a circuit diagram for driving and
controlling the press apparatus shown in Fig. 26.
Referring to Fig. 27, one terminal of an AC power source
110 is connected to one terminal of a parallel circuit
of a timing switch 112 and a foot switch 113 through a
power switch 111. The other terminal of this parallel
circuit is connected to one terminal of a motor 99
through a slight movement setting switch 114. The power
switch 111 is connected to one terminal of the motor 99
through a slight movement switch 115. The motor 99 is
connected in parallel with a brake 116. The timing
switch 112 is used to stop the head 103 at an upper
pbsition after the head 103 is moved downward and is
then moved upward upon completion of a predetermined
work. The timing switch 112 is, e.g., a limit switch
mounted at the upper limit position of the lift member
102. The switch 112 is kept off only at this upper
limit position. The slight movement setting switch 114
is normally ON. The slight movement setting switch 114
is turned off to slightly move the head 103. As a
result, the motor 99 can be freely driven to slightly
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saj d fulcrun1neans further includes a plurality of ball bearings (72, 84,
93y 127) in- serted between said guide groove neans and said ful crum
sl i der. -
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move the head regardless of the ON/OFF states of the

switches 112 and 113. A counter 117 is arranged to

count the number of driving cycles of the motor 99,

i.e., the number of press operation cycles of the head
5 103, as needed.

Fig. 28 shows an application in which the pre-
sent invention is applied to a surface grinder having
a stroke adjustable fulcrum point as a movable fulcrum.

Referring to Fig. 28, a head 120 is supported

10 through bearings 122 so that the head 120 can be
" smoothly moved along a support member 121 on the
~ horizontal plane. A lower portion of the head 120 is
axially supported at one end of a lever member 124 by a
shaft 123 serving as an action point. The lever member
15 124 is connected to a fulcrum member 126 engaged with a
screw rod 125. The fulcrum member 126 is movably and
pivotally mounted on the ground G through a linear
bearing mechanism 127. The screw rod 125 is connected
to a rotating shaft of a motor 129 mounted on the lever
20 member 124 through a gear unit 128.

The other end of the lever member 124 is connected
to a linear bering mechanism 130 through a shaft 131
serving as a force point. The linear bearing mechanism
130 is connected to a servo motor 134 through a crank

25 shaft 132 and a crank mechanism 133.

In the above arrangement, a rotational force of the
servo motor 134 is converted into a linear motion through
the mechanisms 132 and 133, and the linear motion is
transmitted to the shaft 131 serving as a force point of

30 the lever member 124. Therefore, the lever member 124
is supported by the fulcrum member 126 and linear bear-
ing mechanism 127 and is pivoted so that the bed 120 can
be smoothly moved in the horizontal direction.

In this case, when fhe motor 129 is driven, the

35 screw rod 125 is rotated through the gear unit 128, and
the fulcrum shaft 126 is freely moved on the bearing 127
to change a distance between the shafts 123 and 131,
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thereby changing a stroke of the bed 120.

Fig. 29 is a block diagram of an electrical control
system of surface grinder shown in Fig. 28. Referring
to Fig. 29, the servo motor 134 and the brake motor 129
are driven by outputs from a servo motor control output
circuit 141 and a movable fulcrum point variable brake
motor output circuit 142 which are controlled by a CPU
140. A speed of the servo motor 134 is detected by a

- servo input encoder 143, and a detection signal is input

to the CPU 140. A rotation state of the brake motor 129
is detected by an encoder 144, and a detection signal is

~ input to the CPU 140.

The CPU 140 is connected to a ROM/RAM 145, programs
of the entire system are stored, and input data are also

'stored. An output from a control console through a

keyboard interface 148 is output to the CPU 140 through
a bus line 146. Various types of data stored in the
RAM 145 are supplied from the CPU 140 to a CRT 150
through a display output interface 149 and are displayed
on the CRT 150. |

Fig. 30 shows an embodiment in which the lever
apparatus of the present invention is applied to a
building damping apparatus. A crank shaft 132 identical
to that of Fig. 28 is connected to a crank mechanism and
a servo motor (neither are shown) through a shaft sup-
port member 155. One end, i.e., a force point side, of
a lever member 157 is connected to one end of the crank
shaft 132 through a cam follower mechanism 156. A ful-
crum 158 of the cam follower mechanism is formed at the
central portion of the lever member 157. The other end
serving as an action point is connected to a damping
block 160 through a pin 159. The damping block 160 is
movably held on straight rails 1l6la and 161b. The
straight rails 161a and 161b are fixed at positions
having a maximum magnitude at the time of earthquake
occurrence, e.g., on a middle floor of a skyscraper.

An operation of the damping apparatus will be
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described with reference to Fig. 31. When an earthquake
occurs to vibrate a building, vibrations are detected by
a vibration sensor 162, and magnitude and direction data
of the vibrations are supplied to the CPU 140. The CPU
5 140 sends a driving signal to a servo motor 134 through
a servo motor control circuit 141 in the same manner as
in Fig. 28 to drive a damping block 160 to move in an
opposite direction with an identical magnitude to cancel
the vibration of the building. A movement amount of the
10 damping block 166 is detected by an encoder 143 as rota-
tional amount and direction of the servo motor 134.
Barthquake vibrations generally occur several
cycles per second. It is easy to move the damping block
160 at this speed. In a conventional damping apparatus,
15 the damping block 160 is moved by using a feed screw,
and the response speed is low. In addition, since the
block 160 is extremely heavy, the mechanical strength
of the feed screw is not sufficient. As a result, a
sufficient damping effect cannot be obtained. However,
20 as in this embodiment, a good result can be obtained
by a combination of the lever apparatus having a freely
movable fulcrum and the straight rails 16la and
161b.
Fig. 32 shows an application in which the lever
25 apparatus of the present invention is used in a driving
mechanism for a diaphragm pump. A lever member 171
which receives a pivotal force from a cam follower type
force point regulator 170 in a direction of an arrow is
pivoted about a fulcrum 172. A diaphragm 175 of the
30 diaphragm pump is vertically driven through an action
point regulator 174 connected to an action point 173.
~ Fig. 33 shows an application in which the lever
apparatus of the present invention is applied to
an automobile shock absorber. Referring to Fig. 33,
35 an action point of a lever member 183 is pivotally
supported by a link 182 for connecting an automobile
shock absorber 180 and an automobile wheel 181. The
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lever member 183 is connected to a force point regulator
185 through a freely movable fulcrum 184. The force
point regulator 185 is connected to a servo motor 187
through a crank shaft 186 in the same manner as in the
damping apparatus shown in Fig. 30. The fulcrum 184
and the servo motor 187 are fixed on an automobile body
G. _

The pfinciple of the automobile shock absorber
is substantially the same as that of damping for a
building. Motor driving with the arrangement shown in
Fig. 31 is performed to effectively absorb automobile

_ vibrations.

In each of the embodiments described above, only
one lever apparatus of the present invention is used.
However, two or more lever apparatuses may be combined
to constitute a force transmission system, as shown in
Fig. 34. A first lever apparatus 190 has a lever member
192 supported by a fulcrum 191, and a force acting on a
first force point 193 is transmitted from a first action
point 194 to a second force point regulator 196 through
a link 195. The force transmitted to the second force
point regulator 196 is transmitted to a second action
point regulator 199 through a fulcrum 198 of a second
lever apparatus 197. All support portions indicated by
G are represented by the ground.

Two or more fulcrums are used to constitute a chain
system of the lever apparatuses to freely set a force
transmission direction.

Fig. 35 shows an application of an X, ¥ table using
the pivot lever apparatus of the present invention. In
this arrangement, a table 210 can be moved along rails
211a and 211b along the X direction. The arrangement
and operation in the Y direction can be made in the same

- manner as in the X direction, and are omitted. The

table 210 is axially supported at one end of a lever
member 213 through a shaft operated as an action point.
A roller 217 in a driving guide member 216 serving as
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a force point of a ball screw rotation feed mechanism
215 is mounted at the other end of the lever member 213
through a fulcrum 214. The guide member 216 is
threadably engaged with a ball screw 219 driven by a
motor 218.

Fig. 36 shows a motion locus of each portion in
Fig. 35. When the ball screw 219 is fed, e.g., every
10 ym, an action point 212, i.e., the table 210, is
moved every 2 uym. The roller 217 serving as a force
point is moved within the guide member 216 and has an
arcuated locus. The fulcrum 214 is freely moved by w
~in response to feeding of the ball screw 219 by 80 um.
The action point 212 is moved by 16 um (= 80/5).

When the X, Y table is arranged as described above,
the table 210 is driven with very high precision. The
X, Y table can be used in a semiconductor wafer exposure
apparatus.
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1. A movable fulcrum type levér apparatus comprising a
lever member pivotally supportéd by a fulcrum, a force
point regulatof connected to one end of said lever
member, an action point regulator'connected to the other
end of said lever member, wherein the fulcrum is freely
movable arranged. '

2. A press apparatus comprising a lever member pivota-
lly supported by a fulcrum, a fulcrum guide member for
movably supporting the fulcrum of said lever member, a

~ drive mechanism, connected to one end of said lever

member, for applying a driving force to said lever
member, and a head driven upon operation of said lever
member.

3. A movable fulcrum type lever apparatus according to
claim 1, wherein the fulcrum has a fulcrum member having
a fulcrum guide groove and a roller inserted in rolling
contact with said roller, and said lever member is pivo-
tally supported on a rotating shaft for said roller.

4. A movable fulcrum type lever apparatus according to
claim 1, wherein the fulcrum has a fulcrum member having
a fulcrum guide groove and a slider inserted in said
guide groove, and said lever member is pivotally sup-
ported on said slider.
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LEVER APPARATUS_HAVING A FREELY MOVABLE FULCRUM. AND
MECHANICAL APPARATUS USING THE SAME

Abstract:

-*

A movable fulcrum type lever apparatus'compfising a
lever member pivotally supported by a movable fulcrum.
One end of the lever member (1) is connected to a force
peint regulator (4), and the other end is connected to
an action point regulator (6). The fulcrum point (2)
includes a roller which is in rolling contact with a
fulcrum guide groove of a fulcrum guide member (3), and
the lever member (1) is pivotally supported on a roller
shaft. _

Alternatively, the fulcrum includes a slider
inserted in the fulcrum guide groove. In this case, the
lever member (1) is pivotally supported on the slider.
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MOVZ&BLE FULCRUM TYPE LEVER APPARATUS AND PRESS APPARATUS

Technical Field

The present invention relates to a lever apparatus and,
more particularly, to a lever apparatus according to the
preamble of claim 1 and a press apparatus using the same
according to the preamble of claim 9.

Background Art

A movable fulcrum type lever apparatus according to the
preamble of claim 1 is known from "Les mécanismes dans la
technique moderne", volume 2, first part:_"Mécanismes a
leviers", by I. -Artobolevski, Mir Edition, Moscow 1976: page
422. A press apparatus according to the preamble of claim 9
is known from US-A-4 329 865.

Lever apparatuses have been generally used in a
mechanical field such as machine tools and industrial machines
and widely used as force transmitting pérts of movable
mechanisms in various other structures. As shown in Figs. 1A
and 1B, in such a lever apparatus, a force point ¢ is provided
at one end of a lever member a axially supported by a fulcrum
b fixed on the ground G. The lever member a is pivoted by
means of a crank arm 2 connected to a driving wheel £, so that
a work force is generated at an action point 4d.

In the conventional lever apparatus, since the lever
member g'is axially supported on the fixed fulcrum b, the loci
of both the force point ¢ and the action point d draw arcs
upon pivotal movement of the lever member a. Even if a
vertical force acts on the force point ¢, as shown in Fig. 1A,
this force cannot be applied along a single straight line.

. This problem is also posed at the action point d. For this
reason, in the conventional lever apparatus, in order to
convert linear motion of the force point ¢ into pivotal motion
of the lever member a or convert pivotal motion of the lever

member a. into linear motion at the action point d, a force
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point regulator as a combination of an elongatedhote—fe—erd a

roller Rc and an action point regulator as a combination of an
elongated hole Ld and a roller R4, as shown in Fig. 1A, are
used at portions of the force point ¢ and the action point g,
respectively. Ranges W of motion to be converted are
determined by the lengths of the elongated holes Lc and ILd,
respectively, and the ranges W cannot be increased due to
limitations of mechanical strength. As far as the force
transmission magnitudes are concerned, distances Al and Bl
from the fulcrum b to the force and action points ¢ and 4 are

~ changed upon pivotal movement of the lever member a, and a '
transmission force is undesirably changed.

A torsion stress is produced at the action point 4 upon
pivotal movement of the lever member a by a pivot angle « in a.
direction indicated by an arrow in Fig. 1B. Therefore, a
force cannot be effectively transmitted.

In an example shown in Fig. 2, when a force is to act at
a point ¢ to shift an action point d downward, an upper
portion of an action point link member h is distorted in a
direction to be bent as indicated by a dotted line. As a
result, a left portion of an upper end and a right portion of
a lower end of a guide hole of a support guide member i are
worn out.

Disclosure of Invention _

Based on the teaching of "Les mécanismes dans la
technique moderne", volume 2, first part: "Mécanismes i
leviers", -by I. Artobolevski, Mir Edition, Mos:ow 1976: page
422, it is, therefore, an object of the presen- invention to
adapt such lever apparatus so that the. translational
alternative movement and a translational alternative force may
be applied to the force point and transmitted to the action
point.

In order to achieve this object of the present invention
a force point regulator of a lever apparatus according to the
preamble of claim 1 includes a force point follower means
pivotally connected at the force point of -the lever member for

rotation about a second pivot axis parallel to the first pivot
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axis, a force point guide means for rectiliﬁEE?I?’guiding—eheJ

follower means along a second translational axis fixed

relative to the force point guide means and crossing the first
translational axis, the force point guide means being movable
along a third translational axis fixed relative to ground and
perpendicﬁlar to the first pivot axis and to the second
translational axis, to apply the driving force to the force
point. '

A press apparatus using the lever apparatus of the
present invention according to the preamble of claim 9 is
characterized in that the fulcrum guide means guides the
fulcrum means rectilinearly along a first translational axis
which is fixed relative to ground and in that the force point
requlator includes a regulator roller rotatably mounted at the
force point of the lever member for rotation about a second
pivot axis parallel to the first pivot axis, and a pair of
guide plates between which the regulator roller is in rolling
contact for rectilinearly guiding the force point relative to
the guide plates along a second translational axis fixed
relative to the plates and crossing the first translational
axis, the guide plates being movable along a third
translational axis fixed relative to ground and perpendicular
to the first pivot axis and to the second translational axis,
to apply the driving force to the force point.

Extensive studies have been made on operations of lever
apparatuses. As a result, the present inventors found that
since the fulcrum which supports the lever member in the
conventional lever apparatus was stationary, and the lever
member was pivoted about an axis passing through this
stationary fulcrum, the lever member itself was restricted to
motion defined by the stationary fulcrum. In consideration of
this point, the present inventor developed a lever apparatus
wherein a fulcrum which supported a lever member was freely
moved about a movable fulcrum (to be referred to as a freely
movably fulcrum hereinafter) as the center. Since the fulcrum
position of the lever apparatus according to the present

invention is freely movable and pivotal movement of the lever
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member is performed,:the fulcrum of the lever member is freely
moved in accordance with motion of a force point regulator
connected to the lever member and motion of an action point
regulator. Therefore, the degree of freedom of motion of the
force. point regulator and motion of the action point regulator
can be set to be large.
Brief Description of Drawings

Figs. 1A, 1B, and 2 are views showing conventional
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Fig. 34 is a view showing a force transmission
chain system arranged by connecting the lever apparatus
of the present invention to it;

.Fig. 35 is a view showing an embodiment wherein the
lever apparatus of the present invention is used in a
drive mechanism for an X-Y table; and

Fig. 36 1s a view showing an operation locus of the
main part in Flg. 35.

Best Mode of Carrying Out the Invention

Embodiments of the present invention will be
described below.

A preferred embodiment of a freely movable fulcrum
type lever apparatus according to the present invention
will be briefly described with reference to Figs. 3 to
6.

Referring to FPigs. 3 to 6, reference numeral 1
denotes a lever member; 2, a fulcrum member for pivo-
tally supporting the lever member 1; 3, a fulcrum guide
member for freely movable supporting the fulcrum member
2; 4, a force point regulator pivotally and movably con-
nected to a force point, or one end of the lever member
1 through a cannecting member S; and 6, an action point
recelv:Lng member plvotally connected to an action point, or the
other end of the lever member 1 through a connecting
member 7. Note that the connecting member 5 for con-
necting the lever member 1 and the force point regulator
4 is pfeferably constituted by a known cam follower type
member having a roller 5b which is in rolling contact
between a pair of guide plates 5a.

In each of the embodiments shown in Figs. 3 to 6,
the force point regulator 4 is linearly and vertically
moved, and the guide member 3 linearly, horizontelly,
and rollingly supports the roller type fulcrum member 2
axially supported on the lever member 1.

Each of the embodiments shown in Figs. 3 and 4
employs an internal fulcrum obtained by locating the
fulcrum member 2 between the force point 5 and the
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action point 7 of the lever member 1. In the gmbodiment
shown in Fig. 3, the action point rece1v1ng member 6 can be
vertically and linearly moved, as indicated by a locus
in Fig. 7. That is, when the force point regulator 4

is vertically driven, the lever member 1 is pivoted
about the fulcium member 2. . At this time, the fulcrum
member 2 of the lever member 1 is horizontally moved

by a distance X along the guide member 3 upon pivotal
movement of the lever member 1, so that the action point
receiving member 6 is linearly and vertically moved. In the
embodiment shown in Fig. 4, the action point regulator 6
is obliquely and linearly moved. In this embodiment, a
connecting member 7 disposed at the action point of the
lever member 1 is subjected to elliptical motion.

The locus of the action point of the lever appara-
tus having an internal fulcrum can be linear, as shown
in Fig. 7, or elliptical, as shown in Fig. 8 or 9. A
movement distance X of the freely movable fulcrum in
Fig. 9 is smaller than that in Fig. 8.

In the embodiment shown in Fig. 5, the fulcrum
member 2 and the force point regulator 4 are located
at the two ends of the levqr member 1, respectively,
and the action point receiving member 6 is located at the
intermediate portion.bf the lever member 1, thus
constituting an external fulcrum configuration. 1In
this case, a stroke on the action point side is smaller
than that on the force point side, and a force is
increased.

In the embodiment shown 1n Fig. 6, thec fulcrum
member 2 and the action point receiving member 6 are arranged
at the two ends of the lever member 1, and the force
point regulator 4 is arranged at the intermediate
portion of the lever member 1. In this case, the stroke
on the action point side is larger than that on the
force point side, and a force is small.

In the embodiment, shown in Fig. 6, the locus of the
action p01ntrece1v1ng member 6 is linear, as shown in Fig. 10,
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the force point regulator 4 has a locus of a parabola,

-and the fulcrum 2 has a locus of reciprocal motion. A

locus of the action point is elliptical in Figs. 11 and
12.

" In each of these embodiments described above, since
the fulcrum member 2 is freely moved in accordance
with motion of the force pqint regulator 4 and motion of
the action point reéeiving member 6 upon pivotal movement of
the lever member 1, degrees of freedom of motion of the
force. point :egulator 4 and that of the action point
rece1v1ng member 6 are large. The connecting member 5 of the
force point regulator 4 is moved to an optimal position
by g sum of kinetic functions of the action point’ rece1v1ng
member 6 and the fulcrum member 2. For this ‘reasan,
while a motion range of the action point receiving ‘member 6 is
widened, a driving force from the force point regulator
4 can be effectively transmitted to the action point
receiving member 6 through the lever member 1.

Motion of the fulcrum member 2, motion of the force
point regulator- 4, and motion of the action point rece1v1ng
‘member 6 can be any combination of vertical linear.
motion, horizontal linear motion, oblique linear motion,
vertical circular motion, horizontal circular motion,
oblique circular motion, and the like, as needed.

The freely movable fulcrum type lever apparatuses
having the above arrangements can be widely used in
machine tools (e.g., a press apparatus), industrial
machines, and movable parts of various other structures.

An embodiment of a press apparatus which employs
the lever apparatus of the present invention will be
described with reference to Figs. 13 to 21.

The press apparatus of this embodiment is used to
connect a wire and a compression bonding terminal by
compression bonding.

A structure of the press apparatus will be
described with reference to Figs. 13 and 14.

A main body 22 1is mounted on a base 21, and
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described with reference to Fig. 31. When an earthquake
occurs to vibrate a building, vibrations are detected by
a vibration sensor 162, and magnitude and direction data
of the vibrations are supplied to the CPU 140. The CPU
140 sends a driving signal to a servo motor 134 through
a servo motor control circuit 141 in the same manner as
in Pig. 28 to drive a damping block 160 to move in an
oppdsite direction with an identical magnitude to cancel
the vibration of the building. A movement amount of the
damping block 166 is detected by an encoder 143 as rota-
tional amount and direction of the servo motor 134.

Earthquake vibrations generally occur several
cycles per seéond, It is easy to move the damping block .
160 at this speed. 1In a conventional damping apparatus,
the damping block 160 is moved by using a feed screw,
and the response speed is low. In addition, since the
block 160 is extremely heavy, the mechanical strength
of the feed screw 1s not sufficient. As a result, a
sufficient damping effect cannot be obtained. However,
as in this embodiment, a good result can be obtained
by a combination of the lever apparatus having a freely
movable fulcrum and the straight rails 16la and
l61b. '

Fig. 32 shows an application in which the lever
apparatus of the present invention is used in a driving
mechanism for a diaphragm pump. A lever member 171
which receives a pivotal force from a cam follower type
force point regulator 170 in a direction of an arrow is
pivoted about a fulcrum 172. A diaphragm 175 of the
diaphragm pump is vertically driven through an action
poin-t-:“ Ifeceivihgut-t_\embér 174 connected to an action point" 173.

Fig. 33 shows an application in which the levef'
apparatus of the present invention 1s applied to
an automobile shock absorber. Referring to Fig. 33,
an action point of a lever member 183 is pivotally
supported by a link 182 for connecting an automobile
shock absorber 180 and an automobile wheel 18l1. The
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Claims

A movable fulcrum type lever apparatus comprising:.

a lever member (1, 35, 82, 90, 124, 157, 171, 183, 192, 213) having a force point,
a fulcrum point and an action point, said action point being connectable to an action
receiving member (6, 42, 90, 102, 120, 160, 174, 182, 195, 210);

fulerum means (2, 38, 39, 80, 92, 126, 172, 184, 191, 198, 214) for pivotally
supporting said lever member at said fulcrum point about a first pivot axis;

fulcrum guide means (3, 40, 41, 81, 83, 84, 91, 93, 94, 127, 158) for rectilinearly
guiding said fulcrum means along a first translation axis perpendicular to said pivot

axis and fixed relative to ground;

a force point regulator (4, 32, 36, 85, 86, 95, 130, 131, 156, 170, 185, 193, 196,
216, 217) connected to said force point of said lever member for applying a driving

force to said force point;

an action point regulator ( 45, 89, 121, 161a, 161b, 211a, 211b) including an

- action point connecting member (7, 49, 88, 101, 123, 159, 173, 194, 199, 212) for

pivotally connecting said action point to said action receiving member and for
applying an action force to said action receiving member when a driving force is.

applied to said force point;
characterized in that said force point regulator includes:

a force point follower méans (5b, 36, 67, 86, 95, 131, 156, 170, 193, 196, 217)
pivotally connected at said force point of said lever member for rotation about a

second pivot axis parallel'to said first pivot axis;
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a force point guide means (52, 32, 68a; 68b, 85, 130, 216) for rectilinearly guiding
said follower means along a second translation axis fixed relative to said force point

guide means and crossing said first translation axis;

said force point guide means being movable along a third translation axis fixed
relative to ground and perpendicular to said first pivot axis and to said second

translation axis, to apply said driving force to said force point.

2. A movable fulcrum type lever apparatus according to claim 1, wherein said force
point follower means includes a roller (5b, 36, 86, 95, 217) pivotally connected at
said force point of said lever member (1, 35, 82, 157, 171, 183, 192, 213), and said
force point guide means includes a pair of guide plates (5a, 32, 85, 158, 216)
between which said roller is in rolling contact.

3. A movable fulcrum type lever apparatus according to claim 1, wherein said force
point follower means includes a regulator slider (67) pivotally connected at said force
point of said lever member (1, 35, 157, 171, 183, 192, 213); and said force point
guide means includes a pair of guide plates (68a, 68b) between which said regulator'

slider moves in sliding contact.

4, A movable fulcrum type lever apparatus according to one of claims 1 to 3, charac-
terized in that said fulcrum means includes a fulcrum shaft (39) for pivotally suppor-

ting said lever member at said fulcrum point,

and a fulcrum roller (2, 38) receiving said fulcrum shaft acting as a rotating shaft of

said roller; and

that said fulcrum roller is inserted in a fulerum guide groove means (3, 40, 41) such

that said fulcrum roller moves freely along said guide groove.

L
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5. A movable fulcrum type lever apparatus according to one of claims 1 to 3, charac-
terized in that said filerum means includes a fulcrum slider (62a, 62b, 81, 91, 127)
inserted in a fulcrum guide groove means (61, 63, 83, 84) in a freely movable

manner along said guide groove; and

that said fulcrum slider has 2 hole therein and wherein a fulcrum shaft (64, 80, 92,
126) is inserted in said hole for pivotally supporting said lever member at said

fulcrum point.

6. A movable fulcrum type lever apparatus according to claim 4 or 5, characterized in
that said fulcrum guide groove means is fixed and formed between a pair of guide
plates (40, 61a, 61b).

7. A movable fulcrum type lever apparatus according to claims § or 6, characterized in
that said fulcrum means further includes a plurality of ball bearings (72, 84, 93, 127)
inserted between said fulcrum guide groove means (61a, 61b, 83, 94) and said
fulcrum slider §62a_, 62b, 81, 91).

8. A movable fulcrum type lever apparatus according to one of claims 5 to 7, charac-

terized in that said fulcrum means further includes a plurality' of rails (84a, 93)

inserted between said gu:de groove means and said slider. SEPLAGEMENT SHEET

9. A press apparatus comprising: 24 JUL 1998

a base (21); a main body (22) mounted on said base; a driving methanisor(23;72%;
29, S(i) for generating a driving force, said driving mechanis$in (23) including a
motor mounted in the main body; a pressing head (42) for pressing a work piece to
be pressed; and a movable fulcrum type lever device for transmitting the driving
force generated from .saicl_ driving mechanism to said pressing head; wherein said

movable fulcrum type levgf apparatus comprises:

a lever member (35) having a force point (37), a fulcrum point (39) and an action

* [ L ] S * ’
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point (49) coupled to said pressing head; '

fulcrum means (38, 39) for pivotally supporting said lever member at said fulcrum

point about a first pivot axis perpendicular to said lever;

fulcrum guide means (40, 41) mounted on said base for guiding said fulcrum means

in a plane perpendicular to said first pivot axis;

a force point regulator (32, 36) connected to said force point of said lever member
for applying said driving force to the force point perpendicularly to said first pivot
axis;

an action point regulator (42, 45) including an action point connecting member (495
for pivotally connecting said action point to said pressing head relative to an action

point pivot axis parallel to said first pivot axis and for applying an action force to an

action receiving member (42) when said driving force is applied to said force point;
characterized in that

said fulcrum guide means guides said fulcrum means rectilinearly along a first

translation axis which is fixed relative to ground;
and in that said force point regulator includes:

a regulator rollef (36) rotatably mounted at said force point of said lever member for

rotation about a second pivot axis parallel to said first pivot axis; and
a pair of guide plates (32) between which the regulator roller is in rolling contact for
rectilinearly guiding said force point relative to said guide plates along a second

translation axis fixed relative to said plates and crossing said first translation axis;

said guide plates being movable along a third translation axis fixed relative to ground

* ¢ L M S x
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and perpendicular to said first pivot axis and to said sécond translation axis, to apply

said driving force to said force point.

A press apparatus according to claim 9, characterized in that said fulcrum means
includes a fulcrum shaft (39) for pivotally supporting -said lever member (35) at said
fulcrum point, and a fulcrum roller (38) receiving said fulcrum shaft acting as a

rotating shaft of said roller; and

that said roller (38) is inserted in a fulcrum guide groove means (41) such that said

roller moves freely along said guide groove (41).

A press apparatus according to claim 9, characterized in that said fulcrum means
includes a fulcrum slider (62, 81, 91) inserted in a fulcrum guide groove means (61,
63, 83, 94) in a freely movable manner along said guide groove; and

that said fulcrum slider has a hole therein and wherein a fulcrum shaft (64, 80, 92)
is inserted in said hole for pivotally suppo;ting said lever member at said fulcrum

point.

A movable fulcrum type lever apparatus according to claim 11, characterized in that
said fulcrum means further includes a plurality of ball bearings (72, 84, 93, 127) in-

serted between said guide groove means and said fulcrum slider.

A movable fulcrum type lever apparatus according to claim 11, characterized in that
said fulcrum means further includes a plurality of rails (84a, 93) inserted between

said guide groove means.and said fulcrum slider.
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