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LEAD BENDING MACHINE FOR ELECTRONIC COMPONENTS

BACKGROUND OF THE INVENTION
1. Field of the Invention
5 The present invention relates to a lead bending machine
for electronic components that is capable of bending leads
of electronic components without straining the electronic
components by causing the leads to move along a circular
arc. More particularly, the present invention relates to a
10 lead bending machine-for electronic components that is
capable of dealing with a great variety of electronic
components varying in shape from each other.
2. Description of the Background Art
In general, bending of leads of electronic components,
15 e.g. LSIs, is carried out by press working, and there have
been cases where excessive force applied to an LSI package
or gold wire for bonding may cause damage to these portions.
Accordingly, the present inventor proposed an apparatus
wherein the leads of electronic components are bent by
20 causing the leads to move along a circular arc using a
bender comprising a movable punch and a movable die as in
Japanese Patent Application Post-Examination Publication
No. 7-955786.
The conventional apparatus that uses a bender as in
25 Japanese Patent Application Post-Examination Publication
No. 7-95576 suffers from the problem that because there are
a great variety of electronic components varying in the

shape, length and bend dimensions of leads, it is necessary
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arc. NMore particularly, the present invention relates to—a-10-—-lead
bendi ng machine for electronic conponents that is Pable of deallng'
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ey cause doimge, (0 NS OIS0 penare BAT MO dind e PLERS AR O
bent by components. Therefore, a large number of different types of '
benders are needed, and an increase in the cost of benders
causes the working cost to increase. Moreover, the
5 conventional apparatus has the disadvantage that it takes a
great deal of time to cope with the demand for bending the
leads of a new type of electronic components because the
production of a bender takes a long time. In addition,
during the actual working operation, it takes a great deal
10 of time and labor to change benders according to the type of
electronic components, and this causes the working

efficiency to decrease.

SUMMARY OF THE INVENTION

15 Accordingly, an object of the present invention is to
provide a general-purpose lead bending machine for
electronic components that is capable of bending leads of
various types of electronic components without a need of a
great variety of benders.

20 To attain the above-described object, the present
invention provides a lead bending machine for electronic
components which includes a lead holding device for holding
the distal end of a lead of an electronic component, and a
first driving mechanism that causes the lead holding device

25 to move along a first axis of travel. The lead bending
machine further includes a second driving mechanism that
causes the lead holding device to move along a second axis

of travel perpendicularly intersecting the first axis of

‘ IS SHECT HAS BUEN \

-
A

PR EPRT RN



20 causing the leads to nove along a circular arc using-a....._..__bender
conprising a novabl e punch and a novable die as in - Japanese Patent 7
Appl i cation Post-Exam nati on Publication No. 7-95576.Tms&mafhsBumiﬂﬁmai

conventional apparatus that uses a bender as in 25 Japane
Application Post-Exam nation Publication No. 7-95576 mH,H"fue
probl em t hat because there are a great variety of electron

conponents varying in the shape, | ength and bend di nensions of |eads,

't s ”eceS%%2¥e1, and a control device for controlling the first
driving mechanism and the second driving mechanism such that
the lead holding device holding the lead of the electronic
component moves along an approximately circular arc-shaped

S locus, thereby bending the lead of the electronic component.

In the above-described lead bending machine for
electronic components, the lead holding device preferably
includes a first lead holding member and a second lead
holding member, which. are movable toward and away from each

10 other.

It is preferable that the first driving mechanism
should include a ball screw and a ball nut, and that the
second driving mechanism should include a ball screw and a
ball nut for driving the first lead holding member, and

15 further that the lead bending machine should have a cylinder
device that urges the second lead holding member toward the
first lead holding member.

It 1is preferable for the lead bending machine to
include a lead support device for supporting the root

20 portion of the lead of the electronic component in a fixed
state.

It is preferable for the lead support device to include
a lead support fixed member whose position is fixed, and a
lead support movable member movable toward and away from the

25 lead support fixed member.

It is preferable for the lead bending machine to

include a third driving mechanism that causes the lead

support movable member to move toward the lead support fixed
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the di sadvantage that it takes a great deal of time to
demand for bending the | eads of a new type of electronic conponents
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| abor to chBffBebeR4aPE g@@oPSFﬂﬁgtBXFﬁeo?ySEaX?g’ el ectronic e

conponents, and £Ri §5C84398rhBeRhK"8he thir@f GikeveAgYmbendassmase.
should include a ball screw and a ball nut, and that the
ball screw of the second driving mechanism and the ball
5 screw of the third driving mechanism should be integral with
each other and have respective threads cut thereon in
inverse relation to each other with the same pitch.
It is preferable for the lead bending machine to
include an input device for inputting dimensions of a bend
10 shape of the lead of the electronic component, and a
computing device for arithmetically determining a lead
holding position of the lead holding device and a circular
arc-shaped locus of travel from data concerning the
dimensions inputted from the input device.
15 ther objects and advantages of the present invention
will become apparent from the following description taken in

connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 is a general perspective view of a lead bending
machine for electronic components according to the present
invention. .

Fig. 2 is a sectional side view of the lead bending

machine for electronic components.

25 Fig. 3 is an enlarged view of a Y-axis direction
driving mechanism for lead holding members and a driving
mechanism for lead support members.

Fig. 4 is an enlarged front view of the lead support
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benders. 20 To MI e-descri bed object, the present
I nvention provides a | ead bendi ng nmachine for electronic conponent s
whi ch includes a | ead hol di ng device for hol di ng the distal end of a
| ead of an el ectronic conponent, and a first driving nmechani smthat
causes t he P&B¥eHRS ding device 25 to nove along a first axis of travel.

The lead bendingrig, 5 FBCHI BEctYHHAET viBh! HPCEnE PEEENEuHHEVE NHeMBERGN SM
t hat causes tﬁe | ead hol di ng geV|ce to nove a?ong a second axi s
of travel paspseenciiteml yhenaerewcA+rAginhBigir4t axis of
Fig. 6 shows the way in which a lead of an electronic
5 component is bent.
Fig. 7 shows dimensions of various portions of a bend
shape of a lead of an electronic component.
Fig. 8 is a diagram showing the arrangement of a
controller of the lead bending machine for electronic
10 components.

Fig. 9 is a chart showing the sequence of motions of

the lead bending machine for electronic components.

DETAILED DESCRIPTION OF THE EMBODIMENTS

15 An embodiment of the present invention will be
described below with reference to the accompanying drawings.
Fig. 1 is a general perspective view of a lead bending
machine for electronic components according to the present
invention. A base 1 is fixed on a base block 10 installed

20 on the floor surface in a plant or the like. A moving plate
2 1s installed on the base 1 so as to be movable in one
direction on a horizontal plane. The direction of the
movement is assumed to be an X-axis direction. A lead
support block 53 is also fixed on the base 1. A lead

25 support device including a lead support fixed member 51 and
a lead support movable member 52 is installed on the lead
support block 53. The X-axis direction is set to be a

direction in which the moving plate 2 moves toward and away
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- 3- travel, and a control device for controlling the-first
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component are positioned and fixedly placed on a table (not
shown in the figure). The leads of the electronic component
are supported by clamping the root portions of the leads
between the lead support fixed member 51 and the lead
support movable member 52 from the upper and lower sides
thereof.

Fig. 2 is a sectional side view of the lead bending
machine for electronic components. An X-axis guide 11 is
provided to extend in the X-axis direction on the base 1.

An X-axis slider 12 is guided on the X-axis guide 11 so as
to be movable in the X-axis direction. The X-axis slider 12
is secured to the lower surface of the moving plate 2,
thereby enabling the moving plate 2 to move smoothly in the
X-axis direction. The moving plate 2 is driven in the X-
axis direction by the power of an X-axis servomotor 21. An
output shaft of the X-axis servomotor 21 is connected to an
X-axlis ball screw 23 through an X-axis coupling 22, and thus
rotation of the output shaft is transmitted to the X-axis
ball screw 23. The X-axis ball screw 23 has an X-axis ball
nut 24 screwed thereon. The X-axis ball nut 24 is
nonrotatably secured to the moving plate 2 through a
connecting member 25. Accordingly, the moving plate 2 is
driven rectilinearly in the X-axis direction by the rotation
of the X-axis servomotor 21.

The leads of the electronic component are held at their
distal end portions between a lower lead holding member 41

and an upper lead holding member 42 and bent into a




10 . ether. It is preferable that the first driving mechanism——
shoul d include a ball screw and a ball nut, and that the ThisSlfe&@ﬂPﬁLenRephced

driving nechani smshould include a ball screw and a bal
driving the first | ead hol ding nmenber, and 15 further thath}'Equﬂmun
bendi ng nmachi ne shoul d have a cyl i nder devi ce that ur

| ead hol di ng nmenber toward the first |ead hol ding nenber. I t
is preferable for the | ead bendi ng nachine to i nclude a | ead support
device for supporting the root 20 ortion of the |l ead of the electronic

conponent Pre@etexpined shapeat eAt this timethe 1R RAFEORS0f HEN¢ cad
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fromthe 24nd tkedlsagpsubpdirredovB®bbermember 52 and thus immovably
supported. The lower lead holding member 41 and the lead
5 support movable member 52 are driven in a Y-axis direction,
which is a vertical direction, by a Y-axis servomotor 31.
An output shaft of the Y-axis servomotor 31 is connected to
a Y-axis ball screw 33 through a Y-axis coupling 32. The
upper lead holding member 42 is driven in the Y-axis
10 direction by a cylinder device 43 through a cylinder shaft
44 .

Fig. 3 1s an enlarged view showing the Y-axis direction
driving mechanism for the lower lead holding member 41 and
the upper lead holding member 42, together with the lead

15 support movable member 52. Four vertical Y-axis guldes 35
are fixed on the moving plate 2. The Y-axis guides 35 have
a columnar shape and guide a lower moving plate 411, an
upper moving plate 421 and a roller retaining . plate 561 in
the Y-axis direction. The Y-axis ball screw 33, which is

20 driven by the Y-axis servomotor 31, has a lower ball screw
331 and an upper ball screw 332 in the lower and upper
portions, respectively, of the central part of the Y-axis
ball screw 33. The lower ball screw 331 and the upper ball
screw 332 have respective threads cut thereon in inverse

25 relation to each other with the same pitch.

The lower ball screw 331 has a lower ball nut 341
screwed thereon. The lower ball nut 341 is nonrotatably

secured to the lower moving plate 411. The lower lead
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toward the | ead support fixed
menber al ong the second axis of travel. S prﬁ"{ﬂhﬂ,ﬂmﬂﬁ
the third driving mechani sm shoul d i nclude a baII scr

nut, and that the

holding member 41 is secured to the distal end portion of
the lower moving plate 411. Accordingly, the lower lead
holding member 41 can be moved in the Y-axis direction by
rotatively driving the Y-axis ball screw 33 by the Y-axis

5 servomotor 31. The upper ball screw 332 has an upper ball
nut 342 screwed thereon. The upper ball nut 342 is
nonrotatably secured to the roller retaining plate 561. A
driving roller 56 is rotatably supported at the distal end
portion of the roller retaining plate 561. Accordingly, the

10 driving roller 56 can be moved in the Y-axis direction by
rotatively driving the Y-axis ball screw 33 by the Y-axis
servomotor 31.

Because the lower ball screw 331 and the upper ball

screw 332 have respective threads cut thereon in inverse

15 relation to each other, the rotation of the Y-axis ball
screw 33 causes the driving roller 56 and the lower lead
holding member 41 to move vertically through equal distances
in opposite directions to each other. The driving roller 56
is engaged in an engagement groove 541 of an engagement

20 member 54. By moving the driving roller 56 in the Y-axis
direction, the lead support movable member 52 can be urged
toward the lead support fixed member 51 through a spring 55.
The engagement mechanism of the driving roller 56 and the
engagement groove 541 is adapted to urge the lead support

25 movable member 52 independently of the movement in the X-
axis direction of the moving plate 2. The engagement groove
541 absorbs the movement in the X-axis direction of the

moving plate 2.
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t he sane pitch. It is preferable for the | ead bend

I nclude an input device for inputting dinmensions of a bend 10 shape of

the |l ead of the el ectronic conponent, and a conputing device for
arithnmetically determning a | ead hol di ng position of the | ead hol di ng
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foll owi ng description taken in connection with the acconpanyi ng
drawi ngs. 1s driven to press in the Y-axis direction by the cylinder
device 43 through the cylinder shaft 44. Consequently, the
5 upper lead holding member 42 is urged toward the lower lead
holding member 41. In a state where the upper lead holding
member 42 is urged toward the lower lead holding member 41
by an air pressure or the like, when the lower lead holding
member 41 moves, the upper lead holding member 42 also moves
10 together with it so as to follow the movement of the lower
lead holding member 41 while being held in the urged state.
Fig. 4 is an enlarged front view of the lead support
device for fixedly supporting the root portions of leads of
an electronic component during the bending of the leads, in
15 which a part of the lead support device is shown in a
sectional view. Fig. 5 is a sectional view of the lead
support device as seen from the arrow A-A in Fig. 4. The
lead support device is installed on the lead support block
53. The lead support block 53 is fixedly installed on the
20 base 1. The lead support device comprises the lead support
fixed member 51, which is a lower member whose position is
fixed, and the lead support movable member 52, which is an
upper member. As has been stated above, the lead support
movable member 52 is urged toward the lead support fixed
25  member 51 by the Y-axis servomotor 31 and the Y-axis ball
screw 33.
Guide bars 57 are secured to the engagement member 54

in such a manner as to extend in the Y-axis direction. An
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BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Fig. 1 is a general._perspective.
view of a | ead bendi ng machi ne for el ectronic conponents according to
t he present i nventi on. Fig. 2is a sectlonébw§h Raﬂ%ﬂi
t he | ead bendi ng machi ne for el ectronic conponents.

Is an enlarged view of a Y-axis direction driving nech

hol di ng nmenbers and a dri vi ng mechani sm for | ead support ne

Fig. 4 is an enlarged front view of the | ead support

upper lead support member mounting part 521 and a lower lead
support member mounting part 511 are fitted on the guide
bars 57 so as to be movable relative to each other. The
guide bars 57 enable the engagement member 54 and the lead
5 support movable member 52 to move in the Y-axis direction

and guide them with respect to the lead support fixed member
51. By lowering the driving roller 56 engaged in the
engagement groove 541, the engagement member 54 is moved
downwardly, and further, the lead support movable member 52

10 is moved downwardly through the spring 55, thereby fixedly
supporting the root portions of the leads. Even after the
lead support movable member 52 has come in contact with the
lead root portions, the engagement member 54 is further
moved downwardly until the supporting force from the spring

15 55 reaches a predetermined magnitude.

The upper lead support member mounting part 521 and the
lower lead support member mounting part 511 have spaces 522 .
and 512 formed therein, respectively, so that the upper lead.
holding member 42 and the lower lead holding member 41 can

20  freely move in both the X- and Y-axls directions in the
spaces 522 and 512.

Fig. 6 shows the way in which a lead of an electronic
component P is bent. The electronic component P is
positioned and fixedly supported on a table T. The table T

25 holds the electronic component P by vacuum or the like and
has an indexing function whereby a lead L of the electronic
component P that is to be worked is indexed to a working

position. With the root portion of the lead L press-

10
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support nenbers ~as seen fromthe arrow A-Ain Fig. 4. Ty sheet as Bbch Replaced
6 shows the way in which a | ead of an electronic 5 componen

Fig. 7 shows dinensions of various portions of a bend SCBHHHE IlHH"
of an el ectronic conponent. Fig. 8 is a diagramsho _
arrangenent of a controller of the |ead bending nmachine for electronic
10 conmponents. Fig. 9 is a chart show ng the sequence of
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support movable member 52, the distal end portion of the
lead L is clamped between the lower lead holding member 41
and the upper lead holding member 42. Then, the X-axis
5 servomotor 21 and the Y-axis servomotor 31 are controlled
such that the lower lead holding member 41 and the upper
lead holding member 42 draw a circular arc-shaped locus as
shown in the figure, thereby bending the lead L.
Fig. 7 shows the dimensions of each part of a bend
10 shape of the lead L of the electronic component P. The
electronic component P is positioned on the table such that
the center of the electronic component P is coincident with
the center line M of the table. The dimension a of the
electronic component P from the center thereof to the root
15 portion of the lead L and the dimension 1, which indicates
the length of the lead L, are dimensions determined
according to the type of electronic component. The bend
shape of the lead L is determined by the dimensions b, ¢, d
and e. However, because the dimensions a and 1 have already
20 been determined according to the type of electronic
component, if the values of three of the dimensions b, c, d
and e are specified, the other dimension is automatically
determined. For example, if the dimensions b, d and e are

specified, the dimension c is determined as follows:

25 r={(b-a-d)2+e2}1/2 ...Eq. 1
f=1-d-r ...Eq. 2
c=b+f

Accordingly, if the values of the dimensions b, d and e

11
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DETAI LED DESCRI PTI ON OF THE EMBODI MENTS 15 An enbodient of the
present invention wll be descri bed below with referen@ﬁsg@amaakaukmhmd

acconpanyi ng draw ngs. Fig. 1 is a general perspective VI
bendi ng machi ne for el ectronic conponents according to t mﬁmm ﬁ“(m
invention. A base 1 is fixed on a base block 10 installed 20

floor surface in a plant or the like. A noving plate 2 is installed

on the base 1 so as to be novabl e in one direction on a horizontal

pl ane. The directio S b a

di recti on. ﬁrﬁeaaec rled ﬁgp&PP“ﬁ%g n% eWs%5P§ogge hagnafggcéaséh% A
| ead 25 SHB@@%Eoﬁeb'%ﬁek%C&%%I@%o& b%%@l%ﬁpBQr&hEIXeddﬁﬁﬁbemP5bramd
a | ead support novable nenber 52 is installed on the |ead port

bl ock 53. Thg Xhaxileadi sepport devier wandpdhg POSltéPﬂe§tW@ﬁrﬁntﬂﬁ|ch t he
moving platgl%tggvgidt%%%%qo%p%fa%%% lead is held by the lead holding
5 device can be calculated according to Eq. 1 and Eq. 2. It
is also possible to calculate the radius r of a circular
arc-shaped locus along which the lead holding device holding
the distal end portion of the lead moves. In other words,
the lead root portion is fixedly supported at the position
10 0, and the lead distal end portion is held at a portion
thereof closer to the distal end than the position S and
moved along a circular arc centered at the position O and
having a radius r from the locus starting position S to the
locus terminating position G. A circular arc-shaped locus
15 can also be calculated by specifying the values of three of
the dimensions b, ¢, d and e other than those mentioned
above. Other specifying methods may also be employed. For
example, it:is also possible to specify the dimensions d, r
and e instead of specifying the values of three of the
20 dimensions b, ¢, d and e.

The lead bending machine for electronic components is
controlled by a controller 6 as shown in Fig. 8. As the
controller 6, a numerical control system, a programmable
controller, etc. can be used. The controller 6 has a CPU 60

25 to execute various kinds of data processing. A ROM 62, a
RAM 63, and a fixed disk unit 64 are connected to the CPU 60
through a bus 61. The CPU 60 operates according to a system

program and data stored in the ROM 62 and a program and data
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- 6- ‘ fromthe | ead support device. Leads of an electronic e
conmponent are positioned and fixedly placed on a table (not g3 o shown in

the figure). The | eads of the el ectronic conponent are 2@Beel) Replaceq
clanmping the root portions of the leads 5 bet ween t he Ieadz
menber 51 and the | ead support novabl e menber 52 fromth l

| ower sides

loaded into the RAM 63.

The RAM 83 contains a locus computing program 631 for
calculating each parameter of a circular arc-shaped locus
according to Egs. 1 and 2 from data concerning the

5 dimensions b, d, e, etc. inputted by the operator. The
fixed disk unit 64 contains various application programs and
the locus computing program 631 loaded into the RAM 63 so as
to be executed by the CPU 680, together with dimension
patterns of lead bend shapes pre-entered according to the

10 type of electronic component. An input/output unit 85 is a
flexible disk unit, a paper tape reader, etc., whereby pre-
entered dimension patterns of a lead bend shape prepared in
advance can be read from an external storage medium, e.g. a
flexible disk, and conversely, the dimension patterns of a

15 lead bend shape in the controller 6 can be saved to an
external storage medium.

A display device 66 and an input device 87 are
connected ta the bus 61 of the controller 86 through
respective interface circuits, thereby allowing information

20 to be inputted and outputted through interaction with the
operator. As the display device 68, a CRT, a liquid-crystal
display panel, etc. can be used. As the input device 67, a
keyboard, etc. can be used. With the input device 87, the
operator inputs various dimensions to specify a lead bend

25 shape or selects pre-entered dimension patterns to specify a
lead bend shape. The controller 8 sends commands to a
driving and positioning device 7 according to various

parameters of a circular arc-shaped locus calculated from
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t her eof . Fig. 2 is a sectional side view of the-l-ead-bending _

machi ne for el ectronic conponents. An X-axis guide 11 'f%m provi ded to
extend in the X-axis direction on the base 1. An e l3!=elere:i:IAcelds
gui ded on the X-axis guide 11 so as to be nnvablel

direction. The X-axis slider 12 IS secured to the | the
novi ng plate 2, thereby enabling the noving plate 2 to ane s

in the 15 X-axis direction. The noving plate 2 |s drlven in the X—
axi s direct, b of an, X-axi s, servono t put
Shart Cof -r i tRad el ate SN 1% BiSHEEITRL proceadty oo e iEdY
screw 23 t iiQugih@hnt oS BRI NNk oddrANFdMthe X-axi¥ aldradntdhe
out put shaft is transmtted to the X-axis 20 ball screw 23. The X-axis

bal|l screw2i3 Hawe dfraxisisetiegmotor 31 and the cylinder device 43.
Fig. 9 is a chart showing the sequence of motions of
5 the lead bending machine for electronic components. In
motion 600, each part of the machine is in its initial
position, and the X-axis servomotor 21, the Y-axis
servomotor 31 and the cylinder device 43 are not in action.
Next, in motion 601, the electronic component P is
10 positioned and placed on the table T. Next, in motion 602,
the X-axis servomotor 21 and the Y-axis servomotor 31 are
driven to move the lower lead holding member 41 and the
upper lead holding member 42 to a position for holding the
distal end of the lead L in a state where the lower lead
15 holding member 41 and the upper lead holding member 42 are
open, thereby positioning them. Next, in motion 603, the Y-
axis servomotor 31 is driven to urge the lead support .
movable member 52 toward the lead support fixed member- 51,
thereby fixedly supporting the root position of the lead L.
20 Position setting has previously been made such that when the
root of the lead L is fixedly supported, the lower lead
holding member 41 is located at the starting point of the
circular arc-shaped locus.
Next, in motion 604, the cylinder device 43 1is driven
25 to urge the upper lead holding member 42 toward the lower
lead holding member 41, thereby holding the distal end
portion of the lead L. Next, in motion 605, the X-axis

servomotor 21 and the Y-axis servomotor 31 are driven to
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Aut .24 screwed thereon. The X-axis ball nut 24 is nonr ot at abl'y "secured
to the noving plate 2 through a connecting member ZSTmAgggﬁgggg Xqﬂce
noving plate 2 is driven rectilinearly in the X-axis

rotation 25 of the X-axis servonotor 21. The ﬁlu'r
el ectroni c conponent are held at their di stal end por

| oner | ead hol di ng nmenber 41 and an upper |ead hol di ng nenber 42 and
bent into a

cause both the lower lead holding member 41 and the upper
lead holding member 42 to move along the calculated circular
arc-shaped locus in a state where the distal end of the lead
L is held therebetween, thereby bending the lead L into a

5 predetermined shape. During this operation, the driving
roller 56 also moves in association with the movement of the
lower lead holding member 41 and the upper lead holding
member 42. However, becauée the movement of the driving
roller 56 is absorbed by the spring 55, there is no

10 likelihood that the fixedly supported root position of the
lead L will disengage from the lead support device. Next,
in motion 6068, the cylinder device 43 is opened to reléase
the distal end of the lead L from the hold. Finally, in
motion 607, the Y-axis servomotor 31 is driven to release

15 the lead root portion from the support, and the lower lead
holding member 41 and the upper lead holding member 42 are
returned to their initial positions by the X-axis servomotor
21 and the Y~axis servomotor 31. By repeating the above-
described motions, leads of electronic components are bent.

20 Although in this embodiment the lower lead holding
member 41 and the lead support movable member 52 are driven
in interlocked relation to each other by a single ball screw
having threads cut on the upper and lower portions thereof
in inverse relation to each other, it should be noted that

25 the lower lead holding member 41 and the lead support
movable member 52 need not necessarily be driven by such a
driving mechanism. It is also_possible to use a driving

mechanism that drives the lower lead holding member 41 and

15




predeterm ned shape. At this tinme, the root portions of the - teads are
cl anped between the | ead support fixed nenber 51 andTﬁ ﬁmt

novabl e menber 52 and thus i mmovably supported. The

menber 41 and the lead 5 support novabl e nenber 52 are dr| H

direction, which is a vertical direction, by a Y-axis s

An out put shaft of the Y-axis servonotor 31 is connected to a Y-aX|s
ball screw 33 through a Y-axis coupling 32. The upper Ideaddholding3
menber 42 i drlve in the Y-a l.rectio y yl i nder device
through a C;PIH&& [Famport mpya ey memberﬂﬁf q§%F e&ﬂeéﬁﬂgrﬁgdeﬁégN
showi ng theg¥npaXxi.s direction driving mechanismfor the |ower |ead
hol di ng nmenber 41 and t he upper | ead hol di ng nenber 42, together with

the | ead 15 supdrth rbinealflor eperitey axZ.angemen tyerthiec pire¥eati 4 ngenddon35
provides the following advantageous effects:

5 The lead bending machine according to the present
invention can deal with various lead bend shapes of a great
variety of electronic components as a general-purpose
machipe without a need of changing benders. Therefore,
bending can be carried out with a high degree of efficiency.

10 Moreover, it is also easy to deal with a new type of
electronic components.

By inputting bend shape dimensions of leads of
electronic components, each parameter of a locus of travel
for a lead bending operation 1s automatically calculated to

15 carry out bending. Therefore, the machine is easy to
operate and can be operated by anyone.

In the arrangement wherein  -the movement along the Y-
axis of the lead holding device holding the lead distal end
portion and the urging drive for the lead support device

20 supporting the lead root portion are caused by driving a
single ball screw having threads cut thereon in inverse
‘relation to each other, the number of control axes can be
reduced, and the arrangement of the controller can be
simplified. Thus, the costs can be reduced.

25 Although the present invention has been described
through specific terms, it should be noted here that the
described embodiments are not necessarily exclusive and that

various changes and modifications may be imparted thereto

16
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e fixed on the novi ng plate 2. The Y-axis guides 35 haye a col ummar

shape and guide a |l ower noving plate 411, an upper et hiapBeen Redlbcen d
aroller retaining plate 561 in the Y-axis direction. |
screw 33, which is 20 driven by the Y-axis servonotor 31, I al |
screw 331 and an upper ball screw 332 in the | ower and upper

portions, respectively, of the central part of the Y-axis bal |l screw
33. The lower ball screw 331 and the upper ball screw 332 have

respective threads cut thereon in inverse(%fﬂ{ | vt tom edcieibthfer with
the same pitch.. ..oarting Heohowee $0R€ strew 331 has a | ower ball nut 341
screwed twevRRWE 4RR2T Gwer bal | nutngél& i $al@ér ot at abl y secured to the
| ower movj figs pbat soddly WietheuwPPPRa .
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-8 - hol di ng mermber 41 is secured to the distal-end portion.of.
the I ower noving plate 411. Accordingly, the |lower |ead

menber 41 can be noved in the Y-axis direction by IHIHI’.” H]
the Y-axis ball screw 33 by the Y-axis 5 servonotor

screw 332 has an upper bal | nut 342 screwed thereon The upper bal
nut 342 is nonrotatably secured to the roller retaining plate 561. A
driving roller 56 is rotatably supported at the distal end portion of
the roller retaining plate 561. w%ﬁ\c[orl@ Qﬂ,lA)iME.IDh%S‘

1. A lead bending machine for electronic components, said

machine comprising:

lead holding means for holding a distal end of a lead

5 of an electronic component;

a first driving mechanism that causes said lead holding
means to move along a first axis of travel;

a second driving mechanism that causes said lead
holding means to move along a second axis of travel

10 perpendicularly intersecting said first axis of travel; and

control means for controlling said first driving
mechanism and said second driving mechanism such that said
lead holding means holding the lead of said electronic

component moves along an approximately circular arc-shaped

15 locus, thereby bending the lead of said electronic
component.
2. A lecad bending machine for electronic components

according to claim 1, wherein said lead holding. means

comprises a first lead holding member and a second lead

20 holding member, which are movable toward and away from each
other.
3. A lead bending machine for electronic components

according to claim 2, wherein said first driving mechanism
includes a ball screw and a ball nut, and
25 said second driving mechanism includes a ball screw and
a ball nut for driving said first lead holding member,
said lead bending machine further comprising a c¢ylinder

device that urges said second lead holding member toward

18
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10 driving roller 56 can be noved in the Y-axis direction by
rotatively driving the Y-axis ball screw 33 by the Y-axis servonotor -

31. Because the | ower ball screw 331 and the uppelunﬂ",
332 have respective threads cut thereon in inverse 15 rel mmuﬂmmﬂ
other, the rotation of the Y-axis ball screw 33 causes*thé driWMwng +

roller 56 and the | ower | ead hol di ng nmenber 41 to nove vertically
t hrough equal di stances in opposite directions to each other. The

driving roller, 5 .S ed in an engagenent groove 541 of an
engagenent 5814 ngﬁ5§F d£ad %f EngeMPETdr i ving roller 56 in the Y-axis

direction, yhe |%ade%HPB%th%%VﬁE%%l%%”@%& éaeE%?oQQcuﬁgﬁgonentEomard the
| ead support fixed menber 51 through a spring 55. e engagenent

nechanlsn1oa0ph§ddn@v¢@gamalb@m 53¢ adaimsel to éngﬁgeﬁhnr goopvésiag i s
adapted to ngﬁ %E%por%dmea%s for supporting a root portion of the lead
5 of said electronic component in a fixed state.
5. A lead bending machine for electronic components
according to claim 4, wherein said lead support means
comprises a lead support fixed member whose position is
fixed, and a lead support movable member movable toward and
10 away from said lead supﬁort fixed member.
6. A lead bending machine for electronic components
according to claim 5, further comprising a third driving
mechanism that causes said lead support movable member to
move toward said lead support fixed member along said second
15 axis of travel.
7. A lead bending machine for electronic components
according to claim 6, wherein said third driving mechanism
includes a ball screw and a ball nut, and
said ball screw of said second driving mechanism and
20 said ball screw of said third driving mechanism are integral
with each other and have respective threads cut thereon in
inverse relation to each other with the same pitch.
8. A lead bending machine for electronic components
according to any one of claims 1 to 7, further comprising:
25 input means for inputting dimensions of a bend shape of
the lead of said electronic component; and
computing means for arithmetically determining a lead

holding position of said lead holding means and a circular
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25 .novabl e nenber 52 independently of the novenent in th

moverent in the X axi S direction of the . Moving pla eﬁ!ﬁﬂHlmmm lﬂﬂl ﬂT

-9- The upper noving plate 421, which has the upper' dads ~+
hol di ng menber 42 secured to the distal end portion thereof,

arc-shaped locus of travel from data concerning the

dimensions inputted from said input means.
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is driven to press in the Y-axis direction by the cylinder devi ce 43
t hrough the cylinder shaft 44. Consequently, the 5 upper |ead hol di ng

menber 42 is urged toward the | ower |ead hol di ng nmenber 41. In a state
where the upper |ead hol ding menber 42 is urged toward the | ower |ead
hol di ng nmenber 41 by an air pressure or the like, when the | ower |ead
hol di ng menber 41 noves, the upper |ead hol di ng nenber 42 al so noves
10 together with it so as to foll ow the novenent of the | ower | ead
hol di ng menber 41 while being held in the urged state. Fig. 4is

an enlarged front view of the | ead supB8TRACT  device for fixedly

suppor ti ng the rQoL.0gEL 08 fhckeddaaOhepaingathoRL! £BCoFpIPARATL

during the bending®o par ead support

device is s8eMPohBnBs that $6CthpABLeVoEWellOngS1Eada seCvhpnalisVigpesf
the | ead support device as seen fromthe arrow A-Ain Fig. 4. The

| ead suppor@fd@%?@§rpglpngvappeén@ﬁ Whéhpéédasuppérbeaoekeat vagletyhe

| ead Suppor Lob] ookt 53 | Snfxedly St ALY eegat 080 80no1 RERE devidRorbad

support deVIce conprises suppor
holding the distal end of a lead of an electronic component.

A first driving mechanism causes the lead holding device to
move along a first axis of travel. A second driving
mechanism causes the lead holding device to move along a

10 second axis of travel perpendicularly intersecting the first
axis of travel. A control device controls the first driving
mechanism and the second driving mechanism such that the
lead holding device holding the lead of the electronic
component moves along an approximately circular arc-shaped

15 locus, thereby bending the lead of the electronic component.
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fi'xed member 51, which is a | ower nember whose position is fixed, and

the | ead support novabl e nenber 52, which is an upper nenber. As has
been stated above, the | ead support novabl e menber 52 is urged toward
the | ead support fixed 25 menber 51 the Y-axis servonotor 31 and the
Y-axi s ball screw 33. Qui de bars 57 are secured to the
engagenent nenber 54 I n such a manner as to extend in the Y-axis
direction. An - 10 -

Fig.1




upper |ead support member nounting part 521 and a | ower |ead support
menber nounting part 511 are fitted on the guide bars 57 so as to be
nmovabl e rel ative to each other. The gui de bars 57 enable the )
engagenent nenber 54 and the lead 5 port novable nmenber 52 to nove in
the Y-axis direction and guide themw th respect to the | ead support
fi xed nmenber 51. By lowering the driving roller 56 engaged in the
engagenent groove 541, the engagenent nenber 54 is noved downwar dl y,
and further, the | ead support novable nenber 52 10 i's nmoved downwar dl y

t hrough the spring 55, thereby fixedly supporting the root portions
of the | eads. Even after the | ead support novabl e nenber 52 has cone
in contact with the | ead root portions, the engagenent nenber 54 is
further noved downwardly until the supporting force fromthe spring

Fig.2
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15 55 reaches a predeterm ned nmagnitude. The upper | ead
support nenber nounting part 521 and the | oner | ead support nenber
nounting part 511 have spaces 522 and 512 formed therein,
respectively, so that the upper lead 3,8 holding nenber 42 and the |ower
| ead hol di ng nmenber 41 can 20 freely nove in both the X- and Y-axis

directions in the spaces 522 and 512. Fig. 6 _shows the way
in which a | ead of an el ectronic conponent P is bent. The el ectronic
conponent P is positioned and fixedly supported on a table T. The
table T 25 hol ds the el ectroni c conponent P by vacuumor the |Iike and
has an i ndexing function whereby a lead L of the electronic conponent
Pthat is to be worked is indexed to a working position. Wth the root

portion of the F?gd'& press-
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-11- supported by the | ead support fixed nenber 51 and the | ead
support novabl e nenber 52, the distal end portion of the lead L is
cl anped between the | ower |ead hol ding nmenber 41 and the upper | ead
hol di ng menber 42. Then, the X-axis a/g servomotor 21 and the Y-axis
servonotor 31 are controlled such that the | ower |ead hol di ng nenber
41 and t he upper

Fig.4
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| ead hol di ng nember 42 draw a circul ar arc-shaped | ocus as shown in

the figure, thereby bending the |ead L. Fig. 7 shows the

di rensi ons of each part of a bend 10 shape of the lead L of the

el ectroni c conponent P. The el ecgy@ni c conponent P is positioned on
t he tabl e such that the center of the electronic conponent Pis

coi ncident wth the center line Mof the table. The dinension a of

t he el ectronic conponent P fromthe center thereof to the root 15
portion of the lead L and the dinension 1, which indicates the I ength
of the lead L, are dinensions determ ned according to the type of

el ectroni ¢ conponent. The bend shape of the lead L is determ ned by

t he di mensions b, c, d and e. However, because the dinensions a and 1

have al r eady

Fig.5
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20 'been determ ned according to the type of electronic conponent,
if the values of three of the dinensions b, c, d and e are specified, ..

the other dinension is automatically determ ned. For exanple, if the °

di mrensions b, d and e are speci figgg, the dinmension ¢ is determ ned as
foll ows: 25 r={(b-a-d)[err]+elerr]}[err]

Eq. 1 f=l-d-r . .. Eq.
2 c=b+f Accordingly, if the values of the
di mrensions b, d and e

Fig.6




- 12 - are specified by inputting themfrom an input device, the
position O where the root portion of the lead is supported by the
| ead support device and the position S where the di stal end portion of
the lead is held by the |lead holding §/gdevice can be cal cul ated accordi ng
to Eq. 1 and Eq 2. It Is al so possible to calculate the radius r of
a circul ar ﬁgc 7shaped | ocus al ong which the I ead hol di ng device

t he

hol di ng I stal end portion of the | ead noves. In other words,
the lead root portion ié fixedly sypported at the position 10 0, and the
| ead distal end portion is held at |[a portion | theregf closer to the
distal end than the position S and

p —M
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noved along a circular arc centered at the position 0 and havi ng a
radius r fromthe | ocus starting position Sto the | ocus term nating
position G A circular arc-shaped Iocg§8 can al so be cal cul ated by
speci fying the values of three of the dinensions b, ¢, d and e other
t han those nenti oned above. Ot her specifying nethods may al so be

enpl oyed. For exanple, it is also possible to specify the dinensions
d, r and e instead of specifying the values of three of the 20

di rensions b, c, d andFég. The | ead bendi ng nachi ne for

el ectroni c conponents is controlled by a controller 6 as shown in F|g
8. As the controller 6, a numerical "TontTol" System a programmabl e
controller, etc. can be usehq The contgoller 6 has a CPU 60 25 to execute
vari ous kinds of data processNhg. . A ROM 62, i RAM 63, and a fixed
disk unit 64 are connected to {he!mti®) pasition 4hrough a bus 61. The CPU 60
operates according to a syste aTaalsl datia stored in the ROM 62
and a program and data

601 Y
N Position and place

electronic component

602
~N Movetolead
holding position
603 - Y
' Support lead root
portion
604 Y
N Hold lead distal
end portion
605 i

N Move lead distal end
portion along circular
arc to effect bending

606 3
N Release lead distal
end portion
- 607 y
N Return to
initial position




- 13 - | oaded into the RAM 63. The RAM tains a
|.ocus conputing program 631 for cal cul ati ng each par ngﬁqmggw; oy
circul ar arc-shaped | ocus according to Egs. 1 and 2 datg = 't

fixed disk unit 64 contains various application prograns apd

;
concerning the 5 dinensions b, d, e, etc. inputted by the OQfﬁaLQsﬂgg%

u
conputing program 631 | oaded into the~ RAM 63 so as to

t he CPU 60,
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25

t oget her with di mension

LEAD BENDING MACHINE FOR ELECTRONIC COMP

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a lead bending machine
for electronic components that is capable of bending leads
of electronic components without straining the electronic
components by causing the leads to move along a circular
arc. More particularly, thg present invention relates to a
lead bending machine for electronic components that is
capable of dealing with a great variety of electronic
components varying in shape from each other.

2. Description of the Background Art

In general, bending of leads of electronic components,
e.g. LSIs, is carried out by press working, and there have
been cases where excessive force applied to an LSI package
or gold wire for bonding may cause damage to these portiomns.
Accordingly, the present inventor proposed an apparatus
wherein the leads of electronic components are bent by
causing the leads to move along a circular arc using a
bender comprising a movable punch and a movable die as in
Japanese Patent Application Post-Examination Publication
No. T7-95578.

The conventional apparatus that uses a bender as in
Japanese Patent Application Post-Examination Publication
No. 7-95576 suffers from the problem that because there are
a great variety of electronic components varying in the

shape, length and bend dimensions of leads, it is necessary




patterns of | ead bend shapes pre- entered accordrng to tha 10???# e-

el ectroni c conponent. An input/output unit 65 is a if SRR

unit, a paper tape reader, etc., whereby pre- ent er ed {di"itensie
patterns of a | ead bend shape prepared 2 - advance can bé‘regd fﬁ%ﬁ] n
external storage nedium e.g. a f1exi bl e di sk, and cpnversely,'

di nensi on patterns of a 15 | ead bend shape in the cont oIIer

saved to an external storage-nediy |

and an i npdC Y& @eserecd@el-purpocs@mb@erd@a fort néceu§yef 8
6 through omgo?l%@ﬁ%tlvel‘h'[eqlet rgce Sy Q'%Jet Sumber By daktfeweﬁsz k9pesmBki on
pat ou g

20 to be |n and 't hr.ou interaction wt

oper at or. A&ebh&r@lapbamekﬂédxadﬂﬂ am @REreaslki qui dher yokdl of bendespl ay
panel, etc. can be used. As the input device 67, a keyboard, etc. can

be used. W CHUSRS jthsuvoging copt FﬁeincreaéﬁeraNBFePNSEtst &ri ous
di mensi gns E%n%@%%'%ﬁ&ildﬁﬁagﬁ%ﬂé has the disadvantage that it. takes a

great deal of time to cope with the demand for bending the
leads of a new type of electronic components because the
production of a bender takes a long time. In addition,
during the actual working operation, it takes a great deal
10 of time and labor to change_Benders according to the type of
electronic components, and this causes the working

efficiency to decrease.

SUMMARY OF THE INVENTIdN

15 Accordingly, an object of the present invention is to
provide a general-purpose lead bending machine for
electronic components that is capable of bending leads of
various types of electronic components without a need of a
lgreat variety of benders.

20 To attain the above-described object, the present
‘invention provides a lead bending machine for electronic
components which includes a lead holding device for holding
the distal end of a lead of an electronic component, and a
first driving mechanism that causes the lead holding device

25 to move along a first axis of travel. The lead bending
machine further includes a second driving mechanism that
causes the lead holding device to move along a second axis

of travel perpendicularly intersecting the first axis of



25 shape or selects pre-entered dinension patterns to s eBLPM%&ﬁQ_gr HEET

| ead bend shape. The controller 6 sends commands to a
posi tioning device 7 according to various par amet er s | of [ I
arc-shaped | ocus cal cul ated from D5 BEL ﬁé?

14 -

driving and positioning control for the X-axis servonotor

10

15

20

25

the | ead bend shape and a piedetern1ned proceglu

travel, and a control device for controlling the first
driving mechanism and the second driving mechanism such that.
the lead holding device holding the lead of the electronic
component moves along an approximately 01rcu1ar arc-shaped
locus, thereby bending the;iead of the electronic component.

In the above-described lead bending machine for
electronic components, the lead holding device preferably
includes a first lead holding member aﬁd a second lead
holding member, which are movable toward and away from each
other.

It is preferable that the first driving mechanism
should include a ball screw and a ball nut, and that the
second driving mechanism should include a ball screw and a
ball nut for driving the first lead holding member, and
further that the lead bending machine should have a cylinder
device that urges the second lead holding member toward the
first lead holding member.

It is preferable for the lead bending machine to
include a lead support device for supporting the root
portion of the lead of the electronic component in a fixed

state.
It is preferable for the lead support device to include

a lead support fixed member whose position is fixed, and a
lead support movable member movable toward and away from the
lead support fiked member.

It is preferable for the lead bending machine to
include a third driving mechanism that causes the lead

support movable member to move toward the lead support'fixed



- . I

21, the Y-axis servonotor 31 and the cylinder device 43. HEPLACERM BN SHEET
Is a chart show ng the sequence of notions of 5 the | ead bprmdrmg-—nmeachin
for electronic conponents. In notion 600, each part jof|tpe; riE&hiIng

isinits initial position, and the X-axis servonotor {21} the Y-axis

servonotor 31 and the cylinder device are not in action. NEXT; TN

notion 601, the electronic conponent P is 10 positioned and placed on the

table T. Next, in notion 602, the X-axis servonotor 2T and tne
Y-axi s sermembeor alongr §he secoddi aghst ofnbvavehe | ower | ead hol di ng nenber

41 and the 1t"P8%h re827 B0 LRt "BRB En e’ r VPSR’ hbSRaf Pin O i NG the
should include a ball screw and a ball nut, and that the
ball screw of the second driving mechanism and the ball

5 screw of the third driving mechanism should be integral with
each other and have respective threads cut thereon in
inverse relation to each other with the same pitch.'

It is preferable for the lead bending machine to

include an input device for inputting dimensions of a bend

10 shape of the lead of the electronic component, and a
computing device for arithmetically determining a lead
holding position of the lead holding device and a circular
arc-shaped locus of travel from data concerning the
dimensions inputted from the input device.

15 Other objects and advantages of the present invention
will become apparent from the following description taken in

connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 1is a general perspective view of a lead bending
machine for electronic components according to the present
invention.

Fig. 2 is a sectional side view of the lead bending

machine for electronic components.

25 Fig. 3 is an enlarged view of a Y-axis direction
driving mechanism for lead holding members and'a driving
mechanism for lead support members.

Fig. 4 is an enlarged front view of the lead support



distal end of the lead L in a state where the |ower lead 13 pbsldimngt SHEET
menber 41 and the upper |ead hol di ng nenber 42 are opet], fhere \.
posi tioning them Next, in notion 603, the Y- axis serjv nn@gr;§g~g%7
driven to urge the | ead support movabl e menber 52 towdrd tH8 IMxd™
support fixed nenber 51, t her eby" {3 xedl y supporting t e Sh-ti-on-!
of the lead L. 20 Position setting has previously been ma such that

Lihuwor. 1. .aad

when t he root of the lead L is fixedly supported, the
hol di ng memgembéks.s | ocated at the starting point of the circul ar
arc-shaped | ocus. Next, in notion 604, the cylinder device 43 is

driven 25 to uFde -t e igpgesacddonadl diley wantre d2adonyPpaorie MEBREL S

as seen from the arrow A-A in Fig. 4.

Fig. 6 shows the way in which a lead of an electronic
5 component is bent.

Fig. 7 shows dimensions of various portions of a bend
shape of a lead of an electronic component. -

Fig. 8 is a diagram showing the arrangement of a
controller of the lead bending machine for electronic

10 components.
Fig. 9 is a chart showing the sequence of motions of

the lead bending machine for electronic components.

DETAILED DESCRIPTION OF THE EMBODIMENTS
15 An embodiment of the present invention will be
described below with reference to the accompanying drawings.
Fig. 1 is a general perspectivelview of a lead bending
machine for electronic components according to the present
invenfion. A base 1 is fixed on a base block 10 installed
20 on the floor surface in a plant or the like. A moving plate

2 is installed on the base 1 so as to be movable in one

direction on a horizontal plane. The direction of the
movement is assumed to be an X-axis direction. A lead
support block 53 is also fixed on the base 1. A lead

25 support device including a lead support fixed member 51 and
a lead support movable member 52 1s installed on the lead
support block 53. The X-axis direction is set to be a

direction in which the moving plate 2 moves toward and away



| ead hol di ng nenber 41, thereby hol ding the distal end Pp@r&u@anfplhe_

l.,ead L. Next, in notion 605, the X-axis servonot or 21 jan V- ax et
servonotor 31 are driven to -15- L
cause both the | ower |ead hol di ng nenber 41 and the upper Gﬁegébhﬁﬁai g
menber 42 to nove al ong the cal cul at ed éifcular arc-ghdped | ocus in

state where the distal end of the |ead L is held thejebetween, thereby
bending the lead L into a 5 predeterm ned shape. Durilbg-this gperation,

the drivingrom the lead support device. Leads of an electronic

10

15

20

25

component are positioned and fixedly placed on a table (not
shown in the figure). The leads of the electronic component
are supported by clamping the root portions of the leads
between the lead support fixed member 51 and the lead
support movable member 52 from the upper and lower sides
thereof.

Fig. 2 is a sectional side view of the lead bending
machine for electronic components. An X-axis guide 11 is
provided to extend in the X-axis direction on the base 1.

An X-axis slider 12 is guided on the X-axis guide 11 so as
to be movable in the X-axis direction. The X-axis slider 12
is secured to the lower surface of the moving plate 2,
thereby enabling the moving plate 2 to move smoothly in the
X-axis direction. The moving plate 2 is driven in the X-
axis direction by the power of an X-axis servomotor 21. An
output shaft of the X-axis servomotor. 21 is connected to an
X-axis ball screw 23 through an X-axis coupling 22, and thus
rotation of the output shaft is transmitted to the X-axis
ball screw 23. The X-axis ball screw 23 has an X-axis ball
nut 24 screwed thereon. The X-axis ball nut 24 is
nonrotatably secured to the moving plate 2 through a
connecting member 25. Accordingly, the moving plate 2 is
driven rectilinearly in the X-axis direction by the rotation
of the X-axis-servomotor 21.

The leads of the electronic component are held at their
distal end portlions between a lower lead holding member 41

and an upper lead holding member 42 and bent into a
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An output shaft of the Y-axis servomotor 31 is connected to

a Y-axis ball screw 33 through a Y-axis coupling 32. The
upper lead holding member 42 is driven in the Y-axis

10 direction by a cylinder device 43 through a cylinder shaft
44.

Fig. 3 is an enlarged view showing the Y-axis direction
driving mechanism for the lower lead holding member 41 and
the upper lead holding member 42, together with the lead

15 support movable member 52. Four vertical Y-axis guides 35
are fixed on the moving plate 2. The Y~axis guides 35 have
a columnar. shape and guide a lower moving plate 411, an
upper moving plate 421 and a roller retaining.plate 561 in
the Y-axis direction. The Y-axis ball screw 33, which is
20 driven by the Y-axis servomotor 31, has a lower ball screw
331 and an upper ball screw 332 in the lower and upper
portions, respectively, of the central part of the Y-axis
ball screw 33. The lower ball screw 331 and the upper ball
screw 332 have respective threads cut thereon in inverse
25 relation to each other with the same pitch.

The lower ball screw 331 has a lower ball nut 341

screwed thereon. The lower ball nut 341 1s nonrotatably

secured to the lower moving plate 411. The lower lead
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the lower moving plate 411. Accordingly, the lower lead
holding member 41 can be moved in the Y-axls direction by
rotatively driving the Y-axis ball screw 33 by the Y-axis

5 servomotor 31. The upper ball screw 332 has an upper ball
nut 342 screwed thereon. The upper ball nut 342 is
nonrotatably secured to the roller retaining plate 561. A
driving roller 56 is rotatably supported-at the distal end
portion of the roller retaining plate 561. Accordingly, the

10 driving roller 56 can be moved in the Y-axis direction by
rotatively driving the Y-axis ball screw 33 by the Y-axis
servomoéor 31.

Because the lower ball screw 331 and the upper ball

screw 332 have respective threads cut thereon in inverse

15 relation to each other, the rotation of the Y-axis ball
screw 33 causes the driving roller 56 and the lower lead
holding member 41 to move vertically through équal distances
in opposite directions to each other. The driving roller 56
is engaged in an engagement groove 541 of an engagement

20 member 54. By moving the driving roller 56 in the Y-axis
direction, the lead support movable member 52 can be urged
toward the lead support fixed member 51 through a spring 55.
The engagement mechanism of the driving roller 56 and the
engagement groove 541 is adapted to urge the lead support

25 movable member 52 independently of the movement in the X-
axis direction of the moving plate 2. The engagement groove
541 absorbs the movement in the X-axis direction of the

moving plate 2.
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member 42 is urged toward the lower lead holding member 41

by an air pressure or the like, when the lower lead holding
member 41 moves, the upper lead holding member 42 also moves
10 together with it so as to follow the movement of the lower
lead holding member 41 while being held in the urged state.
Fig. 4 is an enlarged front view of the lead support
device for fixedly supporting the root portions of leads of
an electronic component during the bending of the leads, in
15 which a part of the lead support device is shown in a
sectional view. Fig. 5 is a sectional view of the lead
support device as seen from the arrow A-A in Fig. 4. The
lead support device is installed on the lead support block.
53. The lead support block 53 is fixedly installed on the
20 base 1. The lead support device comprises the lead support
fixed member 51, which is a lower member whose position is
fixed, and the lead support movable member 52, which is an
upper member. As has been stated above, the lead support
movable member 52 is urged toward the lead support fixed
25  member 51 by the Y-axis servomotor 31 and the Y-axis ball
screw 33.
Guide bars 57 are secured to the engagement member 54

in such a manner as to extend in the Y-axis direction. An
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upper lead support member mounting part 521 and é lower lead
support member mounting part 511 are fitted on the guide
bars 57 so as to be movable relative to each other. The
guide bars 57 enable the engagement member 54 and the lead
support movable member 52 to move in the Y-axis direction
and guide them with respect to the lead support fixed member
51. By lowering the driving roller 56 engaged in the
engagement groove 541, the engagement member 54 is moved
downwardly, and further, the lead support movabie member 52
is moved downwardly through the spring 55, thereby fixedly
supporting the root portions of the leads. Even after the
lead suﬁport movable member 52 has come in contact with the
lead root portions, the engagement member 54 is further
moved downwardly until the supporting force from the spring
55 reaches a predetermined magnitude.

The upper lead support member mounting part 521 and the
lower lead support member mounting part 511 have spaces 522
and 512 formed therein, respectively, so that the upper lead
holding member 42 and the lower lead holding member 41 can
freely move in both the X- and Y-axis directions in the
spaces 522 and 512.

Fig. 6 shows the way in which a lead of an electronic
component P is bent. The electronic component P is
positioned and fixedly supported on a table T. The table T
holds the electronic component P by vacuum or the like and
has an indexing function whereby a lead L of the électronic
component P that is to be worked is indexed to a working

position. With the root portion of the lead L press-
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supported by the lead support fixed membef 51 and the lead
support movable member 52, the distal end portion of the
lead L is clamped between the lower lead holding member 41
and the upper lead holding member 42. Then, the X-axis
servomotor 21 and the Y-axis servomotor 31 are controlled
such that the lower lead holding member 41 and the upper
lead holding member 42 draw a circular arc-shaped locus as
shown in the figure, thereby bending the iead L.

Fig. 7 shows the dimensions of each part of a bend
shape of the lead L of the electronic component P. The
electronic component P is positioned on the table such that
the center of the electronic component P is coincident with
the center line M of the table. The dimension a of the
electronic component P from the center thereof to the root
portion of the lead L and the dimension 1, which indicates
the length of the lead L, are dimensions determined
according to the type of electronic component. The bend
shape of the lead L is determined by the dimensions b, c, d
and e. However, because the dimensions .a and 1 have already
been determined according to the type of electronic
component, if the values of three of the dimensions b, ¢, d
and e are specified, the other dimension 1s automatically
determined. For example, if the dimensions b, d and e are

specified, the dimension c¢ is determined as follows:

r={(b-a-d)2+e2)1/2 ...Eq. 1
f=1-d-r ...Eq. 2
c=b+f

Accordingly, if the values of the dimensions b, d and e
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are specified by inputting them from an input deLfee7~%hem-~“m__M

position O where the root portion of the lead is supported
by the lead support device and the position S where the
distal end portion of the lead is held by the lead holding
device can be calculated according to Eq. 1 and Eq. 2. It
is also possible to calculate the radius f of a circular
arc-shaped -locus along which the lead holding device holding
the distal end portion of the lead moves. In other words,
the lead root portion is fixedly supported at the position
O, and the lead distal end portion is held at a portion
thereof closer to the distal end than the position S and
moved along a circular arc centered at the position O and
having a radius r from the locus starting position S to the
locus terminating position G. A circular arc—shapéa ibcus
can also be calculated by specifying the values of three of
the dimensions b, ¢, d and e other than those mentioned
above. Other specifying methods may also be employed. For
example, it-“is also possible to specify the dimensions d, r
and e instead of specifying the values of three of the
dimensions b, ¢, d and e.

The lead bending machinelfor electronic components is
controlled by a controller 8 as shown in Fig. 8. As the
controller 6, a numerical control system, a programmable
controller, etc. can be used. The controller 6 has a CPU 60
to execute various kinds of data processing. A ROM 82, a
RAM 63, and a fixed disk unit 64 are connected to the CPU 60
through a bus 61. The CPU 60 operates according to a system

program and data stored in the ROM 82 and a program and data
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loaded into the RAM 63.

The RAM 63 contains a locus computing program 631 for
calculating each parameter of a circular arc-shaped locus
according to Egqs. 1 and 2 from data concerning the
dimensions b, d, e, etc. inputted by the operator. The
fixed disk unit 64 contains various application programs and
the locus computing program 631 loaded into the RAM 83 so as
to be executed by the CPU 60, together with dimension
patterns of lead bend shapes pre-entered according to the
type of electronic component. An input/output unit 65 is a
flexible disk unit, a paper tape reader, etc., whereby pre-
entered dimension patterns of a lead bend shape prepared in
advance can be read from an external storage medium, e.g. a
flexible disk, and conversely, the dimension patterns of a
lead bend shape in the controller 6 can be saved to an
external storage medium.

A display. device 66 and. an input device 867 are
connected ta:the.bus -6l of the .controller 6 through
respective interface circuits, thereby allowing information
to be inputted and outputted through interaction with the
operator. As the display device 68, a CRT, a liquid-crystal
display panel, etc. can be used. As the input device 67, a
keyboard, etc. can be used. With the input device 67, the
operator inputs various dimensions to specify a lead bend
shape or selects pre-entered dimension patterns to specify a
lead bend shape. The controller 6 sends commands to a
driving and positioning device 7 according to various

parameters of a circular arc-shaped locus calculated from
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Fig. 9 is a chart showing the sequence of motions of
5 the lead bending machine for electronic components. In
motion 600, each part of the machine is in its initial
position, and the X-axis servomotor 21, the Y-axis
servomotor 31 and the cylinder device 43 are not in action.
Next, in motion 601, the electronic component P is
10 positioned and placed on the table T. Next, in motion 602,
the X-axis servomotor 21 and the Y-axis servomotor 31 are
driven to move the lower lead holding member 41 and the
upper lead holding member 42 to a position for holding the
distal end of the lead L in a state where the lower lead
15 holding member 41 and the upper lead holding member 42 are
open, thereby positioning them. Next, in motion 603, the Y-
axis servomotor 31 is driven to urge the lead support
movable member 52 toward the lead support fixed member 51,
thereby fixedly supporting the root position of the lead L.
20 Position setting has previously been made such that when the
root of the lead L is fixedly supported, the lower lead
holding member 41 is located at the starting point of the
circular arc-shaped locus.
Next, in motion 604, the cylinder device 43 is driven
25 to urge the upper lead holding member 42 toward the lower
lead holding member 41, thereby holding the distal end
portion of the lead L. Next, in motion 605, the X-axis

servomotor 21 and the Y-axis servomotor 31 are driven to
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according to any one of clains 1 to 3, further conprising

cause both the lower lead holding member 41 and the upper
lead holding member 42 to move along the calculated circular
arc-shaped locus in a state where the distal end of the lead
L is held therebetween, thereby bending the lead L into a

5 predetermined shape. During this operation, the driving
roller 56 also moves in association with the movement of the
lower lead holding member 41 and the upper lead holding
member 42. However, becauée the movement of the driving
roller 56 is absorbed by the spring 55, there is no

10 likelihood that the fixedly supported root position of the
lead L will disengage from the lead support device. Next,
in motion 606, the cylinder device 43 is opened to reléase
the distal end of the lead L from the hold. Finally, in
motion 607, the Y-axis servomotor 31 is driven to release

15 the lead root portion from the subport, and the lower lead
holding member 41 and the upper lead holding member 42 are
returned to their initial positions by the X-axis servomotor
21 and the Y-axis servomotor 31. By repeating the above-
described motions, leads of electronic components are bent.

20 Although in this embodiment the lower lead holding
member 41 and the lead support movable member 52 are driven
in interlocked relation to each other by a single ball screw
having threads cut on the upper and lower portions thereof
in inverse relation to each other, it should be noted that

25 the lower lead holding member 41 and the lead support
movable member 52 need not necessarily be driven by such a
driving mechanism. It is also possible to use a driving

mechanism that drives the lower lead holding member 41 énd
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a ball screw and a ball nut
provides the following advantageous effects:

5 The lead bending machine according to the present
invention can deal with various lead bend shapes of a great
variety of electronic components as a general-purpose

'machiqe without a need of changing benders. Therefore,
bending can be carried out with a high degree of efficiency.

10 Moreover, it is also easy to deal with a new type of
electronic components.

By inputting bend shape dimensions of leads of
electronic components, each parameter of a locus of travel
for a lead bending operation is automatically calculated to

15 carry out bending. Therefore, the machine is easy to
operate and can be operated by anyone.

In the arrangement wherein the movement along the Y-
axis of the lead holding device holding the lead distal end
portion and the urging drive for the lead support device

20 supporting the lead root portion are caused by driving a
single ball screw having threads cut thereon in inverse
relation to each other, the number of control axes can be
reduced, and the arrangement of the controller can be
simplified. Thus, the costs can be reduced.

25 Although the present invention has been described
through specific terms, it should be noted here that the

described embodiments are not necessarily exclusive and that

various changes and modifications may be imparted thereto
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WHAT IS CLAIMED IS:
1. A lead bending machine for electronic components, said
machine comprising:
lead holding means for holding a distal end of a lead

of an electronic component;

a first driving mechanism that causes said lead holding
means to move along a first axis of travel;

a second driving mechanism that causes said lead
holding means to move along a second axis of travel
perpendicularly intersecting said first axis of travel; and

control means for controlling said first driving
mechanism and said second driving mechanism such that said
lead holding means holding the lead of said electronic
component moves along an approximately circular arc-shaped
locus, thereby bending the lead of said electronic
component.

2, A lead .bending machine for electronic components.
according to claim 1, wherein said lead holding. means
comprises a. first lead holding member and a second lead
holding member, which are movable toward and away from each
other.

3. A lead bending machine for electronic components
according to claim 2, wherein said first driving mechanism
includes a ball screw and a ball nut, and

said second driving mechanism includes a ball screw and
a ball nut for driving said first lead holding member,

said lead bending machine further comprising a cylinder

device that urges said second lead holding member toward
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4, A lead bending machine for electronic components
according to any one of claims 1 to 3, further comprising
lead support means for supporting a root portion of the lead
of said electronic component in a fixed state.

5. A lead bending machine for electronic components
according to claim 4, wherein said lead support means
comprises a lead support fixed member whose position is
fixed, and a lead support movable member movable toward and
away from said lead supﬁort fixed member.

6. A lead bending machine for electronic components
accordihg to claim 5, further comprising a third driving
mechanism that causes said lead support movable member to
move toward said lead support fixed member along said second

axis of travel.

7. A lead bending machine for electronic components
according to claim 6, wherein said third driving mechanism
includes a. ball screw and a ball nut, and

said ball screw of said second driving mechanism and .
said ball screw of said third driving mechanism are integral
with each other and have respective threads cut thereon 1in
inverse relation to each other with the same pitch.

8. A lead bending machine for electronic components
according to any one of claims 1 to 7, further comprising:
input means for inputting dimensions of a bend shape of
the lead of said electronic component; and
computing means for arithmetically determining a lead

holding position of said lead holding means and a circular
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dimensions inputted from said input means.
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LEAD BENDING MACHTNE FOR ELECTRONIC COMPO$ NTS
ABSTRACT ‘

A general-purpose lead bending machine for electronic
components that is capable of bending leads of various types
of electronic components without a need of a great variety
of benders. The machine includes a lead holding device for
holding the distal end of a lead of an electronic component.
A first driving mechanism causes the lead holding device to
move along a first axis of travel. A second driving
mechanism causes the lead holding device to move along a
second axis of travel perpendicularly intersecting the first
axis of travel. A control device controls the first driving
mechaniém and the second driving mechanism such that the
lead holding device holding the lead of the electronic
component moves along an approximately circular arc-shaped

locus, thereby bending the lead of the electronic component.
Figure 2
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TEXT OF THE ABSTRACT

LEAD BENDING MACHINE FOR ELECTRONIC COMPONENTS

A general-purpose lead bending machine for electronic components that is capable of bending

" leads (L) of various types of electronic components without a need of a great variety of
benders. The machine includes a lead holding device (41/42) for holding the distal end of a
lead of an electronic component. A first driving mechanism (21) causes the lead holding
device to move along a first axis of travel. A second driving mechanism (31) causes the lead
holding device to move along a second axis of travel perpendicularly intersecting the first axis
of travel. A control device (6) controls the first driving mechanism and the second driving
mechanism such that the lead holding device holding the lead of the electronic component
moves along an approximately circular arc-shaped locus, thereby bending the lead of the
electronic component.

Fig. 2.
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