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DEVI CE AND METHOD FOR PERFORATI NG PRI NTED Cl RCUI T BOARD The presefPdS's o

I
invention relates to a device for perforating printed circuit boards zr}dogzéé °_
nmet hod of perforation using the perforating device. Prior Art G rcui@ q-5-

boards have conventionally been manufactured usi ng nethods wherein a
multiplicity of circuit patterns are printed on a single substrate having a
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t he substrate and positioning the guide holes by inserting guide pins

provi ded on aadparmethodiof pedierdtion usirtgothe (perforakingy defviges,- t he gui de hol es
provide a basis for determ ning the cutting position and nust be perforated
in accurate posi tBESAItAs a perforating device for such perforation,
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providing at least a pair of guide holes on the substrate and positioning the guide

holes by inserting guide pins provided on a processing device into them. .
Therefore, the guide holes provide a basis for determining the cutting position and
must be perforated in accurate positions.

As a perforating device for such perforation, devices are used wherein when
circuit patterns are printed, marks are provided in a pair of perforating positions in
advance; the marks are imaged by an imaging means such as a TV camera or
X—ray camera provided on the perforating device; perforation is performed by
moving a perforating means such as a drill to positions obtained from image
processing on the same. :As disclosed in Japanese unexamined patent publication
(KOKAY) No. H3(91)-277411, there are devices which include a pair of imaging
means and a pair of perforating means to be able to perforate a paif of holes
simultaneously. In such devices, one each of the imaging means and pe::[omtmg
means are movably provided to allow printed circuit boards of various sizes to be
perforated. The interval between both imaging means in their initial positions are
known in advance. Then, after moving the movable imaging means and
perforating means under numerical control in accordance with the interval between
the holes to be perforated, reference marks for both of them are imaged by the
respective imaging means; image processing is performed to obtain the central
positions of both reference marks; and perforation is performed by both perforating

-means at the central positions.

Problems to be Solved by the Invention




si mul t aneously. In such devices, one each of the inmaging neans and
Yerforating neans are novably provided to allow printed circuit boards of
various sizes to be perforated. The interval between both imgi ng neans in
their initial positions are known in advgnce. Then, after noving the
novabl e i magi ng neans and perforating neans under nunerical control in
accordance with_the interval t he, hol es to,bﬁyﬁgrforated, ref erence
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in the initial state is inaccurate.

Perforating accuracy can be also reduced when a mechanical error occurs as time

passes dependin‘g on the environment in which the machine is used (temperature,
humidity, etc.).

Ball screws are used in some cases to move the movable imaging means and
perforating means from the initial state to the positions where perforation is to be
performed. Since the accuraéy of ball screws is insufficient, the movement is
confirmed using a linear scale to correct an error if any. Such a linear scale is |
expensive and can lead to a cost increase.

It is therefore an object of the present invention to provide a device and

- method for perforating printed circuit boards which allow accurate. perforation by
coping with an error that occurs as time passes without the need for an expensive
scale. |

" Means for Solving the Problems’

In order to achieve the above—described object, according to the present.
invention, there is provided a device for perforating printed circuit boards
characterized in that it comprises a work table on which a printed circuit board
having a pair of reference marks provided thereon, imaging means provided on
fixed and movable sides for imaging the respective reference marks, perforating '
means provided on the fixed and movable sides for'pérforating'the printed circuit
board on the work table based on the result of the imaging of the reference marks,
a first shifting means for adjusting the positions of the imaging means and
perforating means on the fixed side, a second shifting means for shifting the

imaging means and perforating means on the movable side integrally toward and



Perforating accuracy can be al so reduced when a nechani cal error occurs as
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based on the T&surt o e 1 nagl rence marks,
' The jig plate can be attached to and detached from the work table. The jig

plate is preferably made of the same material as that for the printed circuit board.
Further, a method for perforation according to the present inventiqn is
characterized in that the imaging means and perforating means on the movable side
_are shifted by the second shifting means in accordance with the interval between
holes to be perforated on a printed circuit board; each of reference—holes among
the plurality of reference—holes located in the vicinity of both imaging means is
imaged to obtain the center position of each of the refer_énce— holes in image areas
of both imaging means through image processing; the interval between both
imaging -means is calculated based on each of the -center pdsi_tions of the
reference— holes and the interval between the imaged referefxce— holes obtained in
advance; the printed circuit board is set on the work table so that both reference
marks are in the image areas of respective imaging means; both reference marks
are imaged by both imaging means to detect the center positions of both reference
marks through image processing; the interval between both reference marks is
obtained based. on the center position of each of the reference marks and the
- interval between both imaging means, and an error between the interval between.
both reference marks and ‘the interval between'-'the “holes to be perforated is
obtained, and perforating pos_itioﬁs corrected from the center positions of the
reference marks are set by an amount corresponding to the error; and the printed
circuit board is perforated after shifting both perforating means by both shifting

means to the respective perforating positions.



a first shifting neans for adjusting the positions of the inmaging nmeans and
sperforating neans on the fixed side, a second shifting neans for shifting
the i magi ng neans and perforating nmeans on the novable side integrally
toward and 3 away fromthe imgi ng neans and perforating neans on the
fixed side, a jig plate disposed on theét work tabl e, and a plurality of
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invention is characterized in that the imaging means and perforating nmeans
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with the interval between holes to be perforated on a printed circuit

board; eachirpddistédner €Dive-protectiag aylinder 6 includes a shutter 7 provided across the

path 5 which is driven back and forth to open and close the path 5. A guide
groové 8 in the vertical direction is formed on the outer circumference of the
protecting cylinder '

6. A protécting pipe 10 having a path 9 for X—rays in communication with the
path 5 is provided under the protecting cylinder 6 so that it can be moved toward
and away from the work table 1. The protecting pipe 10 is secured to the lower
end of a cylindrical element 13 fitted to the outer circumference of the protecting
cylinder 6. A guide 14 slidable in the guide groove 8 is provided in a part of the
cylindrical element 13. A shield member 12 which can be moved up and down by
a cylinder 11 is provided around the protecting pipe 10. The shield mémber 12 is -
formed by two synthetic resin sheets containing lead arranged in parallel having
vertical slits at appropriate intervals at the skirts thereof and a metal chain disposed
therei_ﬁ for improving the X—ray slﬁelding effect. When a work piece on the table
is irradiated by X—rays, the portion of the skirts abuts on the work piece to seal

| the inside fo allow the X—rays to bé shielded so that they will not leak out.

The X—ray irradiating means having such a configuration is constituted by a
fixed side X~ ray irradiating means 4a provided on the left hand side of Fig. 1 and
a movable side X—ray irradiating means-4b -provided on the right hand side. -The-
movable side X—ray irradiating means 4b includes a nut 15 which engages with a
lead screw 17 rotated by a motor 16. |
Ft'n:ther, the movable side X—ray irradiating means 4b includes a slider 19 which

slides on a rail 18. Therefore, the movable side X—ray irradiating means 2b can



the plurality of reference- holes located in the vicinity of both imaging
: .means is imaged to obtain the center position of each of the reference-
holes in image areas of both inmagi ng neans through i mage processing; the
i nterval between both imagi ng nmeans iszcal cul ated based on each of the
center positions of the reference- hoI%s and the interval between the

| maged reference- holes agbtajned in advance;, the printed circuli} board is
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perforating nmeans by both shifting nmeans to the respective perforating

posi tions. the 4maging means is held on the supporting plate 39 with a clip 40 and a

cylindrical member 41 interposed therebetween. The X-ray camera 2 is
connected to an image processor, central processing unit, and the like for
controlling the operation of the shifting means 20 to be described later and the like
based on image processing on the tfansmitted images of the work piece. A pair of
rails 42 are mounted on one side of the supporting plate 39. A rail éuide 44a is
provided on a retaining frame 44 for retaining the perforating means 3 and fits in
the rails 42 to be slidable on it. The perforating means 3 includes an air spindle
43a, a collect chuck 43b secured to the upper end thereof, and a drilling means
sucﬁ as a dfill 43c held by the collect chuck 43b. The air spindle 43a drives the
drill 43c for rotation to perforate the printed circuit board. A chip cover 45.is
mounted on the

upper end of the perforating means 3.

A description will now be made with mfereﬁce to Fig. 3 on a driving
mechanism 46 for driving the perfofating means 3 in the vertical direction
(Z—direction). A lead screw 48 extending in the Z— direction is rotatably mounted
on the supporting plate 39 with a mounting member 47 interposed therebetween.

The lead screw 48 engages with a nut 49 which is secured to the
above— described retaining frame 44 with a nut-holder 50 interposed theérebétwéen.
The upper end of the lead screw 48 is connected to a belt pulley 51. Further,

a motor 52 is held by the mounting member 47, and the driving shaft of the motor
52 is connected to a belt pulley 53. A belt 54 is stretched around the belt pulieys
51 and 53. Theréfore, when the motor 52 drives the belt pulley 53 for rotation,



Enbodi ment of the Invention Fig. 1 shows an overall structure of a
sperforating device according to the present invention. A pair of X- ray
irradiating neans 4 are supported at a predeterm ned interval above a work
table 1. First, the configuration of the X-ray irradiating neans 4 wll be
described. The X- ray irradiating neans®4 i s connected to a protecting
cylinder 6 which constitutes a path 5 of X-rays for irradiation. The
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The shifting means 20 shifts the imaging means 2 and perforating means 3

located under the work table 1 to operating positions and is constituted by a first
shifting means 20a for shiﬁing the imagine means 2a and perforating means 3a on
the fixed side and a secor_ld shifting means 20b for shifting the imaging fneans 2b
and perforating means 3b on the movable side. They are substantially identical in
configuration except that_their shifting distances in the horizontal direction of Figs.
1 and 2 (X—direction) are different, and pafts having like configurations are
indicated by like reference numbers. _

A pair of rails 29 commonly used for the first and second shifting means 20a
and 20b are provided in the horizontal direction of Figs. 1 and 2 (X—direction).
Sliders 22 are mounted on the rails 29 to be slidable in the X—direction, and an
X—table 23 is mounted on the sliders 22. A nut 24a engaging w1th a short lead
screw 26a connected to a motor 25a is secured to an X—table 23a on the fixed s_ideT

A pair of nuts 24b engaging with a pair of long lead screws 26b connected to a
motor 25b througil a timing belt 35 stretched around a roller. 33 and pulleys 34 in
the form of "T" are secured to an X—table 23b on the movable side. Therefore,
when the motor 25 -drives the lead screw' 26 for rotation, the X-=table 23 is -
moved integrally with the nut 24 in the X—direction. The shifting range of the :
movable side X—table 23b is greater than the .shifting range of the fixed side
X—table 23a.

A rail 27 éxtending in the vertical direction of Fig. 2 (Y—direction) is



Is irradiated by X-rays, the portion of the skirts abuts on the work piece
to seal the inside to allow the X-rays to be shielded so that they will not
| eak out. The X-ray irradiating means having such a configuration is

constituted by a fixed side X-ray |rrad;ft|ng means 4a provided on the left
hand side of Fig. 1 and a novabl e side ray irradiating means 4b provided

Tncl L;Se;iz“?a?ESPf%bfi d“%s&‘é%aa 'degéd oy 3 it lgraﬁezﬁf;s 4?&@1%

F

B EhCEl el Setdel' GF el Sie ' £l AIaFTE Gecilied B8’ S inerdideBF 1
2b f h '

o he ot ory-pfabte 2, ™Y ﬁ‘?hé g E*ﬁove?aﬁ%zé‘?seéﬁ%at ohpttiel &b %PS PoIPE g 7

there is di spasg lach?ﬁerctéH t gﬁg pﬁgu{geagar éf by nma@s§o§tgtabyaa§ hdeldesh the

I mages of the workK prece irra ays, pai'r t1 ng nmeans

3, and a paIX-QJb1éf323ft'?ﬁ%%geé—ae&nbéarﬁk 32 *alghg@émal @E@'léadzs&‘é‘lr 31.
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t he supporting plate 39 with a clip 40 and a
21 moves integrally with the nut 32 in the Y- direction.
As shown in Figs. 1 and 4, on the work table; 1, there is provided a
- through hole 60 in a position facing the imaging means 2a or perforating means 3a
‘on the fixed side and a slot 63 extending in the X- direction in a face—to—face
felationship with the shifting range of the imaging means 2b or perforating means 3
b on the movable side as the movable side X—table 23b is shifted. A jig plate 61
of a sufficient size to cover the through hole 60 and slot 63 is dispdséd on the
work table 1. The jig plate 61 shown in Fig. 5 is made of the same material as
the printed circuit board to be perforated, is fit to a step portion la (see Fig. 1)
and is .secured by a set—screw 6la. The jig p]até 61 has a through hole 61b
which faces the through hole 60 and which is smaller in diameter than the through
hole 60, a slot 61c which faces the slot 63 and.which is smaller in width than the
slot 63, a reference—hole 62 having a $mall diameter formed in each of spot facing
portions 61d provided above and under the through hole 61b, and the spot facing
portions 61d and reference—holes 62 prowded at predetermined intervals above
. and under the slot 6lc. The through hole 61b _a_nd slot 61c are holes through
which the drill 43c is inserted fo -perforate the printed circuit board. The
reference— holes 62 are used fpr confirming the positions of both imaging means 2,
and the interval between the reference- holes 62- is known in advance.
A description will now be made on a method for perforating a printed circuit
board according to the present invention.
In the present embodiment, the printed circuit board to be perforated is a

- layered board on which circuit patterns and reference marks for perforation are not



cylindrical nenber 41 interposed therebetween. The X-ray canera 2 is

< connected to an image processor, central processing unit, and the |ike for
controlling the operation of the shifting means 20 to be described | ater
and the |i ke based on inage processing.on the transmtted i mages of the
work piece. A pair of rails 42 are noued on one side of the supporting
plate 39. Arail guide 44a is prqvided on a retaining frane 44 for, . .
retaini ng t9¥®0sRs-f oF be irpfgrencen@arks a1 provided sympmetngfills ono the prated riggl o
on it. Thedpegjorating means 3 includes an air spindle 43a, a collect chuck
43b secured®®Bt he upper end thereof, and a drilling means such as a dril
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48 engages With a nut 49 which is secured to the above-described retaining
frame 44 wgdiforating poRititns. SOHent eiRRses pdreiraiied \WeeBarrikhde ol ARy c@ﬁ‘épﬁﬁ%t he
| ead screw 48 is connected to a belt pulley 51. Further, a notor 52 is held
by the noungheng nember 47, and the driving shaft of the notor _

An interval L between holes (two holes in this embodiment) to be formed in
the printed circuit board is input in advance, and the imaging means 2b and
perforating means 3b on the movable side are shifted by the second shifting means
2 in accordance with the interval. However, at this time, the imaging means 2b
and perforating means 3b on the movable side may not be in positions which are
precisely at the distance L from the imaging means 2a and perforating means 3a on
the fixed side due to deviaﬁons of the initial positions of the imaging means 2b and
perforating means 3b on the movable side, aﬂ error in the second shifting means 2
Ob, and errors in the mounting positions of the imaging means 2b and perforating
means 3b on the movable side. |

Then, the work table 1 is irradiated by X—rays from both X~ray irradiating
means 4 before the printed circuit board is placed thereon, and X—ray transmitted
images of the reference—holes 62 located in the vicinity of respective X—ray
irradiating means 4 are obtained by both imaging means (X— ray cameras) 2a and 2b
and are subjected to image processing to obtain the central positions of each of the
reference—holes 62. In Fig. 6, 62a and 62b designate the reference—holes as
imaged by the fixed side imaging means 2a, and 62c and 62d designate the
reference—holes as imaged by the movable side imaging means 2b. For example,

the difference between the positions of the center of the reference—hole 62a
located above the slot 61c and a center 2a’ of the fixed side imaging means 2a is

obtained and, further, the difference between the positions of the center of thé



52 is connected to a belt pulley 53. A belt 54 is stretched around the belt
pul l eys 51 and 53. Therefore, when the notor 52 drives the belt pulley 53
for rotation, 6 the rotation is transferred by the belt 53 to the belt
pulley 51 to rotate the |l ead screw 48. As a result, the nut hol der 50 and
retaining frane 44 are noved integrallyowth the nut 49 in the Z-direction
to nove the perforating neans 3 retained by the retaining fragf uP and
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taking the interval L1 into consideration. If high accuracy has left no error, L

and L2 are equal to each other and the printed circuit board can be perforated
without a need for correctioh. However, any error between L and L2 indicates
that the imaging means are out of desired positions.

Then, the printed circuit board is set on the work table 1, and both imaging
means 2 image reference marks M1 and M2 which are subjected to image
processing to obtain the respective central positions thereof. As shown in Fig. 7,

the difference between the positions of the center of the reference mark M1 and
the center 22’ of the fixed side imaging means 2a is obtained and, further, the
difference between the positions of the center of the reference mark M2 and the
center 2b’ of the movable side imaging means 2b is obtained. Since the interval L
2 betw}een both imaging means has been obtained in the previous step, an interval
L3 between the reference marl_{s M1 and M2 can be accurately calculated. The
reference marks M1 and M2 should have been formed so that the interval L3
| between them equals the interval L between the desired holes, but L3 can be
unequal to L due to errors in the printed circuit board originating from
manufacturing processes, thermal deformation and the like. In this case, if
perforation is carried out exactly in the positions of the reference marks, holes will
be produced at an incorrect interval. - This results in a problem in that positioning -
pins of jigs at subsequent steps (punching and the like) can not fit in all of the holes,
which prevents the printed circuit board from being mounted on the jigs. The
present invention addresses this problem by correcting the positions of the

~ reference marks to allow perforation exactly at the interval L. Specifically, the



1 aﬁd 2 (X- direction) are different, and parts. having |i ke configurations
are indicated by |ike reference nunbers. A pair of rails 29 commonly used
for the first and second shifting neans 20a and 20b are provided in the
horizontal direction of Figs. 1 and 2 (X direction). Sliders 22 are
nounted on the rails 29 to be slidable imthe X- direction, and an X- .table
23 is nounted on the sliders 22. A nut 24a engaging with a short |ead screw
26a connect @dsitions ofthe refesendesmarksuMd dand Mih exch shiftedoya (bh -+ He/Z iwhich is
side. A pair of nuts 24b engaging with a pair  of long | ead screws 26b
connect ed t ¢he differencesbriwerndulyand Lt (Ld mg L) dividesbinte deft and aght dalvgs are set er
33 and pulleys 34 in the f.oqrm T e secured.to an Xstable 23b on th
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X- table 23. %aﬁ'g 'of ShtefdhceS h%ﬁésdﬁgla)frafnhéd O Botft sidds'oftfie tﬁo\ﬁ'ghtﬂ%m énd slot.
Specifically, if a straight line Y1 connecting the reference—hole 62a and 62b (and
a straight line connecting the reference— holes 62c and 62d) is not in parallel with
the vertical axis (Y- axis) of the figure, it can be thought that there is an error due
to low accuracy of the mountiﬁg of the imaging means and perforating means to the
shifting means. Then, the error in the parallelism between the straight line and
the vertical line may be stored as correction data, and the image processing on the
reference marks and the setting of the perforating positions may be corrected by
the amount of such an error to allow perforation with higher accuracy.

Thereafter, both shifting means 20a and 20b are operated to position the both
drills 43c in the perforating positions P1 and P2, and the air spindle 43a is
operated to carry out perforation. At this time, the drills 43c on the fixed and
movable sides penetrate through the hole 60 and slot 63, respectively, to
perforate the printed circuit board.

It is desirable that perforation is carried out with the perforating_ positions set
by distributing two halves of the error in the both reference marks to both
reference marks an in the present embodiment, but the method of distributing the.
error is not limited thereto.

Further, it is desirable that the operation of obtaining the accurate interval
between both imaging means is carried out each time the imaging means and
perforating means on the movable side are shifted by the shifting means. When
there is .a possibility that the jig plate will be deformed as time passes, the

intervals between the reference— holes may be measured with the jig plate removed

from the work table to allow accurate calculations at all times. In the case that the



21 is secured on the slider 28. A nut 32 is secured on the underside of the
‘Y-table 21. Further, a notor 30 is secured on the X-table 23, and a | ead
screw 31 connected to the driving shaft of the notor is rotatably disposed
on the X-table 23. The above-descri bed fft 32 engages with the | ead screw
31. Therefore, when the notor 30 drives The | ead screw 31 for rotation, the
Y- table 21 noves jntegrally with the nut 32 in the Y- direction. As shown
in Figs. 1 nacdlate isrma omﬁlq‘( sage| material pethe ipsinsed ¢irawl beardyr Benevearel the60
in a positiqn faci.ng the iagi ng neans 2a or perforating. neans 3a on the

fi xedpsi de defprmatien of he gig; %ﬂ‘éﬁ mgyibs neglested;dusing; %&Plﬁ'%wﬁf useotheycare
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faces the slot G3 @RdpMlaest elibodiffint £the Tprivted ikl bdah@ to! ¢ pEorafed is a
reference- hole 62 having a small dianeter.formed in each of spot facing

portions 61¢hyerey bagidl, 2l X-ane ¢ontahs bhe usbd GleOtheNithazifd Pneads tol MgagsPRie

facing portions 61d and reference-holes 62 provided at predeterm ne
i nterval s alpefegence marks which are not exposed on the surface. However, normal TV

cameras may be used if perforation is to be carried out on a printed board which is
not a layered board and on which the reference .marks are exposed. The use of
nofmal TV cameras is advantageous from the viewpoint of cost because there is no
need for expensive X—ray generators and safety measures. Further, although
drills are used as the perforating means, they may be replaced with other means
including punches.

Fig. 8 shows another embodiment of the jig plate. This jig plate 65 has
reference—holes 65b arranged in a row in the longitudinal direction thereof and is
secured to the work table 1 by set—Screws 65a in place of the jig plate 61 in the
above— described embodiment. The interval between the rd&ence— holes 65b is
known and, as in the above—described embodiment, two of the referehce—_holes 6
5b are.imaged by the imaging means 2a and 2b and are subjected to' image
processing to identify the accurate interval between both imaging means 2a and 2b.

A printed circuit board is perforated by drills 43c which penetrate through the
reference— holeé 65b. In the present embodiment, printed circuit board can be
perforaitéd only in ppsitions facing the reference—holes 65b, but the jig plate is
simple in configuration and is easy to manufacture.

- Effect of the Invention -

According to the present invention, the interval between both imaging means

can be accurately identified using the jig plate prior to the perforation of a printed



and under the slot 61c. The through hole 61b and slot 61c are hol es through
which the drill 43c is inserted to perforate the printed circuit board. The
ref erence- holes 62 are used for confirmng the positions of both imaging
means 2, and the interval between the reference-holes 62 is known in
advance. A description will now be nmadel®n ‘a net hod for perforating a
printed circuit board according to the present invention. In the present
enbodi nent , cirhuit hoard, eblasedr eruwthidhothedacaurdte iptarvalr batwgens the |rafpserce macks
on which circuit patterns and reference marks for perforation are nof 8
exposed. Thé&an becakasedvar Lhisazliows bighlyearcumatewerioriionand makes grpassible to
circuit board. The present jnvention js characjerized, in that the interyﬁal

bet ween bot AMPFRYS: the qrelRsobprinted Gicyit hoardss i obhe Y5 of £ ahle Jighelate wi

poeT 1 005 Ofcb0LD ISR AT B2 BASCAUESLE e SHERGE, Fook ey

are moved o1 bhka NBRh! (R1She RACLAY | N RS Ul A Boardl Rerch le®tS
deformation of the same can be neglected because the deformation of the jig plate
will be accompanied by similar deformation of the printed circuit boards.

Bref Description of the Drawings .
’ Fig. 1:

A front sectional view of a perforating device according to the present
invention. .

Fig. 2.

A partially cutaway plan view of the perforating device in a part thereof
under a work table.

Fig. 3. .

A partially cutaway side view of the perforating device in the part thereof
under the work table. -

‘Fig. 4. |

A plan view of the work table of the perforating device.

Fig. 5.

A plan view and a side sectional view of a jig plate of the perforating device.

Fig. 6. '

An illustration for explaining the calcuiation of the interval between imaging
means according to a method of perforating of the present invention.

Fig. 7.

An illustration for explaining the setting of perforating positions according to
the method of perforating of the present invention.

Fig. 8.

A plan view and a side sectional view of another embodiment of a jig plate.



An interval L between holes (two holes in this enbodinent) to be fornmed in
the printed circuit board is input in advance, and the inmagi ng neans 2b and
perforating neans 3b on the novable side are shifted by the second shifting
"means 2 in accordance with the interval. .However, at this tine, the inmaging
~means 2b and perforating nmeans 3b on theél3drovabl e side nmay not be in
positions which are precisely at the distance L fromthe inagi ng neans 2a
and perforating nbestsiptian@f Numertilsxed si de due to deviations of the initial
positions of the inmaging neans 2b and perforating nmeans 3b on the novabl e
side, an errbr in the seodktdbkhi fting neans 2 b, and errors in the
mounting positions of the inmaging means 2b and perforating nmeans 3b on the
novabl e si de&; PRerdb t hémaging meamsdXt ¥ camesdli at ed by X-rays from both
X-ray irradiﬁlting ans 4 before the printed circuit board is placed

t hereon, an :X3?a£ra%@W%mﬁ%s of the reference-holes 62 located in
the vicinity_ of respect've@ray irradi ating neans 4 are -obtai ned by both

i magi ng meang’d X- ray cﬁléﬂ;é MEFHEMP] 2b and are subjected to image
processing t bobt ain the ce(ﬁt r.al positions of each of the reference-holes
62. In Fig. & 62a and §% %‘g&ﬁ\é@ﬁafi%e ref erence-hol es as i maged by the
fi xed si'de igRgirkRg Nea AN 2c and 62d designate the reference- holes
as i maged byézhggmvabrlzef%i%gggi ﬁt%lgi ng nmeans 2b. For exanple, the difference
bet ween t he si {4o0ons of £k of the reference-hole 62a | ocated -above
t he sl ot GICPQI‘\ gocent efétggmﬁg ‘.uﬁe fixed side imging neans 2a is




obtained and, further, the difference between the positions of the-center
‘'of the 9 reference- hole 62c | ocated above -the through hole 6 Ib and. a
center 2b' of the fixed side imging nmeans 2b is obtained. Since an
interval L1 between the reference- -holes 62a and 62c on the jig plate is
known in advance, an interval L2 betweempgboth imagi ng neans 2a and 2b can
be calculated fromthe positional deviations between the reference- hole
62a and the center 2a' of the inmagi ng neans and between the reference-hole
62c and the center 2b' of the imaging means taking the interval L1 into
consideration. If high accuracy has left n . m‘mﬁ are equal to
each other and the printed circuit board ca!ﬂmmms‘““) W thout a need
for correction. However, any error between l and L2 % ndicdtes that the
| magi ng neang, aégi g?!ﬁg @E§P5§iép03|tlons Then, the printed circuit board
IS set on th oth inmagi ng neans 2 i mage reference marks
ML and M2 which @ s bj egt Béo Akdy Ll ve
central positi ons efrjeofg géq&%% I'n @nge@ﬁt&gghgm?%rencéﬁg ‘%t&gg%dzg e
posi tions ohaf fRoafpses: of the reference mark Ml and the center 2a’ of the
fixed side imaging neans 2a is obtained and, further, the

a work table on which a printed circuit board having a pair of reference marks

provided thereon;

imaging means provided on fixed and movable sides f.or respectively imaging
said reference marks; |

perforating means provided on the fixed and movable sides for perforating said
printed circuit board on said work table based on the result of the imaging of said
reference marks; _ -

a first shifting means for adjusting ‘the positions of said imaging means and
said perforating means on the fixed side; _

a second shifting means for shifting said imaging means and said perforating
means on the movable side integrally toward and away from said nnagmg means
and said perforating means on the fixed side;

a jig plate- disposed on said work table; and _

a plurality of reference—holes for conﬁnhing the pbsitions- of said imaging
means provided at predetermined intervals on said jig plate, and in that:

at least one of said plurality of reference—holes can be faced with said
imaging means on the fixed side and others of said reference— holes are arranged in
the direction in which said imaging means on the movable side is shifted by said
second shifting means toward and away from said imaging means on the ﬁxed side.

"Claim 2. A device for perforating printed circuit boards according to Claim
1, chamcterized in that said jig plate can be attached to and detached lfrom said
work table.

Claim 3. A device for perforating printed circuit boards according to Claim



di fference between the positions of the center of " the reference mark M2 and
tthe center 2b' of the novabl e side i mging neans I nce the
interval L 2 between both imgi ng neans has been Imu mwr EIFrevi ous
step, an interval L3 between the ref erence mar ks. NC

accurately calcul ated. The reference mad®s ML and M shoul d have been
formed so that the interval L3 between them equals the |nterval L between

the desired lher &daimpds qharasteniasd innibat spidiiig E‘aéﬁaés madg efothe $ame materal Ased

circuit board o atjng, from facturing processes, thermal deformation
and the |ik&hat {Hrg?ia Cirgyt E‘gﬂ‘aoration is carried out exactly in the

ipﬁtZ'eﬁ'VSF.s Thi s r&damt b oA %ﬁ%rﬁrﬁﬁ?rﬁ”és'#%swﬂfz?}?ﬁ“ﬁ%dﬁ‘ Fles” 8! ”Peg@l
aii oh pr eventarehEURF Rbds ARGy e BA7be KHIRRCL, ' sl 37 cheBbec B M (B

The present s this problemby correcting the positi ons of
the ref erenéiewnrg%é&qhg;%qéowé%erforat ion exactly at the interval L.

Speci fically, thgnguf,glﬁﬁﬁgé 't?ﬁea?%;# szﬁ@ Ritfhg Rickas Yh @@%Walﬂ@%‘ihe

shifted by (L3 - eren etween L3 and L (L3 - L)
di vided i nt gyl &fid seéshd sldhing RS irfb&ofdince w1th the interval between holes to be

perforated on said printed circuit board;

imaging each of reference— holes among said plurality of reference—holes
located in the vicinity of both of said imaging means and obtaining the center
position of each of said reference—holes in image areas of both of said ‘imaging
means through image processing;

calculating the interval between both of said imaging means based on each of
the center positions of said reference—holes and the interval between said imaged
reference— holes obtained in advance;
. setting said printed circuit board on said work table so’ that both of said
reference marks are in the respective image areas of both of said imaging means;

imaging both of said reference marks by both of said imaging means to detect
the center positions of both of said reference marks through image processiﬁg;

obtaining the interval between both of said reference marks based on the
center position of each: of said reference marks and the interval between both of
said imaging means, and an error between the interval between ‘both of said
reference marks.and the interval between the holes to be perforated, and setting
perforating positions corrected from the center positioné of éaid reference marks by
an amount corresponding to said érror; and

perforating said printed circuif board after shifting' both of said perforating

means by both of said shifting means to said respective perforating positions.



as perforating positions P1 and P2. It goes w thout saying that the
.anterval between the perforating positions P1 and P2 is exactly equal to L.
In the present enbodi nent, correction is possible in the vertical direction
because a nmultiplicity of pairs of refepence- holes are arranged on both
sides of the through hole and slot. Sp&cCifically, if a straight line Y1
connecting the reference- hole 62a and 62b &and a straight |ine connecting
the reference- holes 62c and 62d) i SARBTRRAG parallel with the vertical axis
(Y-axis) of 1.0 - n t i r eto low
ﬁgl%u%?’ngh?@? rOR PRRFERATING! PRERTED| EIRCUPE rBHARD

accuracy of - he™I'magli ng neans and perforating neans to the

shifting means. Then, thﬁc&&ﬁt‘éfgéﬂoﬁaﬂsnp&fa'mh&ammﬁmmt ke niddeapestible

line and the vertical line may be stored as correction data, and the inmage

processi ng Oﬂithféesiﬂlﬁiee{: ks and the setting of the perforating
positions may be corfrected by the amobunt of such an error to allow

perforation wth higher accur@%m&pewf&@fdreme—bmms 6Bi drei progvidedon 2§ig plate
20b are operated to position the both drills 43c in the perforating

positions Plghrs B2woskdtablee1ai rAmspinaging ARans samper pedfdratingcmeans ot on a
perforation. At this tinme, the drills 43c on the fixed and novabl e si des
penetrat e t himowabietside isoevé&Dbpradcesond shifing means 20b diyyan amopet eesresponding
printed circuit board. It is desirable that perforation is carried oyt with
t he per f or at tonthepinéénvabbetwsen Hojesdioshe porforated.t wBefarpnees- Hplep fLagnddrac; aye
the both reference marks to both reference marks an in the p.resen%m .
embodi nent , bwadiated byeXoaysffram fioth Xir ray igrpdiating means 4 to image transmitted

images thereof by both imaging means 2a and 2b, and an error between the
positions of the centers thereof and the centers of the images is obtained. Since
the interval between the reference—holes 62a and 62c is known, the interval
between both iméging means 2a and 2b can be calculated. Then, a printed circuit
board is set; both reference marks are imaged by both imaging means 2 and are
subjected to image processing to obtain an error betweeq the positions of the
centers thereof and the centers.of the images; and the interval between the
reference marks is calculated from the interval between both _imaging means.

Then, a correction is made wherein an error between the reference marks and the
interval between holes to be perforated is distributed to set perforating positions

where perforation is carried out with drills 43c.

FIGURE 1



error is not limted thereto. Further, it is desirable that the operation

of obtaining the accurate interval

plate wll

al |l ow accurate cal cul ati ons at al

is made of the sane materi al

be defornmed as tinme passes, ,t;
hol es nmay be neasured with the jig pla}é

bet ween both i nmaging neans is carried
out each tine the inmaging neans and perforating neans on the novabl e side
are shifted by the shifting neans. Wen there is a possibility that the jig

tinmes.

however,
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not a |ayered board and on which the reference marks are exposed. The use
of normal TV caneras is advantageous fromthe viewpoi nt of cost because
there is no need for expensive X-ray generators and safety neasures.
Further, although drills are used as the perforating nmeans, they may be
replaced with other neans including punches. Fig. 8 shows anot her

enbodi nent of the jig plate. This jig p2A8e 65 has reference- hol es 65b
arranged in arowin the longitudinal direction thereof and is secured to
the work table 1 by set- screws 65a in place of the jig plate 61 in the
above-descri bed enbodi nent. The interval between the reference-holes 65b is
known and, as in the above- described enbodi nent, two of the

ref erence-holes 6 5b are inmaged by the inmaging neans 2a and 2b and are
subj ected to inage processing to idegiify the enirat e interval between
bot h i magi ng nmeans 2a and 2b. A pégpgid ci r & dd i erforated by

drills 43c which penetrate throu THEFeter In the present
enbodi ment, printed circuit] bodr n be p only - gitions
facing the reference- hol ed 65N, t 4he jig plate is sinppeliin
configuration and is easy tjo ngrn re. Effect of thegglnidegdilon Accordi ng
to the present invention, t{he ijn Fval between both i Fma ans can be
accurately identified using theﬂjig plate prior to the perfodatli on of a
printed o N
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12 circuit board, based on which the accurate interval between the
reference marks can be calculated. This allows highly accurate perforation
and makes it possible to inprove the quality of printed circuit boards. The
use of a detachable jig plate will provide a solution to deformation or the
like of the jig plate. In addition, if.the jig plate is formed fromthe
sane material as printed circuit boar@é/&nrors due to deformation of the
sane can be negl ected because the deformation of the jig plate will be
acconpani ed by simlar deformation of the printed circuit boards. Brief
Description of the Drawings Fig. 1. A front sectional view of a perforating
device according to the present invention. Fig. 2. A partially cutaway plan-
view of the perforating device in a part thereof under a work table. Fig.
3. . Apartially cutaway side view of the perforating device in the part

t hereof under the work table.

FIG3
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Fig. 4. A plan view of the work table of the perforating device. Fig. 5. A
pl an view and a side sectional viewof a jig plate of the perforating

device. Fig. 6. An illustration for explaining the cal culation of the
i nterval between inmaging neans according to a nmethod of perforating of the
present ‘invention. Fig. 7. An illustration for explaining the setting of

perforating positions according to the n#/8od of perforating of the present
invention. Fig. 8. A plan view and a side sectional view of another.

enbodi ment of a jig plate. 13 Description of Nunerals 1 wor k
table 2, 2a, 2b i mgi ng neans (X-ray canera) 3, 3a, 3b perforating
nmeans |
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20a first shifting neans 20b second shifting neans 62, 65
‘reference- hole M, M reference mark 14 Scope of Clains for a
Patent Caiml. A device for perforating printed circuit boards
characterized in that it conprises: a work table on which-a printed circuit
board having a pair of reference marks provided thereon; imging neans
provi ded on fixed and novabl e sides foi5/8espectively inmaging said reference
mar ks; perforating nmeans provided on the fixed and novabl e sides for
perforating said printed circuit board on said work table based on the
result of the imaging of said reference marks; a first shifting nmeans for
adj usting the positions of said imging means and said perforating means on

the fixed side;
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a second shifting neans for shifting said inmagi ng neans and said
perforating nmeans on the novable side integrally toward and away from said
i magi ng nmeans, and said perforating neans on the fixed side; a jig plate

di sposed on said work table; and a plurality of reference- holes for
confirmng the positions of said inmagi greans provi ded at predeterm ned
intervals on said jig plate, and in that” at |east one of said plurality of
ref erence- holes can be faced with said i magi ng neans on the fixed side and
others of said reference- holes are arranged in the direction in which said
i mgi ng neans on the novable side is shifted by said second shifting neans
toward and away from said i maging neans on the fixed side. Claim2. A
device for perforating printed circuit boards according to Caim1l,
characterized in that_épid jig glate can be ed to and detached from
said work table. O aim=3~] A deJice for perfljorating printed circuit boards
according to Claim 5 1 or alaim 2, chagacterizedd n that said jig plate

is made of the same matgfifal as |t hat for(said prirted circuit board.
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Caim 4. A nethod for perforation utilizing a device for perforating
.printed circuit board according to any of Clains 1, 2, and 3, characterized
inthat it conprises the steps of: shifting said i magi ng neans and said
perforating neans on the novable side by said second shifting neans in
accordance wth the interval between holes to be perforated on said printed
circuit board; imaging each of referendd8hol es among said plurality of

ref erence-holes located in the vicinity of both of said inaging neans and
obtaining the center position of each of said reference-holes in inmage
areas of both of said imaging means through i mage processing; cal cul ating
the interval between both of said inagi ng neans based on each of the center
positions of said reference-hol gs—and -theinterval between said i maged
reference- hol es obtained in adyance; setting said printed circuit board on
said work table so that both of |said refer marks are in the respective
i mge areas of both of said i magi ng neang, bot h|of said reference

mar ks by both of said ging ngans to dateci the centernl positions of both
of said reference marlkgffhrough |i mage procesisirig. obtaining the interva
bet ween both of said |refgrence arks based qn t he. centery position of each
of said reference marlks gnd yﬁmrfﬂtervaf—begmggg both off said i maging
nmeans, and an error Hetwgen tlhe |i nterval betweemn both off said
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reference marks. -and the interval between the holes to be perforated, and
setting perforating positions corrected fromthe center positions of said
ref erence marks by an anmount corresponding to said error; and perforating
said printed circuit board after shifting both of said. perforating nmeans
by both of said shifting neans to said rgigective perforating positions.
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