*METHOD OF PUNGHI NG A LAM NATE FOR ELECTRI CAL USE." The present invention
relates to a nethod of punching a lamnate for electrical use, such as-
i,nsul 4t ed | ami nat’e, copper 'clad lam nate, printed circuit board or pri '
W ALng board, and parti'cularly to a nethod of 5 punching a |am nate
el ectrical use which is suitable for preventing occurrence of defect
punchi ng operation such as generation of cracks between the punched
In a prior art punching device of a lam nate for electrical use, an
actuated hol di ng force is"METHOEPIOFEPUNTHING QUMTEANINATIEVFOR during the
“time punching operation is effected in order to prevent generation of
cracks extending fromthe punched HLEHCTRIdrandssg Her eabout and separati on of
| am nated | ayers of the Fammatefor——etectrrcat—ose—t5— Wth -
such a process of punching hol es using the above descri bed punchi ng devi ce,
however, no neasure has been taken to prevent cracks from bei ng generated
bet ween adj acent hol es pHhheh@deisenthd nvarntigre foat@eda ixatetived i of t he
case where the distance therebetween is small. 20 Further

si nce punchi ngP8nchéngs aj 4 amigatenifest @ ket riGack YsS KD s beeplated
effected after _heating the lamnate to a high tenperature (60-80) in order
to prevent genéPBENEhCof COPRERs CHetnd@M il tee MY Ithes cifruit board or

printed wiring board, and particularly to a method of

5 punching a.laminate for electrical use which is suitable
- | for preventing oécurrence of defects in punching operation
such as generation of cracks between the punched holes.
In a prior art punching device of a laminate
for electrical.use, an oil actuated holding force is

10 applied in the punching device during the time.punching
operation is effected in order to prevent éeneration of
cracks extending from the ;mmdﬁﬁ holes, bends thereabout
and separation of laminated layers of the laminate for
elecfrical use, |

15 With such a process of punching holes using the

(N | : above described punching device, however, no measure has
been taken to prevent cracks from being generated between
adjacent holes punched in the laminate for electrical use
in the case where the distance therebetween is small.

20 : Further, since punching of holes in the laminate
for electrical use has been effected after heating the
laminate to a high temperature (60-80°) ir order to
prevent generation of cracks between adjacent holes, the
accuracy in the distance between the centers of the punched

25 holes tends to deteriorate due to shrinkage of the laminate



accuracy in the distance between the centers of the hunchgd 25 hol es tends
to deteriorate due to shrinkage of the | am nate 2 after the tenperature
A'he Doard descends. Further, the requirenents such as a pressure applied &
/ a hol'd down for preventing generatign of cracks othér than cracks -

t |

-adj acent hol es, shear droop and separation of |lam nated 5 | ayers
m nate for electrical use occurring during the punching operation
hgve~not/been clarified. It is an object of the present invention to solve
the problens occurring in the above described prior art technique and to
prevent cracks from being generated between 10 = adjacent holes in a
| ami nat e f @ftadectiie ceémperabyreppfythe boardddemcendyl prRasthiér) othée
| am nate during the punching operation thereof, while punching operation is
ef fect ed areduirememtsnpecht ascaspressurediapplied by fa hold ndowh £or
| am nate and to enhance the accuracy in size of the punched 15 hol es as
wel | as t he@reventingi generation. ofccragksyotherhdhare oxrackshetweent her e
is provided a nethod of punching holes in a lam nate for electrical use by
usi ng. a purkdd agenthetegonBhearngrpoRcBdd seperatiem ab | kaminatedai d
met hod _ ncl_udi n thg st ep, of setting t he pressure '

_ 5. layers of the laminate £fOr electrical use occurring during

the'punéhing.operation.have=not been clarified.

It is an object of the present invention to solve the
problems occurring in the above described prior art ~ {\)
technique and to preveéent cracks from being generated between

10 adjacent holes in a laminate for electrical use by applying
a predetermined pressure-to'the.laminate-during the punching
operation thereof, while punching operation is effected at
the room temperature so as to dispensé with heating of the
laminate and to énhanée_thenaccuracy=in size of the punched

15 holes as well as the productivity thereof.

A According to the present invention there is provided a
method of punching holes in a laminate for electrical use by
using a punching device comprising puhches, dies and a hold ~
down, séid method including the step of setting the pressure
20 applied to the laminate by means of said hold down in order
to hold down the laminate, to be equal to or greater than
0.2 of the ratio of the pressure divided by the tensile

strength of said laminate.'



20 applied to the lam nate by means of said hold.down in order to hold
down the | am nate, to be equal to or greater than'0.2 of the ratio of the.
Rresswre di vi ded by the tersile strength of said | am nate. -3- The set-
prassure nay be applied in the region around the respective punched ho
the | am nate cencentric therewi th, said-reagi-on having an area having A
radi us equal to or greater than the radi us of said 5 punched-hole. T
present invention will now be described in greater detail by way of
with reference to the acconpanying drawi ngs, wherein:- Fig. 1 is a s{de.
view partly in cross-section 10 showi ng a punching device of a | am na
el ectrical use to which a nmethod of punching operation according to the
present invention is appTheabes; pFﬁgsuzeugaa &Qﬂ@gﬂkﬂﬁQﬂﬂnMﬁﬁft#ﬁS%QQCks
generated in a lamnate for electrical use; Fig. 3 is a side
view partly i naEp8B8- sBet FBﬁP§ﬁ6WﬁgPPﬁ§hﬁldo®q}1e r%é’tér"vallad‘é‘rf@rtfﬁ ed in a

| am nate for electrical use durlng t he punchlngl?Peratl
cencentric therewit said region having an area having

a radius equal to or greater than the radius of said

(91

punched hole;
The present invention will now be described
in greater detail by way of example with reference to
iv/ | the aécompanyiné'drawings, wherein:-
Fig. 1 is a side.view partly in cross-section
10 showing a punching device of a laminate for electrical.
use to which a method of punching operation according to
the present invention is applicable;
Fig. 2 is a plan view showing the cracks
generated in a laminate for electrical use;
15 ~ Fig. 3 is a side view partly in cross-section
showing the flow of material generated in a laminate for
‘electrical use during the puhching operation;
Fig. 4 is a plan view showing a circumferential
stress generated in a laminate for electrical use during
20 the punching operation; |
Fig. 5 is a diagram showing a rate of generation
of cracks between the adjacent holes punched in a laminate
for electrical use;
fig. 6 is a cross-sectional view showing a

25 blank holder used in varylng the pressure given applied
]



Fig. 4 is a plan view showng a circunferential stress generated in a

| ami nate for electrical use during 20 thé punching operation; ‘Fig. 5is a
QLagra-h\homﬁng a rate of generation of -cracks between the adjacent hol es™
p Wd iy a lam nate for electrical use; Fig. 6 is a €tross-sectional view
showi/ngy a5 bl ank hol der used in varyigg.the pressure given applied to
b e)for electrical use; and Fig. 7 is a graph showing the rate of
genefkayyory of cracks between adjacent holes in percentage plotted to a base
er dianeter of the hold down 5 divided by the dianeter of the
eferring to Fig. 1, the punching device conprises a |lower die set 1,
upper die set 2 vertically novably supported by posts 3 fixedly secured to
the | ower dite actlamisidte choprebsctnical i oge; 4andr anged around the
respective 10 posts 3, a die 5 secured to the |ower die set 1 and having

t hr ough- hol es 5a f orngig he? eis, a agraphnshewifigsther edtieo afhgeanmetibre set
2 in facing relationship to the through-holes 5a die 5 with a backing plate
7 and a puneffi oyasiks dtweenmejacent sholesngnt pergentage @liatted

to a base of the outer diameter of the hold down

5 divided by the diamete: of the hole.
Referring to Fig. 1, the punching device comprises
a lower die set 1, ﬁpper die set 2 vertically_movably
supported by posts 3 fixedly secured to the lower die set \
1 with compression springs 4 arranged around the respective
10 posts 3, a die 5 secured to the lower die set 1 and having
through;holes 55 formed therein, and punches 6 secured
to the upper die set 2 in facing relationship to the
through-holes 5a die 5 with a backing plate 7 and a
punching plate 8 arranged for securing the punches 6 in
15 position. A hold down 9 is secured at the lower tip
of each rod 10 which is suépended“frOmlthe upper die set
2, and the blank holder 9 is formed with guide holes 9a K;J
each position*in alignment with the respective through-
‘hole 5a. A laminate for electrical use 11 is interposed
20 in position between the die SIand the hold down 9,
and holding force applying rods 12 pass"through the upper
die set 2, the.backing plate 7 and the punch plate 8
with the tips thereof contacting with the board holder 9.
When the punching operation of the laminate il

25 isncarried out by using the punching device for the

-4
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15 position. A-hold down.9 is secured at the |ower .tip of each rod 10 wh
- is suspended fromthe upper die set 2, and the blank holder 9 is forne
wi tl gui de hol es 9a each pdsition in alignment with the respective thf.
hole~5a. A laminate for electrical use 11 is interposed 20 in positjof
between the die 5 and the hold down 9, _agd_hol ding force applying r od _
pass through the upper die set 2, the backing plate 7 and the punch plate” 38
with the tips thereof contacting with the board hol der 9. Wen the punching
operation of the lanminate 11 25 is carried out by using the punching device
for the -5- lam nate constructed as described above, the punching device
Is secured to a bolster (not shown) of a press, and a punching force F1
necessary for lumiohitey densrudtddecas agesotebéd abodep! tRE bAnkha ngoper die
set 2 and, 5 at the sane tine, a holding down force [err] iS applied to the
hol di ng force Gapplog nigs ramsuriéd to 4 hbohbbee daser shedngosdi i el ,whi ch
the hold down 9 is pressed against the lamnate 11 with the above descri bed
hol di ng force afg a hpurmhniciee sf Gr pash, thecegbatrhefpri puadhbagr Holésafitner 10
passi ng through the gui de holes 9a o} the hold down 9

"~ the laminate 11 is applied to the upper die set 2 and,

5 at the same time, a holding ‘down force F2 is applied to
the holding force applying rods 12. In the above described
condition in'qhich the hold down 9 is pressed against
k/ - 'the laminate 11 with the‘above described holding force Fz,
the punches 6 pass through the printed board 11 after
10 passing through the guide holes 9a of the hold down 9
by the puhching force F and enter into the thrdugh—holes
5a in the die 5. Thus, holes of the predetermined sizes
are formed in the laminate for electrical use 11.
The present invention is not affected by the kind
15 of pressure.appiying appa;atus used and any apparatﬁs such
as a oil tYpe double-acting press can be used insofar as
W, the apparatus can apply the punching force F1 as well as
the hold down force Fs.

In the above described embodiment, under the
20 condition that the pressure applied to the hold down 9
was set to be 0 kg-f/tﬁm2 and the ratio d/t of the diameter d
of the punched hole with respect to the thickness t of the
laminate for electrical use 11 was varied, and cracks 14
were generated around the punched holes 13 in the

25 direction of the thickness of the board 11 as shown in



by the punching force F and enter into the t hr ough- hol es 5a in the die 5.
Thus, hol es of the predeterm ned sizes are forned in the, Iantnate for

e* use 11. The present invention is not af fected’ by the kind 15 of "
pr egsur/é\appl yi ng apparatus used and any apparatus such as a oil type

doybl eAacy i

ng press can be used insof ar -a$ tshe apparatus can apply the

orce [err] as well as the hold down force F2. In the above.

de.cflbeo enbodi ment, under the 20 condition that the pressure applled to

of tTe punched hole with respect to the thickness t of the | ami nate for

el ectri cal
punched hol
shown in

use 11 was varied,_ and cracks 14 were generated around t he
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circuiting between the wiring on the laminate.

As a result of investigation in detail of the

process of punching for finding out the cause of generation

of the cracks 14, the horizpntal_or the lateral flow 15 of

material of the laminate is made larger as shown in Fig. 3

- when the ratio d/t of the laminate.ll is small,.ahd=the

annular projection 16 generated:around the respective hole
13 is made larger in proportion to the amount of the

lateral flow of the material, Thus, it has been found out

- the circumferential stress_?b around the respective

‘punched hole 13 caused by the operation of the punch 6 is

69 to form the above cracks 14 (Fig. 2). ..

As to the.countermeasure-against generation of
the_above cracks, it is deemed effective to suppress the
annular projection 16 around the punched hole 13 by apply-
ing the blank holder pressure of the hold down 9 against
the laminate for electrical use 11 so as to reduce the
circumferential stress % which is the cause of generation
of the cracks. . |

Upon investigation of generation of the cracks 14

&RGr £253-S & 996 Eng
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_made greater to develop crevices perpendicular to the stress |
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'process of punchi.ng for finding out the cause of generation of the crack
14, the horizontal or the lateral flow 15 of ‘material of the |am nate
peda | arger as shown'in Fig. 3 10 when the ratio d/t of the lam nate A1

-snabi and the annul ar 'projection 16 generated around the respective th;%#
13 is made larger in proportion to the agnunt of the lateral flow of \t he
material. Thus, it has been found out thé Circunferential stress [erf
around the respective 15 punched hole 13 caused by the operation of the
punch 6 is made greater to devel op crevices perpendicular to the stress to
formthe above cracks 14 (Fig. 2). As to the counterneasure against
generation of the above cracks, it is deened effective to suppress the 20

annul ar proj ecigs . 1) Ui Abec fnGaREnhe! 81 8nay piiAhing Wbvila bl ank

hol der pressure 9 against the lam nate for electrical use
11 so as to redusem tie ﬁiécuyﬁe&ﬁe£é§h ehéeaae[g&ak Wliealt aintleh b etaveen of
generation of the cracks. Upon i nvestigation of generation
of the_crackS-@&b unéh % aﬂdlahesame shespeeeht6 ok t 56 pwd Rihe Hadirsy
shown in Fig. d%ereln t he one side clearance between the punch 6 and the
die 5 is set tﬁbﬁEEEEQGﬁﬁ v&eibal dregults as shown in Fig. 5 are obtained.

5 Fig. 5 shows the ratio of the pressure (q) applied to the
_ laminate by means of the hold down in order to hold the
laminate with respect to the tensile strength (9B) in the
N abscissa and the ratio of the diameter (d) of the punched
‘hole 13 in the laminate 11 at the time of occurrence of the
10 cracks between the adjacent holes with respect to the thick-
ness (t) of the laminate 11 in the ordinate. The curves
aB3822 = 3.0), B(E59% = 4.0) ana c(B3%£2 = 5.0) show
the rate of generation of the cracks, respectively. The
above referred to pressure q is thé value of theholding
15 down force F2 divided by the contadt.area of the printed
board 11 with the hold down 9, and P is the pitch between
(_/ the adjacent punched holes 13, 13.
As is clear from Fig. 5, when the pressure g
is set to 0.2 of the ratio of the pressure divided by the
20' tensile strength oh of the laminate 11, generation of cracks
.14, 14 between adjacent holes 13, can be positively prevented.
Further, a rate of generation of cracks was -
investigated within the region in which the effective

_holding down function is obtained by using a hold down

25 17 having an annular concentric projection 17b of the



force F2 is varied, results as shown .in Fig. 5 are obtained.-5 Fig. 5 shows
the ratio of the pressure (g) applied to'the | am nate by neans of, the hold
wn |n order to hold the lamnate with respect to'the ténsile strength C
7in the abscissa and the ratio of the dianeter (d) of the punched holé
{the lanminate 11 at the time of. gtaurrence of the 10 cracks between
~aghagent holes with respect to the thick- ness (t) of the laminate 11
[ d Yridi nate. The curves A([err] = 3.0), B( d/2 4.0) and C([err]=
5. 0)/ ' the rate of generation of the cracks, respectively. The above
reNefregdé to pressure g is the val ue of theholdlng 15 down force [err]
divirded by the contact area of the printed board 11 with the hold down 9,
and P is theepghthobelwmen anide thej aliente temaodie D hodweedBricl@iths is cl ear:
fromFig. 5 whén the pressure qis set to 0.2 of the ratio of the pressure
di vi ded by the goideebhsoillee lFar diogmed atr jorsd side| 6ot nbbe sidegéaediagi on of

-cracks 14, 14 between adj acent holes 13, can.be positively prevented.

Further, a tattheflamisaie orofelactgisalaise) cxnd geettingt hhe pressegeon
in mhich the effective holding down function is obtained by using a hold

down 25 19 HavPRgaaRoRsvandr vadwee@fr il 2pphjthet Fasio19h the pyessure
5 divided by.the_tensile_strength of the printed board, the

diameter D being varied for the investigation.
| ‘The results of the inﬁestigation;are_as shown
in Fig. 7; Fig. 7 shows the rate of generation of cracks \‘)
(%) in the:.ordinate and the ratio of the.oﬁter diameter
10 (d) of the guide hole in the abscissa, and the .influence

of the.erea'of;the blank holder 17 in which the pressure g
is applied to the laminate by means of the hOIG ‘down

for electrlcal use q glven to the rate of generatlon of

the cracks is shown in Fig. 7. It is clear from the curve

. _pressure g
15 E ‘tensile strength

= 0.2) in Fig. 7 that the
_ effecfive_regien in which the pressure q effectively prevents
generation of cracks is the region having the radius of at ]
- least twice the radius of each puhched hole of the laminate
11, while the pressure q equal to or greater than 0.2 of
20 the ratio of pressure divided by the tenéile strength of the laminate
is.require@ for preventing the generation of cracks. : |
As described above, since the punching operation
can be carried out at the room temperature according to
the method of the present invention, shrinkage_of the

25 distance between the center of hold down caused by the

=0



8- hei'ght of 1 mmand the dianmeter of D concentric with the guide hole
formed at one side (at the side facing to the lani'nate for electrical
andsetting the pressure q°‘to be a constant value of 0.2 of the ratio /of
t hdpressure 5 divided by the tensile strength of the printed board, e
di anmeter D being varied for the investigagian. The results of the 4
i nvestigation are as shown in Fig. 7. Fig. 7 shows the rate of genera

of cracks (% in the ordinate and the ratio of the outer dianeter 10 (d) of
the guide hole in the abscissa, and the influence of the area of the blank
hol der 17 in which the pressure q is applied to the | am nate by neans of
the hold down for electrical use q given to the rate of generation of the
cracks is showreating gdu7ingt the plheehihgoopelbatdonvd spipesstiarely 15 E(
tensile strength = 0.2) in Fig. 7 that the effective region in

whi ch the presMpided efwkitievergchsevbnth pégarabieonentk ratack bdtvddre
region having the radius of at |east twice the radius of each punched hol e
of the | am natdadjeicenhihelepeinr theulamgnageaforoedecgréandr useamuxihpf 20
the ratio of pressure divided by the tensile strength of the lam nate is
required for P& RHIFRLRROBRAREAPPOASOPTEVABKST A &batr dsedrasweln si nce

t he punchiqg operatj on cgn be carried Qut at the roomtenperature according
to the size of the holes and the productivity are. enhanced.




the pgBthod of the present invention, shrinkage of the:25 dlstance bet wee

n

t he/ceniek of hold down caused by the - 7 -9- heating durlng t he punchi ng

ORera Jﬁ is positively avoided, while cracks which m ght be generated
bef wegy adj acent holes in the lami nate for electrical Use during the

N

pupcky. gperation is prevented so that jgccuracy in 5 the size of the holes

and the pfoductivity are.enhanced. CLAI M5: - 1 A et hod of

pundhi ngZ holes in a lamnate for electrical use by using a punching device
conpriSing punches, dies and a hold down, said he step of
setting the greedgfe applied to the | am nate bymmﬂmummurﬂ“d down in
order to hold down the laninate, to be equal to dr Jrehatet tharf 0.2 of ‘the
2.

ratio of the pressure divided by the tensile strength of said | am nate.
A nmet hod of punching a lam nate for electrical use according to claima1,
wherein saidl.set pressArmethodppifi gdinichiinge hodgsonrareoUrainimet e epect i ve
punched hol e
electrical use by u51ng a punching device comprising
punches, dies and a hold down, said method:including
- the step of eefting the pressure-applied to the laminate
by means of said hold down in order to hold down the .
laminate, to be equal to or greater than 0.2 of the catio
of the pressure divided by the tensile strength of said laminate.
é. A method of punching a laﬁinate for electrical
use according to claim 1, wherein said set preesure is-
applied in the region around the reepective punched hole
in the laminate concentric therewith, said fegion having
an area having a radius equal to or greater than the
radius of said punched hole. |
- 3. A method of punching holes in a laminate for

electrical use, wherein punches are actuated for punching

said holes while a pressure equal to or greater than 0.2

of the ratio of pressure to the tensile strength of said laminate

is applied over a region having the_radius of at least twice the

radius of said punched hole from the center thereof.

4. A method of punching a laminate for electrical

use according to claim 3, wherein said pressure is applied
~ by annular projections formed on a hold down around

the respective hole for holding said_laminate;

.
-



‘in the Iani nate eoncentr.ic therewth, said region having an area having a
radlus equal to or Qgreater than the radlus of sai'd punched hole. 3. j
~meflhod of punching holes in a laninate for electrical use, wherein.
puawches are actuated for punching said holes while a pressure equal t
greater than 0.2 of the ratio of presswato-the tensile strength of kaix

laminate is applied over a region having the radi
radi us of said punched hole fromthe center thereﬂmn "lﬂt" Iﬂmltlmm'net hod of

punching a lanmi nate for electrical use according tb cdaitm 8, #®herein said
pressure is applied by annul ar projections formed on a hol d down around the
respective hole for holding said | amnate. 5. A nmethod of punching

holes in a | afi.nate for Aeimetthddcalf pwchiuisthmlésl 1y aslarirahedéerri bed

with reference to and as shown in the acconpanyi ng draw ngs.
electrical use, substantially as herein described with

reference to and as shown in the accompanying drawings.




