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SHEET PRESSER FOR PUNCHING CERAMIC·. GREEN SHEET 

AND PUNCHING APPARATUS 

FIELD 0, THE INVENTION 

The present invention relates to a sheet presser to· be affixed to· a 

5 punching tool for punching fine via holes such as for wiring on a ceramic green 

sheet to be used for manufacture of a high-density wiring circuit board and the like 

and a punching apparatus provided with such a sheet presser .. 

BACKGROUND OF.THE INVENTION 

Numerically controlled die punching apparatus and the like are in use 

10 for punching a ceramic green sheet (hereinafter green sheet). 

A punching apparatus is provided with a vertically movable punching 

tool on the tip of which a fine shaft-like or needle-like work pin with a diameter of 

several mm to· 1ess than 1 mm is provided corresponding to the a to be punched. 

Via holes are formed by punching a green sheet with the work pin through the 

15 vertical travel of the punching tool. 

When pulling out from a via hole the work pin that has just punched a 

green sheet, it at times occurs that the green sheet is pulled up attached to the work 

pin. This causes problems of deforming the green sheet, cracking it, or deforming· 

· the via hole. Also, when the work pin punches the green sheet, the sheet material 

' \ 
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that comes in contact with the work pin at times slides off or moves, thus disturbing 

the formation of a via hole at a correct position and with a correct shape. 

In order to prevent such lifting and moving of a green sheet, a 
·. . 

proposal has been made to affix a sheet presser called "stripper" for example, to the 

5 punching tool. 

A sheet presser is usually composed of hard rubber and is cylindrical 

in shape with approximately the same diameter encompassing the outer periphery of 

the work pin when affixed to a punching too~. When the work pin is moved down 

·-- to punch a green sheet, the tip of the cylindrical sheet presser comes in contact with 

10 the surface of the green sheet. As· the work pin is further ·moved down, the sheet 

presser is elastically deformed and keeps pressing the green sheet with its restoring 

force. During the process of the work pin being moved up after punching a via 

hole, as the elastically deformed sheet presser keeps pressing the green sheet from 

above until the work pin has been sufficiently de~ached from the surface of the 

15 green sheet, lifting of the green sheet is prevented. 

A practical construction· of a sheet presser is disclosed in Japanese 
. . 

Laid-Open Patent Publication No. H09-205265. The sheet presser as described in 

this document is a rubber-made cover called stripper. The entire body is cylindrical 

ii1 shape with a relatively thin uniform thickness with only the IOwer end porti~n 

20 (the portion which comes in contact with the surface of a green sheet) slightly 

narrowing toward the center. This was for the purpose of preventing lateral slide 

and vertical moving of the green sheet. 

Previous sheet pressers suffered problems of not being able to fully 

preventing lifting of a green sheet because of inappropriate pressing or too weak 

25 pressing on the green sheet, or conversely, deforming or damaging the green sheet 
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because of too strong pressing. 

This is due to a change in the behavior of pressing or pressing force 

against the green sheet depending on the hardne_ss of the rubber materi~ us_ed as the 

ba8e material of the sheet presser and the shape of the sheet presser. 

For iristance, when a sheet presser made of a rubber material which is 

too hard is overly pressed against a green sheet, it may cause· a crack in or 

deformation of the green sheet. When the rubber material is too soft, the pressing 

force against the green sheet will be insufficient and securing of the sheet presser '?n 

" ·--· the punching tool tends to be insufficient. 

10 An object of the present invention is to eliminate the above described 

problems associated with conventional sheet pressers and to enable one to surely 

prevent moving, deformation, or damage of a green sheet during punching work. 

SUMMARY OF THE INVENTION 

A sheet presser for punching a. ceramic green sheet in accordance with 

15 the present invention is a sheet presser to be affixed to a punching tool having a 

cutter section for punching a via hole on a ceramic green sheet. The sheet presser is 

made of a rubber material having hardness of 50 to 60 degrees (llS K 6301-1995) 

and includes a support portion to be engaged in the punching tool, a contact PC?rtion 

which comes in contact with a green sheet, and a housing hole for ~ousing the cutter 

20 secti.on. The support portion is disposed on. one end in the axial direction with a 

relatively large outer diameter and thick-walled in the radial direction while the 

contact portion is disposed on the other end in the axial direction with a relatively 

small outer diameter and thin-walled in the radial direction . 

.. . · . ." · ... ···''"·· .... 
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In the present invention, a ceramic green sheet to be used for 

fabrication of an ordinary ceramic multilayer substrate can be used. As the ceramic 

material, alumina, glass cer~c and the like are used. A green sheet is a non- . . . . . . 

hardened sheet-form material before being hardened by ·firing. 

The punching apparatus of the present invention includes a base for 

laying a green sheet, a punching tool having a cutter section for punching and 
.. ······ -

movable toward the base, and a sheet presser to be affixed to the punching tool, the 

sheet presser having the above described features. 

The punching apparatus is. provided with mechanical structures such 

10 as a base for laying a green sheet, a punching tool attachable/detachable mechanism 

called a punch pin, for ·example, and an actuating mechanism for moving the 

punching tool toward the base. 

The punching tool has a mechanism for attaching to or detaching from 

the punching apparatus. The tip of the punching t~ol forms a thin axial or needle-

15 like cutter section corresponding to the diameter of the via hole to be punched. · 

The punching tool has a structure for affixing a sheet presser in an 

attachable/detachable manner. As a structure for atrtxing the sheet presser, a ridge 

or a groove, or an uneven shape such as pits and projections is provided around the 

20 

punching tool. · 

The sheet presser of the present invention is made of an elastic 

material such as rubber and is affixed to the punching tool in an 

attachable/qetachable manner. 

As the elastic material, synthetic rubber such as silicone rubber and 

synthetic resin may be used in addition to natural rubber. The hardness of the 

25 · elastic material may be so adjusted that pressing of a green sheet can be adequately 
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performed. Depending on the dimensions and shape of ~e sheet presser, a material 

with hardness ranging between 50 to 60 degrees is used. Here, the hardness 

represents the value measured by using a spring type hardness tester as specified by 

ns K 6301-1995 for measurement of hardness of vuicanized rubber. Also, a 

5 material with a high shape-restoring factor is preferable, and a material with. a 

shape-restoring factor of substantially 100% toward the load applied while in use is 
. . .. 

preferable. 

The shape .of the sheet presser· is basically roughly cylindrical as a 

~· ·-·· whole, and its one end in the axial direction has a support portion into which a 

10 punching tool can be engaged and the other end in the axial direction has a contact 

portion which comes in contact with a green sheet. A housing hole for housing the 

cutter section extends axially from the contact portion. 

When the outer diameter of the support portion and the outer diameter 
. -

of the contact portion are compared, the outer di~eter of the support portion is 

15 made larger. Also, when the wall thickness .of the cylindrical sheet presser is 

radially measured at the support portion and at the contact portion, it is greater at 

the support portion and smaller at the contact portion. The thick-walled support 

portion is hard to be deformed and the thin-walled contact portion is easy to be 

deformed. 

20 The outer diameter may be tapered as it goes from the support portion 

toward the contact portion. The diameter may be made smaller in steps. A 

combination of tapering and stepping may also be allowed. 

The ratio between the wall thickness Tl in the radial direction at the 

contact portion and the maximum wall thickness Tmax in the radial direction may 

25 be kept at Tl/Tmax = 0.1to0.69. The maximum value Tmax of the wall thickness 
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generally exists at or in proximity to the support portion. The greater Tmax is, the 

greater the rigidity on the side of the support portion becomes, and the smaller Tl 

is, the easier elastic deformation on the side of the contact portion becomes. 

However, when Tlf.rmax is too small making deformation on the side of the contact 

5 ·portion too easy, pressing ability against a green sheet becomes insufficient. 

. .--

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a sheet presser for punching and 

punching apparatus in a first exemplary embodiment of the present invention. 

Fig. 2 is a cross-sectional view of the sheet presser for punching and 

10 the punching apparatus while punching in the first exemplary_ embodiment. 

· Fig. 3 Is a cross-sectional view of the sheet presser for punching and 

the punching apparatus after return in the first exemplary embodiment. 

Fig. 4 is a cross-sectional view of a sheet presser for pµnching and 

punching apparatus in a second exemplary embodiment. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First exemplary embodiment· 

A description will be given on a punching apparatus in a first 

exemplary embodiment of the present inve:µtion. . The punching apparatuses as 

illustrated in Figs. 1 to 3 include a punching tool 30, a sheet presser 40, and a base 

20 10. 

The base 10 is made of steel and the like and a green sheet 20 · 

composed of a ceramic material. is laid on its flat surface. The base 10 is provided 
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with an exhaust port 12 for punched scrap 22 to be ejected after punching. 

The punching tool 30 is installed in a manner vertically movable with 

respect to the base 10. 

A main shaft 38 supported by a driving mechanism (not shoWll) has, 

5 on its tip, an annular engagement ridge 36 projecting around its outer periphery. At 

the lower end of the engagement ridge 36 is provided a columnar support shaft 34 

which has a diameter smaller than those of the engagement ridge 36 and the main 

shaft 38. At the lower end of the support shaft 34 is provided a cutter section ~2 

·-- with a diameter smaller than that of the support shaft 34. The outer diameter of the 

10 cutter section 32 corresponds to the aperture of the via hole to be punched, and the 

length of the cutter section is slightly longer than the length of the via hole to be 

punched, namely, the thickness of the green sheet 20. 

15 

20 

A sheet presser 40 is affixed around the outer periphery of the 

punching tool 30. 

The sheet presser. 40 is made of silicone rubber and is of. tapered 

cylindrical shape~ An annular engagement groove 44 is provided on the inner 

periphery of the sheet presser 40. The sheet presser 40 is secured onto the punching 

tool 30 by inserting the punching tool 30 into the sheet presser 40 and fitting and 

engaging the engagement ridge 36 _into the engagement groove 44." 

The upper end portion of the sheet presser .40 having the engagement 

groove 44 is a thick-walled support portion 46 with a large outer diameter DI. This 

portion has a high rigidity and allows the engagement groove 44 to securely fit and 

engage with the engagement ridge 36. 

The outer diameter of the· sheet presser 40 is tapering from the support 

25 portion 46 toward the lower end side, and the front end forms a relatively 
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deformable thin-walled contact portion 42 with an outer diameter D2 smaller than 

Dl. 

In the_ center of th~ sheet presser 40 which extends from _the support 

portion 46 to the contact portion 42, a housing hole 48 is provided in which the 

5 support shaft 34 and the ·cutter section 32 of the punching tool 30 are to be housed. 

---
10 

The diameter D3 of the housing hole 48 is slightly larger than the outer diameter of 
. .. . -· ·-

the cutter section 32 and the support shaft 34. To be more specific, the diameter D3 

of the housing hole 48 is set to be in_ the range 2.0 to 6.0 mm . 

. In the state in which the sheet pres~er 40 is affixed ~o the punching 

tool 30, the tip of the cutter section 32 is so disposed that it is at a position higher 

than the front end surface of the co~tact portion 42, namely, deep inside the housing 

hole 48. 

Next, a description will be given on punching process. As illustrated 

in Fig. l, a green sheet 20 is laid on the base 10. ~e punching tool 30 affixed with 

15 the sheet presser 40 is disposed above the green sheet 20. 

When the punching tool 30 is moved down as illustrated in Fig. 2 in 

the direction of an arrow 100, the sheet presser 40 comes in contact with the surface 

of the green sheet 20. When the punching tool 30 is moved down further, the sheet 

presser 40 is elastically deformed i!l the direction of arrows 101. . As that port~on of 

20 the sheet presser 40 which is close to the contact portion 42 on the front end has a 

low rigidity and is easily deformable, mainly this portiQn is deformed, and the 

posterior portion close to ·the support portion 46 is not much deformed because of a 

high rigidity. Also, the sheet presser 40 is deformed in such a manner that the front 

end side having the contact portion 42 with a small outer diameter swells to outside 

25 thus assuring that the housing hole 48 in the center will not be narrowed 
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excessively. 

The cutter section 32 of the punching tool 30 punches the green sheet 

20 to form a via hole 24. The punc~ed scr~p 22 produced by punching the via hole 

24 drops from the exhaust hole 12 and is collected. 

In this state, the elastically deformed sheet presser 40 is pressing from 

above the. periphery of that part of the green sheet 20 where the via hole 24 is 
. ... . . . . . 

formed (indicated by open arrows 102) .. Therefore, neither-the working position of 

the green sheet 20 wm ·move nor a slantingly directed resistive force is exerted ~n 

:~). the cutter section 32 thereby enabling smooth punching of a via hole at an accurate 

10 position with an accurate shape. Furthermore, as the pressing force exerted by the 

. sheet presser 40 to the green sheet 20 has been set at a moderate strength by proper 

setting of the material and shape of the sheet presser 40, no excessive force to 

damage the green sheet 20 is exerted. 

Next, as illustrated in Fig. 3, the punc~g tool 30 is ~oved up in the' 

15 direction of an arrow 103. As the sheet presser 40 keeps pressing the green sheet 20 

while being elastically deformed until the cutter section 32 is pulled out from the 

green sheet 20, lifting of the green sheet 20 together with moving up of the cutter 

section 32 can be prevented. 

When the punching ~ool 30 _returns to its original position, the above-· · 

20 described state of Fig. 1 is restored and the elastic deformation of the sheet presser 

40 is also restored. 

A practical sample of the sheet presser of the present invention was 

fabricated and its performance was evaluated. 

. Practical specifications of the punching tool 30 and the sheet presser 

25 40 are as follows. 
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Outer diameter Dl of the support portion 46 = 14.0 mni 

Outer diameter D2 of the contact portion 42 = 10.0 mm 

Inner diameter D3 of the housing hole 48 = 5.0 mm 

Wall thickness Tl of the contact portion 42 = (D2 - 03)/2 == 2.5 mm 

Maximum value Tmax o_f wall thickness = (Dl - D3)/2 = 4.5 mm 

Tl/Tmax = 0.56 

Distance L between the support portion 46 and the contact portion 42 

Working diameter of the cutter section 32 = 0.1to2.5 mm 

Material of the sheet presser 40: silicone rubber (hardness 60 degrees 

based on JIS K 6301-1995; shape restoring factor 100%) 

Using the punching tool 30 of the above specifications, punching was 

performed on a green sheet 20. 

apparatus 

Green sheet: glass ceramic (125~mm square, 235 µm thick) 

Via holes: 1.5-mmcI>, 72 holes/sheet 

Punching apparatus used: numerically controlled die punchmg 

No abnormality was observed on any of the via holes 24 on the green 

she~t 20 on which punching had been completed, and no· damage of the green sheet 

20 20 such as crack or deformation was observed. No abnormality was observed on 

the cutter section 32, either. 

By changing the composition of the silicone rubber composing the 

sheet presser 40, a plurality of sheet pressers 40 with different hardness were 

fabricated and their performance was evaluated. Table l shows the results. 
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Sheet Presser 
40 
1 
2 
3 
4 
5 
6 

Hardness 

70 degrees· 
65 de21"ees 

11 

Table 1. 

Evaluation 

Cracks and deformation remarkable 
Cracks and deformation took place 

60de~ees · Fine 
55 degrees Fine 
50 de21"ees Fine 
48 degrees Green sheet stuck; unworkable 

· As the results in Table 1 show, when the hardness of the sheet presser 

40 was 65 degrees or greater, cracks and deformation took place at the same time, 

while, when the hardness was 48 degrees or smaller, the green sheet 20 stuck to the 

sheet presser 40 making puriching work impossible. When the hardness was in the 

range 50 to 60 degrees, the gieen sheet 20 was finely processed, suggesting that the 

optimum hardness of the sheet presser 40 is in the rarige 50 to 60 degrees. 

Next, a description . will be given on examples of conventional 

strippers made by changing hardness of the material: 

With the exception of using a cylindrical· sheet presser with an 

approximately the same diameter over the entire body, punching was performed 

under the same conditions as described above. . Though the outer diameter of the 

sheet pr~ser was tbe same 14.0 .mm over the entire length, the outer diameter D2 of 

the contact portion was 13.0 mm as the bottom end had been chamfered. The 

15 material of the sheet presser was silicone rubber. 

A plurality of conventional examples were fabricated by changing the 

material hardness and their performance was evaluated. Table 2·shows the results. 

Table 2. 

Stripper Hardness Evaluation· 
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1 65 degrees Cracks and deformation 
2 60 de~ees Cracks and deformation 
3 SS.degrees Cracks and deformatfon 
4 SO de~ees Cracks and deformation; sheet stuck 
5 48 degrees Sheet stuck 

It can be found from . the results of Table 2 that, with conventional 

strippers, fme results are not obtainable even by changing the material hardness. 

From the above, technical significance of employing a sheet presser· 

having a specific construction and specific hardness in the present invention has 

5 been verified. 
·-· 

Next, a description will be given on the preferability of the ratio 

between the wall thickness Tl in the radial direction at the contact portion of the 

sheet presser 40 that comes in contact with a green sheet and the maximum value 

Tmax of the wall thickness in the radiaj direction be Tl/Tmax = 0.1 to 0.69. With 

10 regard to the minimum value of Tl/Tmax, when it was 0.1 or smaller, deformation 

of the stripper was remarkable and unacceptable a8 the cutter section 32 at times 

came in contact with the deformed sheet presser 40 thus breaking the work pin. 

With regard to the maximum value ofTl/Tmax, so far as it was 0.69 or greater, the 

stripper became hard to be deformed thus suffering a problem of becoming unable 

15 topunch. 

Second exemplary embodiment 

Referring to Fig. 4, a description will be given on a_second exemplary 

embodiment of a punching apparatus of the present invention. 

The outer diameter of the portion between a support portion 46 and a 

20 contact portion 42 of a sheet presser 140 is a co~bination of a tapering portion and 
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a portion where the diameter decreases stepwise. Description of the other structure 

will be ·omitted as it is the same as in the first exemplary embodiment. 

Similarly to the first exemplary embodiment,_ the punching apparatus 

is configured in such a manner that the support portion 46 is disposed on one end ill 

5 the axial direction, has a relatively large diameter and is thick-walled in the radial 

direction, while the contact portion 42 is disposed on the other end in the axial 

•.' ...... 

10 

·-·· -· 

direction, has a smaller outer· diameter than that of the support portion 46 and thin­

walled in the radial direction. 

As has been described above, the outer diameter of the portion 

between the support portion and the contact portion of the sheet presser to be 

employed in the punching apparatus of the present invention is not limited to the 

·shape.s illustrated in Fig. 1 and Fig. 4, and it suffices that the diameter decreases as 

. it goes from the support portion to the contact portion. 

The sheet. presser for punching a ceramic green sheet and the punching 
. ' 

15 apparatus in accordance with the present invention are capable of keeping a green . 

sheet properly pressed during punching work, performing·· accurate and smooth 

punching work, as well as preventing cracks and deformation of the green sheet and 

damage t9 the cutter. 

This ~h~~t ~~~ Been Replaced 
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* C L M S * 
What is claimed is: 

1. A sheet presser for punching a via hole to be affixed to a punching 

tool provided with a cutter section for punching a via hole on a ceramic green sheet; 

wherein said sheet presser is composed of an elastic material with 

hardness from 50 to 60 degrees (IlS K 6301-1995); the entire body is roughly 

cylindrical in shape; 

said sheet presser comprising: 

a support portion disposed on one end in the axial direction, said . 

. support portion being thick-walled in the radial direction, and engageable in said 

punching tool; 

a contact portion disposed on the other end in the axial direction, 

thinner-walled in the radial direction than said support portion with an outer 

diameter smaller than that of said support portion; and 

a housing hole axially extending from said contact portion for housing 

said cutter section . 

. 2. The ·sheet presser for _punching a via· hole of Claim 1, wherein the 

outer diameter of the portion between said support portion and said contact portion 

decreases in the shape of at least one of taper and step. 

3. The sheet presser for punching a via hole of claim 1 or 2, wherein 

the ratio of the wall thickness Tl in the radial direction of said contact portion of 

. said sheet presser and the maximum value Tmax of the wall thickness in the radial 

This Sheet Has Been Replaced 
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· 4 direction is expressed as Tl/I'max = 0.1to0.69. 

1 4. A punching apparatus for punching a via hole on a ceramic green 

2 sheet comprising: 

3 a base for laying said green sheet; 

4 . a punching tool provided with· a cutter section for performing said 

5 punching and movable toward_ said base; and 

6::. a sheet presser to be affixed to said punching tool; 

7 wherein said sheet presser is composed of an elastic material with 

8 hardness from 50 to 60 degrees (IlS K 6301-1995); the entire body is substantially 

9 cylindrical in shape; 

10 said sheet presser comprising: 

11 a support portion disposed· on one end iri the axial directi~n, thick-

12 walled in the radial direction, and engageable in said punching tool; 

13 a contact portion disposed on the oth_er end in the axial ·direction, 

14 thinner-walled in the ~adial dire_ction than said support portion with an . outer 

15 diameter smaller than that of said s~pport portion; and 

16 a housing hole axially extending from said contact portion for housing 

17 said cutter section. 

1 5. The punching apparatus for punching a via hole on a ceramic green 

2 sheet of claim 4, wherein the outer diameter of the portion between· said support 

... ···'··· ..... :"·. 
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3 portion and said contact portion decreases in the shape of at least one of taper and 

4 step. 

1 · 6. The punching apparatus for punching a via hole on a ceramic green 
.. . 

2 sheet of claim 4, wherein the ratio of the wall thickness Tl in the radial direction of 

3 said contact portion of said sheet presser and the maxim.um value Tm.ax of the wall 

4 thickness in the radial direction is expressed as Tltrmax = 0.1to0.69. 

" ' ·-· 

. . . . .. ~ .. : .. -·· 


