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CYLI NDER _ USI NG A PRESS

BACKGROUND OF THE INVENTION 5 1 Technical Field The present

i nvention relates generally to a nethod of manuf acturing a hol | ow
cylinder with a bottom and nore particularly to a nethod of pressing

a circular ' ,plate to forma hol | ow cytilmder with a bottom which may be

enpl oyed in.rotary head 1 0 druns of nmagnetic recordi ng and reproduction
systens such as '

METHOD OF MANUFACTURING BOTTOMED HOLLOW CYLINDER
USING A PRESS |/

BACKGROUND OF THE INVENTION |
5 1 Technical Field |
The present invention relates generally to a method of
manufacturing a hollow cylinder ﬁm a bottom, and more
particularly to a method of pressing a circular plate to form a hollow
cylinder with a bottom which may be employed in rotary head
10 drums of magnetic recording and reproduction systems such as
video tape recorders and digital audio tape recorders.
2 Background of Related Art ,
As is well known in the art, a rotary head type magnetic
recording and production system wraps a traveling magnetic tape
15 helically about a rotary head drum to form slant tracks on the
magnetic tape for recording information thereon or to reproduée
information recorded in slant tracks on the magnetic tape. The
rotary head drum usually consists of a bottomed lower cylinder and a
rotary upper cylinder disposed 'coaxi'ally with the lower’ cylinder.
20 ~ Such upper and lower cylinders are commonly manufactured
by die-casting an aluminum alloy and machining it into a desired
shape. | _
Japanese Patent First Publication No. 63-211113 teaches an
e alternative manufacturing method of pressing a single disc plate to
25 form a cylindrical member fqr rotary head drums.

S o - o Finishing a casting into a desired shape precisely, however,



vi deo tape recorders and digital audio tape recorders.. THIS SHERT kidSoBRRN
of Rel-ated Art As is well known in the art,. afrotarRERL&GEDt ype
magneti c recordi ng and production system w aps a travel I'ng nagnetrc
tape 15 helically about a rotary head drumto formslant tracks on the
magnetic tape for recording information thereon or to reproduce

i nformation recorded in slant tracks on tt-magnetic tape. The rotary
head drum usual ly consists of a bottoned | ower cylinder and a rotary
upper cylinder di sposed coaxially with the lower cylinder. 2 0 Such
upper and Io SP/ Bﬁ&g t ke I ng an
al um num al | oy an ;i%rg% %g&;]%lu"tiﬁl nt o ax*ﬁem o ef'ﬁﬁ%e aﬂuouxﬁyoﬁl'tﬁnéﬁi-
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al ternative manufa turlng met hod of pressing a si di sc pl at
forma cylinghdcappemrata $@rfateofithel6isect bftige being cut into a firdishi ng a

casting into a deS|red shape precisely, "however,
shape, resulting in a defective product. Even if the cavities do not .
5 appear at the surface of the object, they may result in rotational
unbalance of, for example, a rotary head drum needed to be rotated
with high accuracy. An unbalance-correcting operation thus
becomes necessary.
The above problems involved in die-casting is not encountered
10 in making a rotary head drum of a single metal plate in press
. working as taught in the above publication. This press working,

however, simultaneously performs three steps of extending the
periphery of a disc plate vertically, making the center thereof
hollow, forming mounting holes for rotary heads and a rotational

15 shaft, Whlch may result in stress on the finished cyhnder leading to
the fracture ultimately. The c1rcu1anty of a side wall of the cyhnder
is usually low, causing the center of gravity of the rotary head drum
to be shifted from the center of .rotation, resulting in rotational
shake of the rotary head drum. It is also difficult for the press

20 Wofking to .provide a machining allowance to the side wall of the
cylinder. |

- SUMMARY OF THE INVENTION
It is therefore a principal object of the present invention to
~avoid the disadvantages of the prior art.
25 It is another object of thé present invention to provide a

manufaéturing method of pressing a single circular plate to form a
——————'—_—__———_——_——_——.

heet Has Been RTlaoed

i



Substitute sheet - 13 August 1998 THIS SHEET HAS BEEN
-2- requires a large anount of machining or a |argeg amup PRAC r?g
for shaping. Wthin an object die-casted, porosity Or—asw-tiL Ry
form and appear at a surface of the object after being cut into a
final shape, resulting in a defective product. Even if the cavities
do not 5 appear at the surface of the obpPect, they may result in

rot ati onal unbal ance of, for exanple, a rotary head drum needed to be
rotated - wi th high accuracy. An unbal ance-correcting operation thus
becones neceyAinder with a bottoﬁh%&?&!@b?é@ﬁh%@%vhéy@bwwl Wiay REHING IS
not encounteréd 1 0 in naking a rotary head drumof a single netal plate
in press civ@ilgirity. as taught in the above publication. This press

wor ki ng.

According to one aspect of the present invention, there is

provided a method of manufacturing a hollow cylinder with a bottom

. 5 comprising the steps of: (a) pressing a single circular plate using a
first punch to form a hollow cylinder with a bottom; (b) thrusting an
end of a side wall of the hollow cylinder in a direction substantially
parallel to the side wall using a second punch so as to have given
shape and given thickness of the side wall; and (¢) machining an

10 outer surface of the side wall of the hollow cylinder so as to have a
given surface roughness and a given roundness.

In the preferred mode of the invention, the manufacturing
method further includes the step of stretching pressing a central
portion of the bottom of the hollow cylinder member to form a

15 recess projecting inward of the hollow cylindrical member coaxially
with the side wall of the hollow cylinder. o

The manufacturing method also includes the step of pressing
the bottom of the hollow cylinder to form an annular protrusion on
the corner of the bottom and the step of machining a groove

20 traversing a portion of the a.nnu_lar protrusion.

According to another aspect of the present invention, there is
provided a method of manufacturing a bottomed hollow cylinder
used as a rotary head drum comprising the steps of: (a) pressing a
single circular plate using a first punch to form a hollow cylinder

25 with a bottom; (b) thruéting an end of a side wall of the hollow

cylinder in a direction substantially parallel to the side wall using a
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However, sinultaneously perforns three steps of extending the
periphery of a disc plate vertically, making the center thereof

hol l ow, form ng nmounting holes for rotary heads and a rotational 1 5
Shaft, which may result in stress on the finished cylinder, leading to
t he fracture ultimately. The circularity of a side wall of the cylinder
is usually low, causing the center of gravéty of the rotary head drum
to be shifted fromthe center of rotatlon resulting in rotational
shake of the rotary head drum is also difficult for the press 2 0
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di sadvant ages e prior art.

hollow cylinder so as to have a given surface roughness and a given
roundness. |

5 In the preferred mode of the invention, the manufacturing
method further includes the step of stretching pressing a central
portion of the bottom of the hollow cylinder member to form a
cylindrical recess projecting inward of the hollow cylindrical
member coaxially with the side wall of the hollow cylinder for

10 mounting a support shaft of the rotary head drum.

The manufacturing method also includes the step of thrusting
the end of the side wall of the hollow cylinder to form an annular
protrusion on the corner of the bo&om and the step of machining a
groove traversing a portion of the annular protrusion for exposing a

15 magnetic head outside of the side wall of the hollow cylinder when
the magnetic head is mounted on the bottom of the hollow cyﬁnder.

The manufacturing method further includes the step of
'pressing the bottom of the hollow cylinder to form protrusions on
an outer surface of the bottom for mounting a magnetic head and a

20 rotary transformer.

The machining step machines the outer surface of the side
wall of the hollow cylinder using a cutting tool provided with a
diamond tip which has a rake face defined by a plane in a crystal
lattice of diamond of the tip having a Miller indices of 110 and

25 which has a flank definé_d by a plane in the crystal lattice of the

diamond having a Miller indices of 112.
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According to the present invention, there is provided a nethod of

manuf acturing a bottoned hollow cylinder used as a rotary head drum
conprising the steps of: (a) pressing a single circular plate using a
first punch to forma hollow cylinder wwth a bottom (b) thrusting an end

of a side wall

to the side wall using a

10

15

20

25

The manufacturing method further includes the step of
machining an inner surface of the cylindrical recess formed in the
bottom of the hollow cylinder using a cutting tool whose tool angle
is an obtuse angle greater than 45°. |

The manufacturing method further includes the step of
smoothing an inner surface of a bottom of the cylindrical recess
formed in the bottom of the hollow cylinder to form a reference
level for machining other portions of the hollow cylinder.

The manufacturing method further incudes the step of
chamfering corners of portions of the hollow cylinder to be
machined so as to have given heighté from the reference level.

The single circular plate has a thickness of 2.5mm or more.

According to a third aspect of the invention, there is provided

-a product by the processes as set forth above.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from the
detailed description given hereinbelow and from the accompanying
drawings of the preferred embodiment of the invention, which,
however, should not be taken to limit the invention to fhe specific
embodiment but are for explanation and understanding only.

In the drawings:

Fig. 1(a) is a cross sectional view which shows a die and a
workpiece use to form a cylinder' with a bottom in a drawing
process' according to the present invention;

Fig. 1(b} is a cross sectional view which shows a hollow

cylinder formed by the drawing in Fig. 1(a);

of the hollow cylinder in a&krection substantially parall el



-7- second punch so as to have a given thickness throughout the side

wal | ; and (c) machining an outer surface of the side wall of the

hol | ow cylinder so as to have a given surface roughness and a given
roundness. 5 In the preferred node of the invention, the

manuf act uri ng met hod further includes the step of stretching pressing
a central portion of the bottom of thmeBhollow cylinder member to form
a cylindrical recess projecting inward of the hollow cylindrical

menber coaxially with the side wall of the hollow cylinder for 10 nmounting

ROt Al o EECRAY chpsfptshal view which SEWEEHARYT S, |
the holl ow cyk{nflger ehd ar MePis@dH! #first step of thrusting press of the
invention;

Fig. 2(b) is a cross sectional view which shows a hollow

5 cylinder formed by the press in Fig. 2(a);

Fig. 3(a) is a cross sectional view which shows a hollow
cylinder and a die used in a second step of thrusting press;

Fig. 3(b) is a cross sectional view which shows a hollow
cylinder formed by the press in Fig. 3(a);

10 Fig. 4(a) is a cross sectional view which shows a hollow
cylinder and a die used in a first step of stretching press following
the press shown in Fig. 3(a) for forming a cylindrical recess in a
bottom of the hollow cylinder;

Fig. 4(b) is a cross sectional view which shows a hollow

15 cylinder formed by the press. in Fig. 4(a);

Fig. 5(a) is a cross sectional view which shows a hollow
cylinder and a die used in a second step of stretching press for.
forming curved protrusions on a bottom of the hollow cylinder;

Fig. 5(b) is a cross sectional view which shows a hollow

20 cylinder formed by the press in Fig. 5(a);

Fig. 6(a) is a cross sectional view Which shows a hollow
cylinder and a die used in a third step of stretching press for
forming rectangular protrusions on a bottom of the hollow cylinder;

Fig. 6(b) is a cross sectional view which shows a hollow.

25 cylinder formed by the press 1n Fig. 6(a);

Figs. 7(a) and 7(b) are enlarged cross sectional views which



protrusion on the corner of the bottomand the step of machining a
groove traversing a portion of the annular protrusion for exposing a 15

magneti ¢ head outside of the side wall of the hollow cylinder when t he
fmagnetic head is mounted on the bottom of the hollow cylinder.

The manufacturing nmethod further includes the step of pressing the
bottom of the hollow cylinder to form prot#usi ons on an outer surface
of the bottom for nmounting a magnetic head and a 20 rotary transfornmer.
The machi ning step machi nes the outer surface of the side wal | of the

ol 24 o1 o DR Sl SO detbativhot s P £
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of 112. Fig. 8 is an enlarged cross sectional view which shows the
thrusting press shown in Fig. 3(a);
5 Fig. 9 is a partially enlarged cross sectional view which shows
the thrusting press shown in Fig. 8; -
Fig. 10 is a perspective view which shows the hollow cylinder
formed by the press in Fig. 6(a);
Fig. 11 is a perspective view which shows the hollow cylinder
10 in Fig. 10 drilled to form a plurality of holes;
Fig. 12 is a plan view which shows the hollow cylinder in Fig.
11 on which dowels are formed; _
Figs. 13(a) and 13(b) are partially cross sectional views which
show the dowels formed in the hollow cylinder of Fig. 12; |
15 Fig. 14 is a partial side viéw which shows a cutting tool used in
" a finishing process; | |
Fig. 15 is a partial side view which shbws another cufting tool
used in a finishing process;
Figs. 16(a) and 16(b) are partially cross sectional views which |
20 show chamfered surfaces of the holes formed in the hollow cylinder
shown in Fig. 11; | .
Fig. 17 is a partially side view which shows chamfered surfaces
of an opening formed in a ring-shaped protrusion of the hollow
cylinder of Fig. 11;
25 Fig. 18 is a cross sectional view which shows a modification of

the press shown in Figs. 2 and 3;



-5 - ' The manufacturing nmethod further includes the step of
machi ning an inner surface of the cylindrical recess fornmed in the
bottom of the hollow cylinder using a cutting tool whose tool angle S
ah obtuse angle greater than 45. 5 The manufacturing nethod further
i ncl udes the step of snmoot hing an inner surface of a bottom of the
cylindrical recess formed in the botto®rof the hol | ow cylinder to form
a reference | evel for machining other portions of the hollow cylinder.
The manufacturing nmethod further incudes the step of 1 0 chanfering corners

of portions of thEg?gé'Qy(af)yéﬁ&dﬁé(m %:Eeparuml £644)18dcHBnAT ViGwBaWRidH Ven

hei ghts fromthe r rence | evel he single circular plate has
a thickness okhdwATH) ¥qUEHE of backward eXietieich Pirotesses Whidhagpget of the

i nvention, there is prOV|ded
alternatively performed instead of the press shown in Fig. 5(a);
Fig. 20 is a partially cross sectional view which shows a chuck
5 and a hollow cylinder when an outer surface of the hollow cylinder
is finish machined using a cutting tool; and
Fig. 21 is a partially cross sectional view which shows a chuck
and a hollow cylinder when an inner surface of the hollow cylinder

is finish machined using a cutting tool.

10 | DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings, particularly to Figs. 1(a) to 6,
there are shown sequentiall press processes for forming an upper
cylinder of a rotary head drum used in a VHS video tape recorder,
for example. |
15 First, a 85mm-diameter, 3mm-thick aluminum circular plate
1a is, as shown in Fig. 1(a), placed over a cylindrical recess 2a
having a diameter of 65mm formed in an upper surface of a press
~die 3a in coincidence of the center of the circular plate la with the
center of the recess 2a. The circular plate la may altefnatively be
20 an aluminum alloy or steel plate having a thickness of 2.5mm or
more enough to withstand breakage during press or deformation of
a pressed cylinder when clainped by a chuck for finishing. Next,
the circular plate la is forced into the recess 2a using a 58mm-
.diarneter punch 10 to bend the peripheral portion of the circular
25 plate la, .as shown in Fig. 1(b), perpendicular to the center or

bottom to form a bottomed hollow cylinder 1b. This process is



a-product by the processes as set forth above. 15 BRI EF

DESCRI PTI ON OF THE DRAW NGS The present invention wll be
understood nore fully from-the detail ed description given hereinbel ow
and fromthe acconpanyi ng drawi ngs of the preferred enbodi ment of the
I nvention, which, however, should not be taken to limt the invention
to the specific 2 0 enbodi nent but are for9expl anati on and under st andi ng
only. In the draw ngs: Fig. 1 (a) is a cross
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1b.

After being pressed in Fig. 1, the hollow cylinder 1b will have,
5 as shown in Fig. 7(a), a thin-walled portion ranging from the middle
of the side wall 101 to the bottom 102. The wall thickness of the
thin portion is nonuniform.
In order to deform th.e side wall of the hollow cylinder 1b to
be uniform in thickness, the press, as will be referred to as
10 thrusting press in the following discussion, is performed in the
following manner.
First, the hollow cylinder 1b is, as shown in Fig. 2(a), fitted
into a cylindrical recess 2b having a diameter of 65mm formed in a
press die 3b. | |
15 A cylinder punch 31, as shown in Fig. 7(a), having a diameter
of 58mm is fitted into the hollow cylinder 1b to hold it firmly. ‘The
end of the side wall of the hollow cylinder 1b is then thrust or
struck using an annular punch 32 downward, as viewed in the
drawing, to press the side wall 101 vertically against the bottom of
20 .the press die 3b, thereby thickening the thin-walled portion of the
side wall 101 to form a hollow cylinder lc, as shown in F_igs. 7(b)
and 2(b) havixig uniform overall thickness of the side wall 101.
The uniformity of thickness of the side wall 101 provides
uniformity of a machining allowance of the periphéry of the side wall
25 101, thereby facilitating machining of the side wall 101 for
establishing a desired circularity thereof. This avoids rotational

shake of the hollow cylinder 1b when used as an upper cylinder of a



-6 - Fig.-2(a) is a cross sectional view which shows a hol |l ow
cylinder and a die used in a first step of thrusting press of the

I nventi on; Fig. 2(b) is a cross sectional view which shows a
hollow 5 <cylinder fornmed by the press in Fig. 2(a); Fig. 3(a)
I's a cross sectional view which shows a hol | ow cylinder and a die used
In a second step of thrusting press; -10- Fig. 3(b) is a cross
sectional view which shows a hol | ow cylinder forned by the press in
Fig. 3(a); 10 Fig. 4(a) is a cross sectional view which shows a

oL oy ORI e AnoBhldhgs Fesd aeRrAleSh S I 4 B
(e0ess L1 2SI B AL g 2. T 4D s 2
The thus formed hollow cylinder 1lc is, as shown in Figs. 3(a),
8, ahd 9, fitted into a cylindrical recess 2c having a diameter of
5 65mm, formed in a press die 3c. The cylindrical recess 2c has, as
clearly shown in Fig. 9, formed in a peripherall portion of the bottom
thereof an annular groove 4 having a depth of approximately
1.56mm. The annular groove 4 has a side surface 4a tapered off to
the bottom thereof so as to define a trapezoidal shape in cross
10 section. '

Subsequently, the thrusting press is performed again in the
following manner. A'cylindrical punch 6 having a diameter of 56mm
is, as shown in Fig. 8, is inserted into the hollow cylinder lc to hold
it in the recess 2c of the press die 3c. The end of the side wall of

15 the hollow cylinder 1c¢ is then struck downward, as viewed in the
drawing, using an annular punch 34 to force the corner or |
peripheral portion of the bottom of the hollow cylinder 1lc into the
annular groove 4 of the press die 3¢ to form a hollow cylinder 1d, as
shown in Fig. 3(b), which has a ring-shaped protrusion 7 contoured

20 to the annular groove 4. The ring-shaped protrusion 7 is provided
to have a given gap between the bottom of the hollow cylinder 1d
when used as an upper cylinder of a rotary head drum and a lower
cylinder of the fotary head drum.

Fig. 8 shows at the lower right corner the annular groove 4

25 immediately before the corner of the hollow cylinder lc is

deformed by the impact of the punch 34 and at the lower left



5 cylinder formed by the press in Fig. 4(a); Fig. 5(a) is a

cross sectional view which shows a hol |l ow cylinder and a die used in a
second step of stretching press for form ng curved protrusions on a
bottom of the holl ow cylinder; Fig. 5(b) is a cross sectiona

vi ew whi ch shows a hollow 20 cylinder fornmed by the press in Fig. 5(a);
Fig. 6(a) is a cross sectional view whichlshows a hol | ow cyl i nder and
a die used in athird step of stretching press for forning rectangul ar

rotrusi ons on tomof th ol.l cyl 6(b a
gross sectloﬁgrnﬂgh%‘?wrsﬂg\ﬁg y Il%g%ﬂlllcn(i& FBPn’EB b§/h? = perss
0 Fig. 6(3) brotruion 7 aﬁegsnemgaaefa oH Blol in ARG GO ASChHa

vi ews which
punch 34 has formed in its bottom a recess 200, as shown in Fig. 9,

defined by a tapered surface 5 which has an inclination of ¢ (25° to

5 35°, preferably, 30°) relative to the bottom of the hollow cylinder
lc. An end of the tapered surface 5 is rounded by R=1mm. The
ring-shaped protrusion 7 is formed with plastic deformation of the
peripheral portion of the bottom of the hollow cylinder 1c by the
tapered surface 5 on the bottom of the punch 34.

10 The thus formed hollow cylinder 1d is, as shown in Fig. 4(a),
placed on a cylindrical press die 3d which has formed in its central
portion of an upper surface a cylindrical recess 2d having a diameter
of 25mm and a depth of 10mm. The hollow cylinder 1d is then
forced by a punch 210 having a diameter of 20mm into the recess

15 2d in stretching press to form a hollow cylinder le, as shown in Fig.
4(b), having formed in a central portion of the bottom thereof a
cylindrical recess (i.e., a hub) 8 contoured to the recess 2d of the
press die 3d. An inner diameter of the cylindrical recess 8 will be
approximately 20.5mm to 21.5mm. |

20 Subsequently, the hollow cylinder le is, as shown in Fig. 5(a),
fitted into the cylindrical recess 2c¢ formed in a press die 3e which
is identical with the one shown in Fig._ 3(a). The press die 3e has
formed in the cylindrical recess 2¢ a pair of curved grooves 2e each
having a width of 10mm and a length of 25mm. The curved grooves

25 2e are formed with a quarter of a circle and diametrically opposed
to each other with respect to the center O of the cylindrical recess

2c. The bottom of the hollow cylinder le is then forced into the



-7 - show a variation in wall thickness of the hollow cylinder by

t.he thrusting press shown in Fig. 2(a); . Fig. 8 is an

“enl arged cross sectional view which shows the - thrusting press shown in
Fig. 3(a); 5 Fig. 9 is a partially enlarged cross sectional view
whi ch shows the thrusting press showmn in Fig. 8; Fig. 10 is
a perspective view which shows the hol | owl&¢ i nder formed by the press
in Fig. 6(a); Fig. 11 is a perspective view which shows the

hol I ow cylinder 10 in Fig, 10 drilled to forma | ur al of. hol es;
Fig. 12 is acpregd GRS 2EHNSRGR wahmwvevﬁ.%a@q‘% oylipder 1f, as on

Sross socti oRGPVR Bhdigd B and 10, pthie e SPolFotR REFHER! ow
O o ubnd Sontqry o A B 28 A, 10
partial side\d, eVWBHEAL SO AN Fafisforhdis! OPhe curved protrusions 9
5 are arranged around the cylindrical recess 8. In other words, the
cylindrical recess 8 is formed in the vicinity of the curved .
protrusions 9. This is because it is desirable that the inner
diameter of the cylindrical recess 8 be as large as possible for
establishing stability of relative motion of the cylindrical recess 8
10 and the drum shaft fitted into the cylihdrical recess 8 to minimize
rotational shake of the rotary head rum.
The punch 61 has, as shown in Fig. 5(a), formed on its bottom
a pair of curved protrusions 61e each of which is defined by a
qguarter of a circle having a width of 10mm and a length of 25mm
15 and which are diametrically opposed to each other across the
center line L thereof. The punch 61 deforms or stretches at the
curved protrusions 61e the bottom of the hollow cylinder le into
the curved grooves 2e to form the curved protrusions 9.
Subsequently, the hollow cylinder 1f is, as shown in Fig. 6(a),
20 fitted into the cylindrical recess 2c formed in a press die 3f. Fig.
6(a) shows a cross section of the hollow cylinder 1f as viewed from a
direction perpendicular to the one shown in Fig. 5(a}. The press
die 3f has formed in the chihdriéal recess 2¢ a pair of rectangular
~ recesses 2f each having a width of 8mm and a length of 10mm,
25 diametrically opposed to each other with respect to thé center O of
the cylindrical recess 2c. The bottom of the hollow cylinder 1f is

then forced into the rectangular recesses 2f using a punch 62 to



~used in a finishing process; Figs. 16(a) and 16(b) are partially
cross sectional views which 2 0 show chanfered surfaces of the hol es forned

in the hollow cylinder shown in Fig. 11, Fig. 17 is a
partially side view which shows chanfered surfaces of an opening
formed in a ring-shaped protrusion of the holl ow cylinder of Fig. 11;
25 Fig. 18 is a cross sectional vit@-which shows a nodification of
the press shown in Figs. 2 and 3;

-8 -

form a hollow cylinder 1g, as shown in Figs. 6(b) and 10, having
formed on its bottom rectangular protrusions 10 contoured to the
rectangular recesses 2f. The punch 62 has, as shown in Fig. 6(a),
formed on its bottom a pair of rectangular protrusions 62f which are
5 diametrically opposed to each other across the center line L and
each of which has a width of 8mm and a length of 10mm. The
punch 62 deforms or stretches at the rectangular protrusions 62f
the bottom of the hollow cylinder 1f into the rectangular recesses 2f
to form the rectangular protrusions .10. Each of the rectangular
10 protrusions 10 serves as a mounting base for a magnetic head.
Threaded holes 12 for mounting the rotary transformers and
the magnetic heads and a center hole 13 for supporting a drum
shaft, as shown in Fig. 11, are formed at preselected locations of the
hollow cylinder lg; The hollow cylinder 1g is then subjected to
15 Theat treatment and finish machined into a desired shape. The
threaded holes 12 are commonly formed by spotting holes in pfess
working and tapping the holes, however, they may alternatively be
formed in another manner. _
Prior to the machining of the hollow cylinder 1g, edges of
20 portions to be machined, for example, the threaded holes 12 and an
upper edge of each of grooves or openings 11 of the ring-shaped
protrusion 7 may be chamfered, as shown in Figs. 16(a), 16(b), and
17, for avoiding formation of burrs due to the machining. The
openings 11 are formed, as clearly.shown in Fig. 11, so as to
25 traverse the ring-shaped protrusion 7 for partially exposing the

magnetic heads outward when mounted on the rectangular



Fi‘gs. 19(a) and 19(b) are partially cross sectional views whi ch shows

a 'sequence of backward extrusion processes whi ch may alternatively
performed instead of the press shown in Fig. 5(a); Fig. 20 is a
partially cross sectional view which shows a chuck 5 and a hollow
cylinder when an outer surface of the hollow cylinder is finish

machi ned using a cutting tool; and -14-Fig. 21 is a partially cross
sectional view which shows a chuck and a hol | ow cylinder when an inner
surface of the hollow cylinder is finish machined using a cutting

S8 110 o PEETTIEESTD VSN CEAEIRSEETED DRty e
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cylinder of a rotary head drumused in a VI deo tape
exanple. 1 5 16(a), Ror87.5% 5showimaifeFeg. 180}, ithi the ééﬁf&ﬁnﬁbcgrtwﬂi’é pl ate
threaded hole 12. It is also desirable that the chamfered surface 7b
5 have a length of 0.2mm to 0.3mm and be inclined at approximately
45° to an upper surface 7a of the ring-shaped protrusion 7. |
Corners of upper surfaces of the curved protrusions 9 and the
rectangular protrusions 10 may also be chamfered when they are
machined. _
10 The machining of the hollow cylinder 1g involves rounding a
side wall of the hollow cylinder 1g so as to have a desired surface
roughness, smoothing an inner surface 8a of the bottom wall of the
cylindrical recess 8, as shown in Figs. 11 and 12, to define a
reference level perpendicular to the central axis of the hollow
15 cylinder 1g, machining and smoothing upper surfaces of the curved
protrusions 9 and the rectangular protrusions 10 to given heights
from the reference level, i.e., inner surface 8a (e.g., machining the
upper surfaces of the rectangular protrusions 10 if used as the
magnetic head mounting base up to a height of 8mm.to 10mm and
20 the upper surfaces of the curved protrusions 9 if used as the rotary
transformer mounting base up to a height of 11mm to 13mm), and
forming the openings 11 in alignment with the rectangular
protrusions 10 as clearly shown in Figs. 11 and 12. The above
machining of the hollow cylindér 1g may be performed using a
25 cutting tool 90 or 91 as shown in Figs. 14 and 15 with the outer

side wall of the cylindrical recess 8 clamped and rotated by a three-



ld is, as shown in Fig. 1(a), placed over a cylindrical recess 2a

havi ng a di aneter of 65mm fornmed in an upper surface of a press die 3a
i n coincidence of the center of the circular plate la with the cent er
of the recess 2a. The circular plate la may alternatively be 20 an

alum num al l oy or steel plate having a thickness of 2.5nmm or nore -
enough to withstand breakage during press-b5-defornmation of ~a pressed
cylinder when clanped by a chuck for finishing. Next, “the circular
plate la is forced into the recess 2a using a 58m di anet erhp.unc_h 10
to bend the l Welgh [ t s _sho in
Fig. I(b), pg‘ﬁ)‘t%ﬁ:‘%&l g?%{gdhtﬁnh]e&%en erlg'o?[(ﬁé,'l %eﬁ%ﬁsggﬁt%a&gﬂg?%m@ med

h(g)l low cylindse fobmelsfnilt@eR™sY with the press to form the ring-shaped

protrusion 7.

After the hollow cylinder 1g is finish machined, the magnetic

5 heads and the rotary transformers are mounted on the rectangular

protrusions 10 and the curved protrusions 9, respectively. The

hollow cylinder 1g is then mounted on the drum shaft in

engagement of the reference level, i.e., inner surface 8a of the

cylindrical recess 8 with the top of the drum shaft having a disc or

10 flange.

Two or more dowels, as shown in Fig. 12, may be formed on

the upper surface of the hollow cylinder 1g around the center hole

13 as a guide plane for jigs for machining the rectangular

protrusions 10. The dowels may be formed, as shown in Figs. 13(a)

15 and 13(b), by half blanking or drawing.

First Modification

Instead of the two thrusting press processes as shown in Figs.

2(a) and 3(a), a single thrusting press, as discussed below, may be

performed to adjust the thickness of the side wall and bottom of the

20 hollow cylinder 1b and to form the ring-shaped protrusion 7

simultaneously.

First, the hollow cylinder 1b formed by the drawing in Fig. 1 is

fitted into the cylindrical recess 2c of the press die 3¢ as shown in

Fig. 18. Next, the hollow cylinder 1b is firmly held by a punch 33

25 made of a cylindrical member which has the same diameter of that

of the punch 6 and which is rounded at a peripheral corner thereof.



géneral ly called "drawing". The draw ng may be performed two or nor e

ti'mes in order to sharpen a corner A of the hollow cylinder | b.
After being pressed in Fig. 1, the hollow cyli nder Ib will have, 5 as
shown in Fig. 7(a), a thin-walled portion ranging fromthe mddle ~of
the side wall 101 to the bottom 102. The wal] thickness of the thin
portion is nonuniform In order %& deform the side wall of the
hol l ow cylinder Ib to be uniformin thickness, the press, as will be

referred to a?ﬁé Qnaf};flﬁ-gﬁ Eﬂi\,ﬁpﬁ%ﬁg; %%: oy W@e]ﬂ! ﬁcﬁgﬁi ??2( #'bc? P&WCh

perfornmed in

cylinder b ig83 fsStidi?\¥ArhSted ggg%ng%lor ma{dﬂﬁdpun(:h 53t Qovin G%J.r'g %§| cal

recess 2b having a di aneter of press

A eyl e s Wi U Sk A01 SRR Y e ng i?”‘“
the side wal | bottdrhel 02!dfothe présididic |3z, i theirbB§ xhlé'kll'ﬁg t‘He thickness of the
5 side wall 101 and the bottom 102 uniform and to force the corner
or peripheral portion of the bottom 102 into the annular groove 4 of
the press die 3c to form the ring-shaped protrusion 7 contoured to
the annular groove 4. This forms the same cylinder as the hollow

cylinder 1d as shown in Figs. 3(a) and 3(b).

10 Second Modification
Instead of the manufacturing process, as discussed in Fig. 5, to

form the hollow cylinder 1f or the stretching process to form the
ring-shaped protrusion 9 in the above first modification, the
backward extrusion may be used. For example, the hollow cylinder

15 1leis, as shown in F1g 19(a), disposed on a press die 30e having
formed therein a pair of curved grooves 20e each having a width of
10mm and a length of 25mm. The curved grooves 20e are formed
with a quarter of a circle and diametrically opposed to each other
with respect to the center of the press die 30e. The bottom of the

20 hollow cylinder le is then forced into the curved grooves 20e using
a punch 35 to form the hollow cylinder 1f, as shown in Fig. 9(b),
having formed on its bottom curved protrusions 9 defined by an
inner wall contoured to an outer wall of the punch 35 and an outer
wall contoured to an inner wall of the curved grooves 20e. The

25 curved grooves 20e are smaller in depth than thé curved grooves 2e

shown in Fig. 5(a) and have, for example, a depth of 2mm to 2.5mm.



st’ruck using an annul ar’ punch 32 downward, as viewed in the drawi'ng,
to press the side wall 101 vertically against the bottomof 20 the press

di,e 3b, thereby thickening the thin-walled portion of the side wal |
101 to forma hollow cylinder 1c, as shown in Figs. 7(b) and 2(b)

havi ng uni form overal |l thickness of the side wall 101. _ The
uniformty of thickness of the side wall 1317 provides uniformty of a

machi ni ng al l owance of the periphery of the side wall 25 101, thereby
(26112, A 95 45 L 50 Blidh S, g LT bl
?>1’| ionfjer b WeArk Yp 8He Fudch EIPEE SHAWAYR FiY. S(a). The press die 30e

includes a stripper plate 36 which strips the hollow cylinder 1f free

of the punch 35 when the punch 35 is lifted up after the backward

5 extrusion. The backward extrusion eliminates the need for holding
the hollow cylinder le against the press die 30e through the punch
35, thus preventing portions of the hollow cylinder 13 to be

extruded (i.e., the curved protrusions 9) from rupturing.

Third Modification

10 Instead of the process to machine the hollow cylinder 1g after
the press, as discussed in Fig. 6, or in the first or second
modification, the lhollow cylinder 1g may be machined with the
cylindrical recess 8 held and rotated by a diaphragm type chuck 80
as shown in Fig. 20. The diaphragm type chuck 80 includes a

15 diaphragm 81 provided at an end of a hollow cylinder and three or
more, e.g., eight jaws 83 disposed on the diaphragm 81 around the
center of thereof at regular intervals. The movement of the
diaphragm 81 in a direction as indicated by an arrow by air pressure
causes the jaws 83 to be shifted inward to clamp the periphery of .

20 the cylindrical recess 8 of the hollow cylinder 1g securely. The
‘hollow cylinder 1g clamped by the.chuck 80 is then rotated. The
outer side wall 101 and the 6uter bottom wall 102 of the hollow
cylinder 1g and the inner side and bottom walls of the cylindrical
recess 8 are machined by the cutting tool 90, as shown in Fig. 14, or

25 the cutﬁng tool 91, as shown in Flg 15. It is advisable that the

inner side and bottom walls of the cylindrical recess 8 be machined



rotary head drum The thrusting press al so sharpens the corner A of

the hollow cylinder 1c as shown in Fig. 2(b). The thus forned
hol l ow cylinder 1c is, as shown in Figs. 3(a), 8, and 9, fitted into
a cylindrical recess 2c having a dianmeter of 5 65mm formed in a press
die 3c. The cylindrical recess 2c has, as clearly shown in Fig. 9,
formed in a peripheral portion of the bot t=dn8 - t hereof an annul ar
groove 4 having a depth of approxinmately 1.56mm The annul ar groove 4
has a side surface 4a tapered off to the bottomthereof so as to
define a trapéfemmndah epentg Bndr &isard Qhes&%tbﬁf‘thereof Since tRdbsequently,
the thrusting press is perforned again in the foll ow ng manner. A
cylindrical pthitkifessaof theacatirerebetwedn P8 bottom bhd e H1Q¥RwhN JF the 8
is inserted into the hollow cylinder 1c to hold it inthe recess 2c

of the press eylingricaliwecesd ®is igreatdrdthanlthatfof other portions, a large
amount of material must be removed, which may cause, for example,
5 a tip 901 of the cutting tool 90 to be broken. In order to increase a

service life of the cutting tool 90, it is desirable that the tool angle 0
of the tip 901 be an obtuse angle greater than 45°, preferably, 60° to
75°. Itis also desirable that the cutting tool 91, é.s shown in Fig. 15,
having a natural or synthetic diamond-made tip 911 be used. The

10 tip 911 has a rake face 911a defined by a plane in a crystal lattice of
diamond of the tip having a Miller indices of {110) and has a flank
911b defined by a plane in the crystal lattice of the diamond having
a Miller indices 6f (112). The (112) plane has a higher hardness.
The increase in service life of the cutting tool 91 is thus achieved by

15 using the (112) plane as the flank 911b. In Fig. 15, P indicates a

plane perpendicular to a surface to be finished.

Fourth Modification
Instead of the process to machine the hollow cyhnder 1g after
the press, as discussed in Fig. 6, or in the first, second, or third
20 modification, the outer wall of the bottom of the cylindrical recess 8
may be machined prior to machining the side wall 101 of the hollow
cylinder 1g and the inner wall of the cylindrical recess 8. First, the
side wall 101 of the hollow cylinder 1g is, as shown in Fig. 21,
clamped with a weak force using three or more, e.g., eight jaws 830
25 ofa diaphragm type chuck (not shown) similar to the one shown in

Fig. 20. The inner peripheral surface of the side wall 101, the inner



15 the hollow cylinder lIc is then struck downward, as viewed in the

drawi ng, using an annular punch 34 to force the corner or peri pher al
portion of the bottom of the hollow cylinder 1c into the annul ar _
groove 4 of the press die 3c to forma hollow cylinder 1d, as shown in
Fig. 3(b), which has a ring-shaped protrusion 7 contoured 20 to the
annul ar groove 4. The ring-shaped protrusrdﬁ97.|s provi ded to have a
gi ven gap between the bottom of the hollow cylinder 1d when used as an

ot S 1A 10 G Rl ot Sl
R s L e Ly ST
tool 91 or 90 or other similar tool such as a carbide bit, a
monocrystal or polycrystal natural or synthetic diamond bit, a coated
5 Dbit, or a cermet bit.
While the present invention has been disclosed in terms of
the preferred embodiment in order to facilitate a better
understanding thereof, it should be appreciated that the invention
can be embodied in various wé.ys without departing from the
10 principle of the invention. Therefore, the invention should be
understood to include all possible embodiments and modification to
the shown embodiments which can be embodied without departing
from the principle .of the invention as set forth in the appended
claims.
15 The above embodiments refer to the press processes for
forming an upper cylinder for use in a rotary head drum, however,
- the present invention may be used to form a cylinder for a rotary
drum of a digital audio tape recorder, a DVC cyiinder, or a motor

hub.



corner the corner of the hollow cylinder 1c (i.e., the ring]{JHPSHEET HAS BEEN
protrusion 7) after being deforned al ong the annul ar groove 4: Tf’ﬂEPLACED

punch 34 has forned in its bottoma recess 200, as shown i n“+g
defined by a tapered surface 5 which has an inclination of [err] (25[err]
to 5 35[err], preferably, 30) relative to the bottom of the hollow
cylinder 1c. An end of the tapered s@®@ace 5 is roumﬂgghegmgggem la‘g&e
ring-shaped protrusion 7 is fornmed with plastic defornatlo
peri pheral portion- of the bottom of the hollow cylinder 1m,luﬂm u”'“llL
t aper ed surfaqm.% of the punch 34. 1 0
hol | ow cyl i nde | s as s%yvmqsi n Fig. 4(a), pl aced on a cylindrical
press die 3d which has formed in its central portion of an upper
surface a cylindrical recess 2d having a di aneter of 25mm and a depth
of 10mm The Mol I oW endtlivdof bbehfdciafing a héBoR Cylbiadr Bt BHdIAYI N0 @
di aneter of 20mminto the recess 1 n stretching press to 1Torma
hol | ow cyl i ndeonhprisirsg thevsteps of: g 4(b).,, having fornmed in a central
portion of the bottomthereof a

pressing a single circular plate using a first punch to form a

- hollow cylinder with a bottom;
thrusting an end of a side wall of the hollow cylinder in a
direction substantially parallel to the side wall using a second punch
so as to have given shape and given thickness of the side wall; and
10 machining an outer surface of the side wall of the hollow
cylinder so as to have a given surface roughness and a given

roundness.

2. A method as set forth in claim 1, further comprising the step
15  of stretching pressing a central portion of the bottom of the hollow

cylinder member to form a recess projecting inward of the hollow

cylindrical member coaxially with the side wall of the hollow

cylinder.

20 3. A method as set forth in claim 2, further comprising the step
of pressing the bottom of the hollow cylinder to form an annular
protrusion on the corner of the bottom and the step of machining a

groove traversing a portion of the annular protrusion.

25 4. A method of manufacturing a bottomed hollow cylinder used

as a rotary head drum comprising the steps of:

* [ L M S *



cylindrical recess (i.€., a hub) 8 contoured to the recess ZdTg%‘s %%ET HAS BEEN
press die 3d. An inner dianeter of the cylindrical recess 8 w _

approxi matel y 20. ’HﬂlﬁhbenHﬁs:lBe@rrm laged Subsequently, the hoI | ow
cylinder le is, 5(a), fitted into the cylindrical
recess Zcforrred | ewhich Is identical wth the one
shown in Fig. 3( ) ress e 3e has "21-formed in the cylindrical
recess 2c a pair of curved grooves 2e each * having a width of 10mm and
a length of 25nm The curved grooves 25 2e are forned with a quarter of a
circle and dianmetri é\éélh %lé cuculatxogfﬁiéhlsﬁ geé’. fidst '%drﬁﬂ'?%tfoi'ﬁl hhe
center 0 of the cy ndr| cal c. The bottom of the holl ow

-ql/l |2E1der le i hoﬂleymmfi} Wit!tpatlb@ttom
thrusting an end of a side wall of the hollow cylinder in a
direction substantially parallel to the side wall using a second punch
5 so as to have a given thickness throughout the side wall; and
machining an outer surface of the side wall of the hollow

cylinder so as to have a given surface roughness and a given

roundness.

10 b5 A method as set forth in claim 4, further comprising the step
of stretching pressing a central portion of the bottom of the hollow
cylinder member to form a cylindrical recess projecting inward of
the hollow cylindrical member coaxially with the side wall of the
hollow cylinder for mounting a support shaft of the rotary head

15 drum.

6. A method as set forth in claim 5, further comprising the step
of thrusting the end of the side wall of the hollow cylinder to form
an annular protrusion on the corner of the bottom and the step of
20 machining a grodve traversing a portion of the annular protrusion
for exposing a magnetic head outside of the side wall of the hollow
cylinder when the magnetic head is mounted on the bottom of the

hollow cylinder.

25 7. A method as set forth in claim 5, further comprising the step |

of pressing the bottom of the hollow cylinder to form protrusions on

* [ L M s * .




- : . THIS SHEEY HAS BEEN
cirved grooves_2e using a punch 61 to.forma 'hollow cylinder| 1f, agpaCED

shown in Figs. 5(b) and 10, having forned on its bottom curvid

protrusions 9 cdhisShaeﬂﬁhsBeentReE\atsmrved grooves 2e, serving as nount i ng
basses for rot ary[] rm The curved protrusions 9 5 —are arranged
around the cylind . In other words, the cylindrical
recess 8 is forne e Vicl n|ty of the- gl?r'ved protrusions 9. This
is because it is de5| rabl e-that the inner di aneter of the cylindrical
recess 8 be as Iarge as possible for establishing stability of

relative motl @R GhterSuffie MTtheottBAPISr fouiABth e tEie Rl bnlg 41 ed

into the cylindrical recess to mnim ze
rotary head rggtary transformeir_he punch 61 has, as shovvn in Fig. 5(a), forned
on its bottom a pair of curved protrusions 6le each of which is
defined by a quarter of a circle having a width of 10mm and a | ength
of 25 1 5 and which are dianetrically opposed to each other across the
center line L8t her Aomethiod asrset fofth¢halatmot, sthereirhéheanaichdning stepr ved
protrusions 6le the bottom of the hollow cylinder le into t he curved g
grooves 2& t omachinesethriouter sucfacesobilse Gide wall of the Boﬂeuqnyhndyr t he
hol | ow cylinder 1f is, as shown in Fig. 6(a),

using a cutting tool provided with a diamond tip which has a rake

face defined by a plane in a crystal lattice of diamond of the tip

having a Miller indices of 110 and which has a flank defined by a

plane in the crystal lattice of the diamond having a Miller indices of

10 112.

9. A method as set forth in claim 5, further comprising the step
of machining an inner surface of the cylindrical recess formed in
the bottom of the hollow cylinder using a cutting tool whose tool

15 angle is an obtuse angle greater than 45°.

10. A method as set forth in claim 5, further comprising the step
of smoothing an inner surface of a bottom of the cylindrical recess
formed in the bottom of the hollow cylinder to form a reference

20 level for machining other portions of the hollow cylinder.

11. A method as set forth in claim 6, further comprising the step
of chamfering corners of portions of the hollow cylinder to be
machined so as to have given heights from the reference level.

25

12. A method as set forth in claim 4, wherein said single circular

* [ L M s *



S _ N ' _ . THIS SHEET HAS BEEN
20 fitted into the cylindrical recess 2c forned in a press (di e 3RePFAGED
6(a) shows a cross section of the hollow cylinder 1f as Vi eWegdioRhmt———————
di.rection perpendicular to the one shown in Fig. 5(a). The press di e

3f has forned in the cylindrical recess 2c a pair of rectangular

recesses 2f each having a wdth of 8nmm and a | ength of 10141 shéék Has BeenRe laced
dianetrically opposed to each other with I’é’S‘%éCt to the: ce

the .cylindrical recess 2c. The bottom of the holl ow cyI i nd ﬂ!ﬂﬂ

then forced into the rectangul ar recesses 2f using a punch

-1 3- plate haBad thieleyeds PR, Hign B AN 0N FI gs. 6(b) and 10,

havi ng

13. A product of the process as set forth in claim 1.

5 14. A product of the process as set forth in claim 4.

* C L L} S *



formed on its bottomrectangul ar protrusions 10 contoured to the
rect angul ar recesses 2f. The punch 62 has, as shown in Fig. 6(a),
formed on its bottoma pair of rectangul ar protrusions 62f which are 5

diametrically opposed to each other across the center line L and each
of which has a width of 8nmand a |length of 10mm The punch 62 deforns
or stretches at the rectangul ar _protrusi ond 4e2f the bottom of the

hol | ow cyl i ndéBSTRAGE PR ik LUSGhGSVRE 1 ecesses 2f to formthe

rectangul ar pTOILRIODPMINVENTIEAE METHOD OFR MANUEACTURINGBOTTOMEDS 10
serves as a nounting base for a HEUDOW CYIANDER USING A PRERBseaded hol es 12
for nmounting the rotary transforners and the magneti c heads and a
center hole 13 for supporting a drum shaft, as shown in Fig. 11, are
fornmed at preselected |ocations of the hol | ow cyl i nder 1g. The hol | ow

cylinder 1g is theA sitnwfEictdring mefholeiat ptovidedeior farthihigna Hollewehi ned
into a desired shape. The threaded holes 12 are comonly forned by
spotting hol esylinder ith a bottemkwhirlamiay dppemplofredhinl retarydeeadtr , they
may alternatively be formed in another manner. - Prior to the
machi ni ng5of dmemsPf saagpetiadecordingeandsraproduation syaterns siechmashi ned,

for exanple, the threaded holes 12 and an
video tape recorders and digital audio tape recorders.

The manufacturing method includes pressing a single circular
plate to form the hollow cyiinder. thrusting an end of a side wall of
the hollow cylinder in a direction substantially parallel to the side

10 wall in a press die so as to adjust the thickness of the side wall to be
uniform, and machining an outer surface of the side wall of the
hollow cylinder so as to have a given surface roughness and a given

roundness.

Figure 7(a).

R

heet Has Been Reraced
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upper edge of each of grooves or openings 11 of the ring-shaped
protrusion 7 may be chanfered, as shown in Figs. 16(a), 16(b), and 17,
for avoiding formation of burrs due to the nachining. The openi ngs 11
dare formed, as clearly shown in Fig. 11, so as to 2 5 traverse the
ring-shaped protrusion 7 for partial hyjgxposing the magneti c heads
outward when nounted on the rectangular

-1 4- protrusions 10 of the hollow cylinder 1g. It is desirable

t hat the chanfered surface 12a be at an angle from45[err], as shown
in Fig. 16(a), to 37.5[err], as shown in Fig. 16(b), to the center
line Qof the

N~ —°
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threaded hole 12. It is also desirable that the chanfered surface 7b 5
have a length of 0.2mmto 0. 3mm and be inclined at approxi mately
45[err] to an upper surface 7a of the ring-shaped protrusion 7.

Corners of upper surfaces of the curved protrusions 9 and the
rectangul ar protrusions 10 may al so lgy1ghanfered when they are

machined. 1 0 The machi ning of the hollow cylinder 1g invol ves

roundi ng a side wall of the hollow cylinder 1g so as to have a desired

surface roughness, snoothing an inner surface 8a of the bottomwall of
_ the cylindrical recess 8, as shown in Figs. 11 and 12, to define a

reference | evel perpendicular to the central axis of the hollomll 5
cylinder I g, machining and snoot hi ng upper surfaces of the curved

protrusions 9 and the rectangul ar protrusions 10 to given heights from
the reference level, i.e N a (e.g., machining the upper
surfaces of the rectangu if used as the magneti c
head nmounti ng base Up -L0['Q nmto 10nv1and 2 0 the upper
surfaces of the curved p ¥ . $sed as'the rotary ‘transf orner
nmounting base up to_a height &t111nn1to 13mm) ,- formng the
openings 11 in allcgfpr wth t/he rec gul Jar p }
¢ t\A NS NN
1c// -
v 4 7 /’_ 4
-
3c/ \
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protrusions 10 as clearly shown in Figs. 11 and 12. The above
machi ning of the hollow cylinder 1g may be perfornmed using a 25 cutting

tool 90 or 91 as shown in Figs. 14 and 15 with the outer side wall of
the cylindrical recess 8 clanped and rotated by a three-

-1 5- jaw chuck or a four-javwggmick. The openings 11 may
alternatively be formed simultaneously with the press to formthe

ri ng- shaped protrusion 7. After the hollow cylinder 1g is

finish machined, the nagnetic 5 heads and the rotary transforners are
nount ed on the rectangul ar :

FIG.50) F1G. 50

L

2 | 62

”\\9

FlG.4@) FIG. 4Cb)



protrusions.10 and the curved protrusi.ons 9, respectively. The hol | ow

cylinder Ig is then nounted on the drum shaft in engagenent of the
reference level, i.e., inner surface 8a of the cylindrical recess 8
with the top of the drumshaft having a discror 1 0 flange.

Two or nore dowels, as shown in Fig. J233may be fornmed on t he upper
surface of the hollow cylinder | g around the center hole 13 as a guide
pl ane for jigs for machining the rectangul ar protrusions 10. The
dowel s may be fornmed, as shown in Figs. 13(a) 1 5 and 13(b), by half

bl anki ng or dramnnq32 First Nbdlfication

I nstead of the two t ru tlngbpreékbprocesses asIsho in 2(a)
and 3(a), a singlet é}lngrpresﬁ as di scussgd be%ﬁ y be

performed to \e tH pf the 2 0

on 7
I formefd by the

'cal esess *-Ublthe
e

hol I ow cyl i nde
si mul t aneousl! yj\
drawing in Fig
press die 3c as s

102
FIG. 7¢)
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Fi'g. 18. Next, the hollow cylinder Ib is firmy held by a punch 3325

made of a cylindrical nmenber which has the sane dianeter of that of

t he punch 6 and which is rounded at a peripheral corner thereof.

-1 6- The end of the side wall of the hollow cylinder | b held by the
punch 33 is then thrusted usingsgApgannul ar punch 4 downward, as

vi ewed I n the draw ng, ‘press the side vertically against -
t he bottom 102 of the press die , thereby fng the thickness of

the 5 side wall 101 3Ad thelb m102 uniform an@’tp force the corner
or peripheral portion §f the hottom 102 into the arngl ar groove 4 of

the press die 3c t‘u_% t\pe rin sha}s\d p\\tru | O llcontoureth:o
2 V
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t e annul ar groove 4. This fornms the same cylinder as the hol | ow
cylinder 1d as shown in Figs. 3(a) and 3(b). 10

Second Modi fication I nstead of the nmanufacturing process, as
discussed in Fig. 5, to formthe hollow cylinder 1f or the stretching
process to formthe ri ng- shaped gﬂihrusion 9 in the above first
nodi fi cation, the backwar d extrusi may be used. For exanple, the
hollow cylinder 1 5 le is, as shown in Fig. 19(a), disposed on a press die
30e havi ng formed therein a pair of curved grooves 20e each having a
wi dt h of | Omm and a |l ength of 25nm The curved grooves 20e are forned

wth a quarter of a circle and dianetrically opposed to each ot her

with respect to the center of the press die 30e. The bottom of the 20

hol l ow cylinder le-is then forced into the curved grooves 20e using a
punch 35 to formthe hollow cylinder lf—~as shown in_Eig. 9(b), havi ng
formed on its bottom curved protrusi ¢r ’; ;"acl i nner wal
contoured to an outer wall of the pum 4¢a ,j?'. wal | cont our ed
to an inner wall of the curved groovég2067/4

smal l er in depth than the curved grodlsf
have, for exanple, a depth of_2nmt o lZ/h




-r - The punch 35 has an end simlar in shape to the curved

protrusi ons 6le of the punch 61 as shown in Fig. 5(a). The press die
3Qe i ncludes a stripper plate 36 which strips the hollow cylinder 1f
free of the punch 35 when the punch 35 is lifted up after the
backward 5 extrusion. The backward exijgygsion elimnates the need for

hol di ng : the hollow cylinder | e agalnst the press die 30e through the
punch 35, thus preventing portions of -the hollow cylinder 13 to be

extruded (i.e., the curved protrusions 9) fromrupturing.
Third Mdification

FIG. 1/



10 I nstead of the process to nmachine the hollow cylinder 1g after

the press, as discussed in Fig. 6, or in the first or second

modi fication, the hollow cylinder | g may be machined with the

cylindrical recess 8 held and rotated by a di aphragmtype chuck 80 as
shown in Fig. 20. The diaphragmtype gygk 80 includes a 1 5 diaphragm 81
provi ded at an end of a hollow cylinder and three or nore, e.g., eight
j aws 83 di sposed on the diaphragm 81 around the center of thereof at
regul ar intervals. The novenent of the diaphragm 81 in a direction as
i ndicated by an arrow by air pressure causes the jaws 83 to be shifted
innard to clanp the periphery of 2 0 thq cylindrical recess 8 of the

hol | ow cyl i nder 1g securely. The hel | ow cylinder | g clanped by the
chuck 80 is then rotated. The outer si de M@II Gu and the outer bottom
wal | 102 of the holl ow el side and bottomwal | s
of the cylindrical cutting tool 90, as
shown in Fig. 14, or 25 ﬁ Fig. 15. It is
advi sabl e t hat theE [ é)cyllndrlcal
recess 8 be machin 9

F/G.B(a) FlG. 13(5)



-1 8- from an opening end toward the bottomthereof. Since the

t hi ckness of the corner between the bottom and the side wall of the
cylindrical recess 8 is greater than that of other portions, a |arge

amount of material nust be renoved, which may cause, for exanple, 5 atip
901 of the cutting tool 90 to be brokepisln order to increase a

service life of the cutting tool 90, it is desirable that the tool angle O
of the tip 901 be an obtuse angle greater than 45 err], preferably, 60[err]

to 75[err]. It is also desirable that the cutting tool 91, as shown
in Fig. 15, . havi ng a natural or synthetic dianond-nmade tip 911 be
used. The 10 tip 911 has a rake face 91l1la defined by a plane in a crystal
| attice of @ anond of Wh@itip having a M| +Heh-ces of (110) and

has a fl ank \

- o]

FlG. 1t



9F I b defined by a plane in the crystal lattice of the dianond havi ng

a MIller indices of (112). The (112) plane has a hi gher hardness. The
increase in service |life of the cutting tool 91 is thus achieved by 1 5
using the (112) plane as the flank 911b. In Fig. 15, P indicates a

pl ane perpendicular to a surface to b 0f¥§ished.

Fourth Modification I nstead of the process to nmachine the hol | ow
cylinder I g after the press, as discussed in Fig. 6, or in the first,
second, or third 2 0 nodification, the outer wall of the bottom of the
cylindrical recess 8 may be machined prior to machining the side wall
101 of the holl ow cylinder 1g and the inner wall of the cylindrical
recess 8. First, the side wall 101 of the hollow cylinder Ig is, as
shown in Fig. 21, clanped with a weak force using three or nore, e.g.
eight jaws 830 25 of a diaphragmtype chuck (not shown) simlar to the one
shown in Fig. 20. The inner peripheral surface of the side wall 101,
t he i nner 120 ° 120 o

90" . a | 75° ,q

12
FIG.16(o) FIlG. 16¢5)

A £°

FIG. /7



-1 9- surface of the bottom 102, and the side surface and the bottom
surface of the cylindrical recess 8 are nmachined using the cutting
tool 91 or 90 or other similar tool such as a carbide bit, a

ywonocrystal or pol ycrystal natural or synt heti c di anond bit, a coated 5
bit, or a cernet bit.

? he present invention has been
di sclosed in terns of t he prefer enbodinent in order to facilitate
a better understanding thereof, it should be appreciated that the
i nvention can be enbodied in various ways wi thout departing fromthe 1
0O principle of the invention. Therefore, the invention should be
understood to include all possible enbodi nents and nodification to t he
shown enbodi nents whi ch can be enbodi ed wi thout departing fromthe
principle of the invention as set forth.ki\ihe appended cl ai nms.
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15 | The above enbodi nents refer to the press processes for
form ng an upper cylinder for use in a rotary head drum however, t he
drum of

i nvention may be used to forma cylinder for a rotary
hub.

present
a DVC cylinder, or a notor

a digital audio tape recorder,
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- 20- WHAT IS CLAIMED I S: 1. A nethod of manufacturing a

bott oned hol | ow cyl i nder used

80 S1(90)
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r
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as“a rotary head drum conprising the steps of: 5 pressing a single

circular plate using a first punch to forma hol | ow cylinder with a

bat t om thrusting an end of a side wall of the hollow cylinder

in a direction substantially parallel to the side wall using a second

punch so as to have a given thigg§pess throughout the side wall; and 1
0 machi ni ng an outer surface of the side wall of the holl ow

cylinder so as to have a given surface roughness and a gi ven

roundness. 2. A nethod as set forth in claim1, further conprising

the step 1 5 of stretching pressing a central portion of the bottom of the
hol | ow

830
u




_ . ) 71006[O—

"cylinder nmenber to forma cylindrical recess projecting inward of { POs's Latpp
hol | ow cylindrical nmenber coaxially with the side wall of the hoI | ow
cylinder for mounting a support shaft of the rotary head

dr um -
3. A nmethod as set forth in claim2, furthSubstpeishesy t‘r%Aé-lQéﬁt"gge of

thrusting the end of the side wall of the hgllow cylinder to form an
annul ar protrusion on the corner of the botfom and the step of

machi ning a groove traversing a portion of the annular protrusion 2 5 for
exposi ng a magnetic head outside of the side wal'l of the holl ow

cyl i nder whenrédeiresgndarge aendiitsofmsadttaing drha larg¢ amotnt lof time for
shaping. Within an object die-casted, porosity or cavities may form
and appear at a surface of the object after being cut into a final
shape, resulting in a defective product. Even if the cavities do not
5 appear at the surface of the object, they may result in rotational
unbalance of, for example, a rotary head drum needed to be rotated
with high accuracy. An unbalance-correcting operation thus
becomes necessary.
The above problems involved in die-casting is not encountered
10 in making a rotary head drum of a single metal plate in press
working as taught in the above publication. This press working,
however, simultaneously performs three steps of extending the
periphery of a disc plate vertically, making the center thereof
hollow, forming mounting holes for rotary heads and a rotational
15 shaft, which may result in stress on the finished cylinder, leading to
the fracture ultimately. The circularity of a side wall of the cylinder
is usually low, causing the center of gravity of the rota.ry head drum
to be shifted from the center of rotation, resulting in rotational
shake of the rotary head drum. It is also difficult for the press
20. working to provide a machining allowance to the side wall of the
cylinder. '
SUMMARY OF THE INVENTION
It is therefore a principal object of the present invention to
avoid the disadvantages of the prior art.
25
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hol | ow cyi i nder . -21 -
4. A nmethod as set forth in claim2, further conprising the step of

pressing the bottom of the hollow cylinder to form protrusi gné oN 1 an
outer surface of the bottomfor mounting a roupsiitiite shaet nid Audust 1988,

transf or ner. 5
-3-

According to the present invention, there is
provided a method of manufacturing a bottomed hollow cylinder

used as a rotary head drum comprising the steps of: (a) pressing a

single circular plate using a first punch to form a hollow cylinder
5 with a bottom; (b) thrusting an end of a side wall of the hollow

cylinder in a direction substantially paraliel to the side wall using a

{ REPLAGEMENT SHEET

14 AUG 1998




‘5. A method as set. forth in claim1, wherein the machining step
machi nes the outer surface of the side wall of the hollow cylinder

using a cutting tool provided with a dianond_tip which has a rake
face defined by a plane in a crystal |atticeSybstiuigsheesr 13August 1998

having a M1l er
plane in the crystal lattice of the dianond having a Mglel gfr g sasﬁrof‘

112. 6.
step 15 of maghin I pne rface of the cylihdrigal recess florjmed
I n t he bottmlngﬁze ]Yr}va 251 I nder using a cuttl;ng%*t 6{3“3 %%%se tjool
angle is an obtuse angle greater than 45[err]. i

forth in claim2, further conprising the step

10

15

20

25

indi ces of 110 and which has mpfplank . defined by a_

A method as set forth in claim2, further—conpri-stng it he

A _nethod._as Iset

1. A method of manufacturing a bottomed hollow cylinder used
as a rotary head drum comprising the steps of:

pressing a single circular plate using a first punch to form a
hollow cylinder with a bottom:;

thrusting an end of a side wall of the hollow cylinder in a
direction substantially parallel to the side wall using a second punch
SO as to have a given thickness throughout the side wall; and

machining an outer surface of the side wall of the hollow
cylinder s as to have a given surface roughness and a given

roundness.

2. A method as set forth in claim 1, further comprising the step
of stretching pressing a central portion of the bottom of the hollow
cylinder member to form a cylindrical recess projecting inward of
the hollow cylindrical member coaxially with the side wall of the
hollow cylinder for mounting a support shaft of the rotary head
drum.

3. A method as set forth in claim 2, further comprising the step
of thrusting the end of the side wall of the hollow cylinder to form

- an annular protrusion on the corner of the bottom and the step of

machining a groove traversing a portion of the annular protrusion
for exposing a magnetic head outside of the side wall of the hollow
cylinder when the magnetic head is mouhted on the bottom of the

hollow cylinder.

I



'_'-;';2 0 of smoothing an i STTTACGE, Olep bottom of the cylindrical recess
formed in the bottom o REI%A(%\WQ_ 20Tilder to forma reference | evel
for machining other po t]mt he hal Ifow cyl i nder. . 8. A et hod
as set forth in claim$, |fug G 998pr] sj ng t IBulsstitnte shedf - 483A0LGLENT98
corners of portions of {the hollow cylihder to be machi ned so as to
have gi ven heights frogt eyel-21-
Substitute sheet - 13 August 1998 -22-
4. A method as set forth in claim 2, further comprising the step

of pressing the bottom of the hollow.cylinder to form protrusions on
an outer surface of the bottom for mounting a magnetic head and a

rotary transformer.

5. A method as set forth in claim 1, whérein the machining step
machines the outer surface of the side wall of the hollow cylinder
using a cutting tool provided with a diamond tip which has a rake
face defined by a plane in a crystal lattice of diamond of the tip

10 having a Miller indices of 110 and which has a flank defined by a
plane in the crystal lattice of the diamond having a Miller indices of
112.

6. A method as set forth in claim 2, further comprising the step

15 of machining an inner surface of the cylindrical recess formed_m
the bottom of the hollow cylinder using a cutting tool whose tool
angle is an obtuse angle greater than 45°.

7. A method as set forth in claim 2, further comprising the step
20 of smoothing an inner surface of a bottom of the cylindrical recess
formed in the bottom of the hollow cylinder to form a reference

level for machining other portions of the hollow cylinder.

8. A method as set forth in claim 3, further comprising the step
25 of chamfering comners of portions of the hollow cylinder to be

machined so as to have given heights from the reference level.

* c L M S * )



A method as set forth in claim1l1, wherein said sihgle circul ar

9.’
pl ate has a thickness of 2.5nm or nore. 5 10. A product of the
process as set forth in claim1. L

Substitute sheet - 13 August 1998

-22-

9. A method as set forth in claim 1, wherein said single circular

plate has a thickness of 2.5mm or more.

5 10. A product of the process as set forth in claim 1.
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ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: METHOD OF MANUFACTURING BOTTOMED
HOLLOW CYLINDER USING A PRESS

.A manufacturing method is provided for forming a hollow
cylinder with a bottom which may be employed in rotary head
drums of inagnetic recording and reproduction systems such as
video tape recorders and digital audio tape recorders.

The manufacturing method includes pressing a single circular
plate to form the hollow cylinder, thrusting an end of a side wall of
the hollow cylinder in a direction substantially parallel to the side
wall in a press die so as to adjust the thickness of the side wall to be
uniform, and machining an outer surface of the side wall of the
hollow cylinder so as to have a given surface roughness and a given

roundness.

Figure 7(a).
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