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(54) WORK ROLL FOR ROLLING DEVICE

(57) A work roll for use in rolling apparatus for pro-
ducing from a metal blank sheet articles having a de-
formed cross section and comprising, for example, a
plate portion, and a plurality of upright walls formed on
one surface of the plate portion integrally therewith and
arranged as spaced apart from one another, such as flat
heat exchange tube component members, heat sinks
and lead frames. The work roll assures more simplified
production work and provides surface finishes with high-
er accuracy than conventionally. The work roll compris-
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es different kinds of disks having different diameters and
arranged alternately on an axis into juxtaposed layers
as secured to one another. Large disks 20A, 20B, are
arranged at respective portions not forming the upright
walls, and small disks 21A, 21B smaller than the large
disks 20A, 20B in radius by an amount corresponding
to the height of the upright walls are arranged at respec-
tive portions for forming the upright walls. Each of the
disks 20A, 20B, 21A, 21B has an outer peripheral sur-
face serving as a working surface.
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Description
TECHNICAL FIELD

[0001] The present invention relates to work rolls for
use in rolling apparatus for producing articles of de-
formed cross section, such as flat heat exchange tube
component members, heat sinks and lead frames, from
a metal blank sheet.

BACKGROUND ART

[0002] For example, component members of flat heat
exchange tubes which comprise a flat plate portion and
a plurality of upright walls formed on one surface of the
plate portion integrally therewith and arranged as
spaced apart from one another are produced by passing
a metal blank sheet through a rolling apparatus wherein
one of work rolls has a plurality of upright wall shaping
annular grooves formed in the peripheral surface of the
roll over the entire circumference thereof as is already
known (see JP-A No. 182928/1997).

[0003] Conventionally used as such awork roll for roll-
ing apparatus is one comprising a hollow cylindrical
body which is integrally formed in its entirety and has a
plurality of upright wall shaping annular grooves formed
in its outer peripheral surface. The annular grooves are
formed by subjecting the outer peripheral surface of the
integrally formed cylindrical body to cutting, grinding and
electrical discharge machining operations, and subse-
quently polishing the inner peripheral surfaces of the an-
nular grooved portions to smooth finishes and obtain the
conventional work roll.

[0004] However, the conventional work roll described
has the following problems. In the case where the up-
right walls of the component member to be produced for
the flat heat exchange tube have a small thickness and
a great height, the upright wall shaping annular grooves
have a small width and a great depth, whereas difficul-
ties are then encountered in forming the annular
grooves by cutting, grinding and electrical discharge
machining and also in finishing the inner peripheral sur-
faces of the annular grooved portions by polishing. Ac-
cordingly, the fabrication of the entire work roll requires
cumbersome work, a prolonged period and an in-
creased cost. Moreover, since the inner peripheral sur-
faces defining the annular grooves are difficult to finish
by polishing, the grooved inner peripheral surfaces are
finished with low accuracy, giving an impaired surface
quality to the heat exchange component member ob-
tained. Further if the work roll becomes locally worn or
damaged, there arises a need to produce the entire work
roll anew for replacement, consequently necessitating
a prolonged period of time and an increased cost for the
production and replacement of the work roll.

[0005] Especially in the case where it is required to
form cutouts in the upper edges of the upright walls of
the heat exchange tube component member to be pro-
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duced, there is a need to form cutout shaping projec-
tions on the bottom surfaces of the annular grooved por-
tions of the work roll. This presents difficulties in machin-
ing the grooved portions and finishing the peripheral sur-
faces of the projections, necessitating more cumber-
some work for producing the work roll in its entirety, a
further extended period for the production and a higher
production cost. Additionally, the projection surfaces will
be finished with lower accuracy to give an impaired qual-
ity to the cutout surfaces.

[0006] An object of the present invention is to over-
come the foregoing problems and to provide a work roll
which is easier to make and which is given higher sur-
face finish accuracy than conventionally for use in rolling
apparatus.

DISCLOSURE OF THE INVENTION

[0007] The present invention provides a work roll for
rolling apparatus which comprises different kinds of
disks having different diameters and arranged on an ax-
is into juxtaposed layers as secured to one another, the
disks of each kind being used in a specified number,
each of the disks having an outer peripheral surface
serving as a working surface.

[0008] When thus constructed, the work roll can be
fabricated by making the individual disks, arranging the
disks into juxtaposed layers and securing the disks to
one another. Since the individual disks can be produced
more easily than the conventional work roll, the roll can
be produced within a shortened period of time at a lower
cost. Since the peripheral surfaces of the individual
disks can be finished by polishing easily, the surfaces
can be finished with improved accuracy to give an ex-
cellent surface quality to the product obtained. Further
even if one of the disks becomes locally worn or dam-
aged, the worn or damaged disk only needs to be re-
placed by a corresponding disk which alone is to be pre-
pared anew. This shortens the time required for the re-
placement and results in a reduced cost.

[0009] The work roll of the invention is used in a rolling
apparatus for producing an article having a deformed
cross section and comprising a plate portion, and a plu-
rality of upright walls formed on one of opposite surfaces
of the plate portion integrally therewith and arranged as
spaced apart from one another. In this case, large disks
are arranged at respective portions not forming the up-
right walls, and small disks smaller than the large disks
in radius by an amount corresponding to the height of
the upright walls are arranged at respective portions for
forming the upright walls.

[0010] When the article of deformed cross section to
be produced and comprising a plate portion, and a plu-
rality of upright walls formed on one of opposite surfaces
of the plate portion integrally therewith and arranged as
spaced apart from one another must be formed with cut-
outs in the upper edges of the upright walls, the outer
peripheral surfaces of the small disks are formed with
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projections for shaping the cutouts. To form the projec-
tions, the small disks can be machined more easily than
when the bottom surfaces of the annular grooved por-
tions of the cylindrical body are machined to form the
cutout shaping projections in producing the convention-
al work roll. Moreover, the peripheral surfaces of the pro-
jections can be finished also easily. Accordingly the
work of producing the work roll in its entirety is not very
cumbersome as compared with the case wherein no
projections are formed on the small disks, consequently
necessitating only a slightly longer period for the fabri-
cation of the work roll and a slightly increased production
cost. Since the peripheral surfaces of the projections are
easy to finish, the finished surfaces have improved ac-
curacy to give an excellent quality to the interior surfaces
defining the cutouts.

[0011] The present invention provides a rolling appa-
ratus which comprises a central work roll and a plurality
of planetary work rolls arranged around the central work
roll and spaced apart cicumferentially thereof, at least
one of the central work roll and the planetary work rolls
being one of the work rolls of the invention described.
[0012] The invention further provides a rolling appa-
ratus which comprises two work rolls in a pair, at least
one of the two work rolls being one of the work rolls of
the invention described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram showing a rolling plant for
producing lower component members of flat tubes for
use in heat exchangers, the plant comprising a rolling
apparatus wherein a work roll of the invention is used
as its central roll.

[0014] FIG. 2 is an enlarged view in section taken
along the line lI-1l in FIG. 1.

[0015] FIG. 3 is a front view partly broken away and
showing the central work roll of the rolling apparatus.
[0016] FIG. 4 is a fragmentary enlarged perspective
view showing the central work roll of the rolling appara-
tus, with the peripheral surface of the roll developed in
a plane.

[0017] FIG. 5is an enlarged view partly broken away
and in section taken along the line V-V in FIG. 4.

[0018] FIG. 6is a view in section taken along the line
VI-VIin FIG. 5.
[0019] FIG. 7 is a view in cross section of the heat

exchanger flat tube comprising the lower component
member to be produced by the rolling plant shown in
FIG. 1.

[0020] FIG. 8 is an enlarged view in section taken
along the line VIII-VIII in FIG. 7.

[0021] FIG.9is afragmentary perspective view show-
ing how to combine the lower component member and
an upper component member into the heat exchanger
flat tube.
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BEST MODE OF CARRYING OUT THE INVENTION

[0022] The best mode of carrying out the invention will
be described below with reference to the drawings.
[0023] In the following description, the term "alumi-
num" includes aluminum alloys in addition to pure alu-
minum.

[0024] FIG. 1 shows arolling plantin its entirety which
includes a rolling apparatus comprising a work roll of the
present invention as its central work roll, FIGS. 2 to 6
show the work roll embodying the invention for use in
the rolling apparatus, and FIGS. 7 to 9 show a lower
component member of deformed cross section to be
produced to provide heat exchanger flat tubes.

[0025] FIGS. 7 and 8 show a flat heat exchange tube
50, which comprises flat upper and lower walls 51, 52,
left and right side walls 53, 54 of double structure inter-
connecting the upper and lower walls 51, 52 at the left
and right side edges thereof, respectively, and a plurality
of reinforcing walls 55 interconnecting the upper and
lower walls 51, 52, extending longitudinally of the tube
and spaced apart from one another by a predetermined
distance, as arranged between the opposite side walls
53, 54. The tube has parallel fluid channels 56 in its in-
terior. Between each pair of adjacent reinforcing walls
55, a low ridge 57 extending in the longitudinal direction
for giving an increased heat transfer area is provided in
the form of an upward protrusion on the inner surface of
the lower wall 52 integrally therewith. Communication
holes 58 are formed in the reinforcing walls 55 for hold-
ing the parallel fluid channels 56 in communication with
one another. When seen from above, the communica-
tion holes 58 are in a staggered arrangement. When the
tube has the communication holes 58, fluid portions
flowing through the respective parallel channels 56 flow
widthwise of the heat exchange tube 50 through the
holes 58, spreading over all the fluid channels 56 to be-
come mixed together and eliminating temperature dif-
ferences in the fluid between the channels 56. This re-
sults in an improved heat exchange efficiency.

[0026] The flat heat exchange tube 50 comprises a
lower component member 1 of aluminum providing the
lower wall 52, inner portions 53a, 54a of the opposite
side walls 53, 54 and the reinforcing walls 55; and an
upper component member 8 of aluminum providing the
upper wall 51 and outer portions 53b, 54b of the oppo-
site side walls 53, 54. The lower component member 1
is produced by the rolling apparatus incorporating the
work roll of the invention.

[0027] With reference to FIGS. 7 to 9, the lower com-
ponent member 1 comprises a flat rectangular lower
wall forming portion 2 (plate portion), side wall forming
portions 3 (upright walls) extending upward from re-
spective opposite side edges of the lower wall forming
portion 2 integrally therewith, and a plurality of reinforc-
ing wall forming portions 4 (upright walls) upstanding
from the lower wall forming portion 2 integrally therewith,
spaced apart from one another as arranged between the
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side wall forming portions 3 on the portion 2 and extend-
ing longitudinally of the portion 2. Ridges 57 each in the
form of an upward protrusion are formed on the upper
surface of the lower wall forming portion 2 integrally
therewith. Trapezoidal cutouts 6 are formed in the upper
edges of reinforcing forming walls 4 in a staggered ar-
rangement when seen from above and spaced apart by
a predetermined distance longitudinally thereof. The
lower wall forming portion 2 of the lower component
member 1 is formed with a slope 7 slanting outwardly
upward at each of opposite side edges of its lower sur-
face. The side wall forming portions 3 of the lower com-
ponent member 1 have the same height as the reinforc-
ing wall forming portions 4. The lower component mem-
ber 1 is made from an aluminum brazing sheet having
a brazing material layer (not shown) on its outer surface,
i.e., on the lower surface of the lower wall forming por-
tion 2 and on the outer surfaces of the side wall forming
portions 3.

[0028] The upper component member 8 comprises a
flat rectangular upper wall forming portion 81, and side
wall forming portions 82 extending downward from op-
posite side edges of the upper wall forming portion 81
integrally therewith. The upper component member 8 is
made from an aluminum brazing sheet having a brazing
material layer (not shown) on its opposite surfaces by
roll forming. The upper wall forming portion 81 and the
side wall forming portions 82 have the brazing material
layer (not shown) on their opposite surfaces.

[0029] The flat heat exchange tube 50 is prepared by
fitting the upper component member 8 over the lower
component member 1 as shown in FIG. 9, with their side
wall forming portions 82 lapping over the respective side
wall forming portions 3, inwardly bending the lower ends
of the side wall forming portions 82 into intimate contact
with the slops 7 to temporarily hold the two component
members 1, 8 together and brazing the two component
members 1, 8. The communication holes 58 are formed
by closing the openings of the cutouts 6 in the reinforcing
wall forming portions 4 of the lower component member
1 with the upper wall forming portion 81 of the upper
component member 8.

[0030] With reference to FIG. 1, the rolling plant for
producing the lower component member 1 comprises
an uncoiler 11 having wound up thereon an aluminum
brazing sheet 10 (metal blank sheet) formed with a braz-
ing material layer on one side thereof so that the brazing
material layer is positioned outside, a preliminary rolling
mill 12, a finishing rolling apparatus 13 and transport
rolls 14. The aluminum brazing sheet 10 on the uncoiler
11 is paid out from the uncoiler 11, fed to and passed
through the preliminary rolling mill 12, and thereafter fed
to the rolling apparatus 13 and thereby rolled for finish-
ing, whereby the lower component member 1 is pro-
duced.

[0031] The preliminary rolling mill 12 forms on the alu-
minum brazing sheet 10 ridges corresponding to the
side wall forming portions 3 and the reinforcing wall
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forming portions 4.

[0032] The rolling apparatus 13 comprises a central
work roll 15, a plurality of planetary work rolls 16 ar-
ranged around the central work roll 15 and equidistantly
spaced apart circumferentially of the roll 15, and trape-
zoidal guide shoes 17 arranged between the adjacent
planetary work rolls 16. The central work roll 15 is a work
roll of the invention.

[0033] Withreferenceto FIGS. 2to 6, the central work
roll 15 comprises large and small two kinds of disks 20A,
20B, 21A, 21B arranged alternately on an axis into jux-
taposed layers and clamped between a pair of flanges
22A, 22B at left and right opposite sides of the arrange-
ment and secured to one another. The disks 20A, 20B,
21A, 21B are made from die steel, high-speed tool steel,
cemented carbide or the like. The large disks 20A, 20B
are arranged at the respective portions not forming the
side wall forming portions 3 and the reinforcing wall
forming portions 4 on the lower component member.
The small disks 21A, 21B are arranged at the respective
portions for forming the side wall forming portions 3 and
the reinforcing wall forming portions 4 on the lower com-
ponent member 1. Accordingly, annular grooves 23 for
shaping the side wall forming portions are defined by
the large disks 20A at the left and right ends, the small
disks 21A at the left and right ends and the flanges 22A,
22B. An annular groove 24 for shaping the reinforcing
wall forming portion is defined by each pair of adjacent
large disks 20A, 20B and the small disk 21B therebe-
tween.

[0034] Each ofthe large disks 20B other than the large
disks 20A at the opposite ends is formed in its outer pe-
ripheral surface with a ridge shaping annular recess 25
over the entire circumference thereof. The radius of the
small disks 21A, 21B is smaller than the radius of the
large disks 20A, 20B by an amount corresponding to the
height of the side wall forming portions 3 and the rein-
forcing wall forming portions 4. The small disks 21B oth-
er than the small disk 20A at the opposite ends are each
formed in the outer peripheral surface thereof with a plu-
rality of cutout shaping projections 26 arranged at a
spacing circumferentially thereof. Since the cutouts 6
are in a staggered arrangement, one of the adjacent
small disks 21B has its projections 26 arranged as cir-
cumferentially shifted from those of the other.

[0035] Opposite surfaces of the disks 20A, 20B, 21A,
21B and the surfaces of the flanges 22A, 22B axially
inward of the work roll 15 are each in the form of a ver-
tical surface, and each pair of adjacent disks 20A, 20B,
21A, 21B, as well as each of the flanges 22A, 22B and
the disk 21A, are in intimate contact with each other. The
outer peripheral portion of each of the large disks 20A,
20B, 21A, 21B projecting radially outward beyond the
projections 26 on the small disk 21B is tapered toward
the outer peripheral edge with a gradually reducing
thickness so as to render the lower component member
1 as formed easily removable from the work roll 15.
[0036] A drive shaft insertion bore (not shown) ex-
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tends through both flanges 22A, 22B, all the large disks
20A, 20B and all the small disks 21A, 21B centrally
thereof. Further a key groove forming cutout (not shown)
is formed in a portion of the inner periphery of each of
the flanges 22A, 22B, the large disks 20A, 20B and the
small disks 21A, 21B which defines the shaft insertion
bore. A plurality of boltinsertion bores 27 extend through
the left flange 22A, all the large disks 20A, 20B and all
the small disks 21A, 21B and are arranged on the cir-
cumference of a portion of each of these disks around
the shaft insertion bore and spaced apart circumferen-
tially. A plurality of internally threaded bores 28 are
formed in the right flange 22B on the circumference of
a portion thereof around the shaft insertion bore and
spaced apart circumferentially. The bolt insertion bores
in all the large disks 20A, 20B and all the small disks
21A, 21B are not shown. Bolts 29 inserted through the
bores 27 in the left flange 22A, all the large disks 20A,
20B and all the small disks 21A, 21B from the left side
are screwed at their threaded ends into the respective
threaded bores 28 in the right flange 22B, whereby all
the large disks 20A, 20B and all the small disks 21A,
21B are secured to one another as clamped between
the two flanges 22A, 22B.

[0037] The large disks 20A, 20B and the small disks
21A at the opposite ends are prepared in the following
manner. Metal plates of die steel, high-speed tool steel,
cemented carbide or the like are machined by blanking
or lathing to obtain disks having specified outside diam-
eters and a drive shaft insertion bore. Each disk is then
heat-treated and worked by electrical discharge wire
cutting to shape a key groove forming cutout in the bored
portion and shape bolt insertion bores. Subsequently,
the inner periphery of the disk defining the drive shaft
bore is finished by a jig grinding machine. The disk is
thereafter finished over opposite surfaces by surface
polishing and has its outer peripheral surface finished
by cylindrical polishing. Each of the disks for the large
disks 20A, 20B is then slightly tapered by profile grinding
at its outer peripheral portion. Each of the disks for the
large disks 20B other than the large disks 20A at the
opposite ends is worked on its outer peripheral surface
by profile grinding to form a ridge shaping annular re-
cess 25. In this way, the large disks 20A, 20B and the
small disks 21A at the opposite ends are produced.
[0038] The small disks 21B other than the small end
disks 21A are produced in the following manner. A metal
plate of die steel, high-speed tool steel, cemented car-
bide or the like is machined by blanking to obtain disks
having a specified outside diameter and a drive shaft
insertion bore. These disks are greater in radius than
the disks blanked out for preparing the small end disks
21A by an amount corresponding to the height of the
cutout shaping projections 26. The subsequent se-
quence of steps up to the finishing work by surface pol-
ishing and cylindrical polishing is the same as is the case
with the preparation of the large disks 20A, 20B and the
small end disks 21A. The recessed portions to be
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present between the adjacent cutout shaping projec-
tions 26 are then formed. Finally the inner faces of the
recessed portions are finished by polishing. In this way,
the small disks 21B are produced.

[0039] Although each small end disk 21A and the
large end disk 20A are separate members according to
the construction described, the outer periphery of the
small end disk 21A has no cutout shaping projections
and is in the form of a cylindrical face, so that the small
end disk may be made integral with the large end disk
20A.

[0040] As shown in FIG. 2, the peripheral surface of
the planetary work roll 16 has a slope shaping portion
30 formed at each of its axial opposite ends and having
a diameter increasing axially outward. The planetary
work rolls 16 are coupled to the central work roll 15 by
unillustrated gear means, such that the rotation of the
central work roll 15 rotates all the planetary work rolls
16 at the same peripheral speed as the central work roll
15. Incidentally, each planetary work roll 16 may be pro-
vided with drive means for rotating the work roll 16 at
the same peripheral speed as the central work roll 15.

[0041] When an aluminum brazing sheet 10 is contin-
uously passed between the central work roll 15 and all
the planetary work rolls 16, the grooves 23, 24, the an-
nular recesses 25 and the projections 26 of the central
work roll 15, and the slope shaping portions 30 of the
planetary work rolls 16 are completely transferred to the
aluminum brazing sheet 10, whereby the lower compo-
nent member 1 having the desired configuration and as
shown in FIGS. 7 to 9 is shaped.

[0042] The work roll of the invention is used as the
central work roll 15 according to the foregoing embodi-
ment, whereas work rolls of the invention may alterna-
tively be used as planetary work rolls 16.

[0043] Further according to the embodiment de-
scribed, the article of deformed cross section to be pro-
duced is a lower component member which has upright
walls on only one surface of a plate portion for use in
flat heat exchangers, so that the annular grooves 23, 24
for shaping the upright walls are formed only in the cen-
tral work roll. However, in the case where the article of
deformed cross section to be produced has upright walls
on both surfaces of a plate portion, the planetary work
rolls 16 may also be formed with annular grooves for
shaping upright walls. In this case, work rolls of the in-
vention are used as the planetary work rolls 16.

[0044] Further according to the embodiment de-
scribed, a so-called satellite rolling apparatus compris-
ing a central work roll and a plurality of planetary work
rolls arranged around the central work roll has incorpo-
rated therein the work roll of the invention for use as the
central work roll, whereas the work roll of the invention
is usable also for usual rolling apparatus which comprise
two work rolls in a pair to serve as the work roll. In the
case where the article of deformed cross section to be
produced has upright walls on only one side, the work
roll of the invention formed with annular grooves for
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forming the upright walls is used as one of the pair of
work rolls. In the case where the article of deformed
cross section to be produced has upright walls on both
sides thereof, work rolls of the invention each having an-
nular grooves for shaping the upright walls are used as
the respective work rolls of the pair.

INDUSTRIAL APPLICABILITY

[0045] As described above, the work roll of the
present invention for rolling apparatus is suitable as a
work roll for use in rolling apparatus for producing arti-
cles of deformed cross section, such as flat heat ex-
change tube component members, heat sinks and lead
frames, from a metal blank sheet.

Claims

1. Aworkroll for rolling apparatus which comprises dif-
ferent kinds of disks having different diameters and
arranged on an axis into juxtaposed layers as se-
cured to one another, the disks of each kind being
used in a specified number, each of the disks having
an outer peripheral surface serving as a working
surface.

2. A work roll for rolling apparatus according to claim
1 which is a work roll for use in a rolling apparatus
for producing an article having a deformed cross
section and comprising a plate portion, and a plu-
rality of upright walls formed on at least one of op-
posite surfaces of the plate portion integrally there-
with and arranged as spaced apart from one anoth-
er.

3. A work roll for rolling apparatus according to claim
2 wherein large disks are arranged at respective
portions not forming the upright walls, and small
disks smaller than the large disks in radius by an
amount corresponding to the height of the upright
walls are arranged at respective portions for form-
ing the upright walls.

4. A work roll for rolling apparatus according to claim
3 wherein the outer peripheral surface of each of
the small disks is formed with projections for form-
ing cutouts in an upper edge of each upright wall of
the article of deformed cross section to be pro-
duced.

5. A rolling apparatus comprising a central work roll
and a plurality of planetary work rolls arranged
around the central work roll and spaced apart ci-
cumferentially thereof, at least one of the central
work roll and the planetary work rolls being a work
roll according to any one of claims 1 to 4.

10

15

20

25

30

35

40

45

50

55

6. A rolling apparatus comprising two work rolls in a
pair, at least one of the two work rolls being a work
roll according to any one of claims 1 to 4.



EP 1114 681 A1




FIG.2

26 25 24 26

EP 1114 681 A1

w

e 39 N
W«
? A P
XNO

RO




FIG.3

1114 681 A1

27 29

22A

28
—228




EP 1114 681 A1

25 25

psi
/

Q\' \ E
218 '20B 21B ‘20B ‘218 \208B



EP 1114 681 A1

FIG.7
50

51
VI ¢ e574 8176 557 8 3¢,

s 531587 [ /A | ( AN (54

\\\I\\\X\ NAN \l\l\\\)\i\\i\

53~

S | 7
\( ] 56 55 2) 58\5\5 1/ 56 sz.a/'l 82

82 Vil 52

FIG.8

5’1 6 8/

4\\W\\\J\\\\\)\\\\\£
AT L,%U%

////////////J

1



EP 1114 681 A1

FIG.9

12



EP 1114 681 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP99/01596

A CLASSIFICATION OF SUBJECT MATTER
Int.C1® B21B27/02, 13/20

Anvurding to International Patent Classification (IPC) or to both 1

national classification and IPC

viELDS SEARCHED

NE:D

Int.cl®

Minimum documentation searched (classification system followed by classification symbols)

B21B27/02, 13/20, F61C13/00~15/00, B21D53/04

Documentation searched other than minimum documentation to t
Jitsuyo Shinan Koho 1926-1996
Kokai Jitsuyo Shinan Kcho 1971-1999

he extent thal such documents are included in the fields searched
Toroku Jitsuyo Shinan Koho  1994-1999
Jitsuyo Shinan Toroku Koho  1996-1999

Electronic data buse consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catepory® Citation of document, with indication, where approprisle, of the rclevant passages Relevant 1o claim No,
JP, 6~23602, U (Kyoel Steel Ltd.),
29 March, 1994 (29. 03. 94),
X Figs. 1, 2 (Family: none) 1-4, 6
A 5
JP, 53-46262, Y (NKK Corp.),
! 6 November, 1978 (06. 11. 78),
: X Page 2, left column, line 22 to right column, 1, 6
A line 4 ; Fig. 3 (Family: none) 2-5

Further documents are lisled in the continuation of Box C.

D Sece patent family anunex.

¢ Special categories of cited documents: “T"  later document published a{ter the international filing dale or priority
“A”  docuuient defining the general state of the art which is not date end not in conflict with the application but cited to undemstand
cousidered to be of petticular relevance the principle or theory underlying the inveation
“E" earlier document but published on or after the international filing date  “X”  d of porticular relevance; the claimed i cannot be
i"L"  document which may throw doubts on priorily clalm(s) or which is considesed novel or canool be considered o igvolve an inventive siep
; clied 10 exablish the pubtication datc of another citation o other when the document is 1aken alone
| speaisl reason (as specitied) “Y'od of particular re} ; the claimed invention cannot be
0" document referring to an oral disclosure, use, exhibition or other considered to involve an inventive siep whea the document is
neans combined wilh one or more other such d such combination
“P"  dJocument published prior to the intemational filing date but later than being obvious 10 a person skilled In the art
; the pronty dute claiined “&"  document member of the same patent famity
; Uare of tnc sctual completion of the international search Date of mailing of the international search report
H 15 June, 1999 (15. 06. 99) 22 June, 1999 (22. 06. 99)

Nugme and auiling address of the ISA/
Japanese Patent Office

¢ Facsinile No.

Authorized officer

Telephane No.

| Fonun PCT/ISA/210 (second sbeet) (July 1992)

13




	bibliography
	description
	claims
	drawings
	search report

