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EP 0 645 214 A1
@ GRINDING METHOD AND GRINDING SYSTEM FOR BILLET.

@ A grinding method, in which an abrasive material
(6) is ejected from a nozzle (1, 108) onto a billet (3,
W) so as to grind the same, and which is applied fo
a continuous casting step or a step subsequent
thereto, which method is characterized in that abra-
sive material-mixed high-pressure water is applied in
the form of a jet to the surface of a billet so as to
grind a flaw-carrying portion (12, 12', 12", 12"
thereof; and a grinding system for practising this
grinding method, having a supply source (19-20,
103) of a high-pressure liquid and an abrasive ma-
terial, a nozzle (4, 102) connected to the supply
source, and a combination of an abrasive material
recovering unit (104) for recovering as necessary the
abrasive material, which has been used for a grind-
ing operation, and returning the same to the supply
source, and a flaw detecting means (15-16, 101).
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TECHNICAL FIELD

The present invention relates to material sur-
face grinding and, in particular, to a grinding meth-
od and system for grinding defective surface por-
tions of steel products such as slabs, blooms and
billets in continuous casting lines or ingot casting
lines or the like and after-processes following the
same.

BACKGROUND ART

Steel products such as blooms, slabs and bil-
lets, formed by continuous casting or ingot casting
processes, may develop various defects during
their casting. Such defects will lead to a reduction
in product yield and a deterioration in product
quality in after-processes following the casting.

To cope with this problem, such defects are
removed by reconditioning during or after the pro-
duction of steel products such as slabs, blooms or
billets, so that only steel products from which all
defects have been removed are fed to the after-
processes, thereby preventing a reduction in prod-
uct yield and a deterioration in product quality.

Generally adopted means for reconditioning
steel products are flame scarfing using a hot scar-
fer and grinding using a grinder. An example of the
flame scarfing method is shown in Japanese Patent
Laid-Open No. 52-5644, according to which a gan-
tfry frame is arranged to have two supporting
beams, on which two movable nozzle operation
units for side and upper surface are mounted,
respectively. Another example of the flame scarfing
method is shown in Japanese Patent Laid-Open
No. 52-81048, according to which flame scarfing is
performed by using a plurality of transversely ar-
ranged torches, making it possible fo remove ex-
tensive defects without performing auxiliary flame
scarfing in fransverse direction at the beginning.

Regarding grinding using a grinder, an exam-
ple thereof is shown in Japanese Patent Laid-Open
No. 48-46993, according to which billets, efc. are
ground by using an abrasive wheel whose grinding
performance is improved by employing a hydraulic
or pneumatic cylinder. Another example of the
grinding method is shown in Japanese Patent Laid-
Open No. 1-242729, according to which cast stain-
less steels or other stainless steel products are
reconditioned to effectively remove any defective
portions therefrom in a specific temperature range,
thereby avoiding the problem of the self-hardening
property of stainless steels.

Apart from the above-described methods of
removing defects through reconditioning by flame
scarfing or grinding, various other reconditioning
methods have been proposed which are mainly
directed to descaling during the production of steel

10

15

20

25

30

35

40

45

50

55

products. For example, Japanese Patent Laid-Open
No. 51-97894 discloses a method according to
which a predetermined type of abrasive is sprayed
through nozzles onto the surface of a stainless
steel plate to effect wet grinding and descaling at
the same time.

However, as will be discussed below, the
above-described steel product reconditioning meth-
ods have various problems.

Both the flame scarfing method disclosed in
Japanese Patent Laid-Open No. 52-5644, in which
a gantry frame is arranged to have two supporting
beams, on which two movavle nozzle operation
units for side and upper surface are mounted,
respectively, and the method disclosed in Japa-
nese Patent Laid-Open No. 52-81048, in which
flame scarfing is performed by using a plurality of
transversely arranged torches to make it possible
fo effect flame scarfing on extensive defects with-
out performing auxiliary flame scarfing, have a
problem in that the flame scarfing operation itself
involves a high temperature and a large amount of
dust, causing a deterioration in working conditions.
Moreover, with these methods, it is difficult to dis-
criminate any defects remaining on the surface of
the steel products after flame scarfing.

Further, in flame scarfing, it is impossible to
control the scarfing depth, creating an unevenness.
Thus, some defects remain, but to prevent defects
from remaining, the flame scarfing amount is in-
creased, resulting in a reduction in yield.

Another problem with flame scarfing, compared
with other types of methods, is that it requires
equipment on a larger scale for automatizing the
process to achieve an improvement in working
conditions and operational efficiency, resulting in
high costs.

Regarding grinding methods using a grinder,
e.g., the above-described method disclosed in Jap-
anese Patent Laid-Open No. 48-46993, in which
billets, etc. are ground by using an abrasive wheel
whose grinding performance is improved by em-
ploying a hydraulic or a pneumatic cylinder, and
the method disclosed in Japanese Patent Laid-
Open No. 1-24729, in which steel reconditioning by
a grinder is performed on cast stainless steels or
other other stainless steels in a specific tempera-
ture range; these methods involve, like the above-
described flame scarfing methods, an operation
under unfavorable conditions of high temperature
and a large amount of dust depending upon the
steel type. Moreover, as in the above-described
flame scarfing methods, it is difficult to discriminate
any defects remaining on the steel surface after
grinding, resulting in high defect-removal costs,
etc.

Enlarging the grinder width results in a large
amount of steel being unnecessarily ground and
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requires a large driving power, which leads to an
increase in running costs and a reduction in yield.
On the other hand, reducing the grinder width
results in a deterioration in efficiency because a
large number of grinders are required, with the
reconditioning time undesirably increased. The
steel defect removal method such as disclosed in
Japanese Patent Laid-Open No. 51-97894, in which
wet blasting are performed by spraying an abrasive
through nozzles onto the surface of a stainless
steel plate, is, at the present level of technology,
mainly directed to descaling and, technically, still
not sufficiently developed to be adopted in remov-
ing defects from steel products. Thus, it cannot be
adopted, practically speaking.

The present invention has been made with a
view toward solving the problems in the above-
described conventional steel reconditioning tech-
niques. It is accordingly an object of the present
invention to provide an excellent steel grinding
method which makes it possible not only to easily
discriminate any defects remaining on the surfaces
of steel products after grinding, such discrimination
being important when improving working conditions
and automating the steel production process, but
also to selectively remove defective portions in
accordance with the defect. Thus, a reduction in
product costs is achieved, an improvement in yield
is attained and, further, the product quality can be
positively guaranteed, thereby contributing much to
those fields of the iron industry.

DISCLOSURE OF THE INVENTION

To achieve the above object, the following
technical means are adopted in the grinding meth-
od of the present invention: a predetermined abra-
sive in the form of fine particles, such as garnet
sand, silica sand, alumina, iron sand, or cast-iron
grit, is mixed with ultra-high-speed water jet to form
an ultra-high-speed abrasive water jet which is con-
tinuously ejected through nozzle as jets having a
fixed small diameter to impinge with impact upon
the surface of steel products such as slabs, there-
by automatically removing, without contact, any
undesirable defects existing near the surface of
such steel products. Further, automatic sensing is
performed on the surface and near-surface portions
of the steel products before and/or after the grind-
ing so as to search for any defects and to detect
the locations, etc. thereof, thereby making it possi-
ble to realize a completely automated, unmanned
grinding line.

Further, in accordance with the present inven-
tion, there is provided a grinding system for grind-
ing the surface of materials such as steel slabs. In
the grinding system, conventional wet blasting and
liquid honing methods are further developed to
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realize a system for grinding the surface of materi-
als such as steel slabs using an abrasive water jet
with an increased pressure (normally 300 kgf/cm2
or more) and an improved energy density and
machining efficiency. The system is formed by
combining the following sub-systems as needed: a
defect detection system for detecting defects on
material surfaces; a grinding control system for
fransmitting signals regarding grinding conditions
controlled on the basis of defect information de-
tected by the defect detection system; an abrasive
supply system for supplying abrasive in accor-
dance with signals from the grinding control sys-
tem; a grinding-nozzle-device system adapted to
move relative to the material in accordance with
signals from the grinding control system; and an
abrasive recovery system for recovering the abra-
sive used for grinding, and restoring it to the abra-
sive supply system.

The defect detection system for detecting de-
fects on material surfaces employs a defect detect-
ing device, which may consist of an image pro-
cessing apparatus based on magnetic particle in-
spection or ultrasonic flaw detection, or an appara-
tus using a telecamera.

Grinding using an abrasive water jet employs a
non-heating-type method. Therefore, the method
does not involve surface-defect obscuration caused
by the influence of heat or the melting of material
surface portions, so that the detection of defects
after machining is easy to perform. Further, since
the turning ON/OFF of the machining operation is
easy, no ignition error as involved in flame scarfing
occurs. In addition, due to the fact that the method
adopts a non-contaci-type machining means, the
method is relatively free from service-life problems
as compared with methods using grinding wheels,
which makes it possible to easily construct an
automated grinding system.

Moreover, when the sub-system for recovering
the used abrasive is connected with the sub-sys-
tem for supplying the abrasive to be mixed with a
high-speed fluid jet, an abrasive circulation system
is formed when the abrasive water jet is applied to
the grinding of an extensive and continuous sur-
face. A continuous operation is also possible when
abrasive water jet nozzles, adapted to make a
relative movement with respect to a plurality of
steel products, are applied to the grinding of a wide
material surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing how
cutting is performed by using an abrasive water
jet;

Fig. 2 is a schematic diagram showing how
partial cutting is performed by using the abra-
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sive water jet;

Fig. 3 is a schematic diagram showing how
surface grinding is performed by using the abra-
sive water jet;

Fig. 4 is a sectional view of an essential part of
a grinding system according to the present in-
vention, showing how surface grinding is per-
formed on the surface of a slab by the system;
Fig. 5 is a partially sectional front view of the
same;

Fig. 6 is a plan view showing defecis on the
surface of a slab and how a nozzle is moved
over them;

Fig. 7 is a longitudinal sectional view of the
same;

Fig. 8 is a block diagram showing a slab grind-
ing system according to the present invention;
Fig. 9 is a plan view of a slab grinding system
according to the present invention;

Fig. 10 is a front view of an essential part of the
grinding system shown in Fig. 9;

Fig. 11 is a side view of an essential part of the
grinding system shown in Fig. 9;

Fig. 12 is a block diagram showing another
embodiment of the present invention;

Fig. 13 is a plan view of the embodiment shown
in Fig. 12;

Fig. 14 is a side view of Fig. 13;

Fig. 15 is front view of an essential part of the
embodiment shown in Fig. 13; and

Fig. 16 is a side view of an essential part of Fig.
15.

PREFERABLE EMBODIMENT OF THE
TION

INVEN-

Figs. 1 through 3 are schematic diagrams
showing how a cast slab is ground by means of a
high-pressure water jet mixed with abrasive (an
abrasive water jet). Numeral 1 indicates a nozzle of
a so-called abrasive water jet apparatus. High-pres-
sure water jet at a fixed pressure is supplied to a
mixing chamber (not shown) and mixed with an
abrasive in the form of fine particles, such as
garnet sand, silica sand, alumina, iron sand, or
cast-iron grit to form a jet 2 having a fixed small
diameter, which is expelled at ultra-high speed onto
a steel slab 3 to be ground. Figs. 1 through 3 show
how cutting (grinding) is performed when the rela-
tive traversing speed of the nozzle 1 with respect
fo the slab 3 (the nozzle feeding speed or the
speed at which the slab 3 is fed) is varied.

Fig. 1 shows normal cutting, in which grinding
is performed over the entire thickness t of the slab
3. In this case, the relative fraversing speed of the
nozzle is in a low-speed range which is low enough
fo enable the slab 3 to be cut in a satisfactory
manner. Drag lines 4 are formed over the thickness
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t of the slab 3.

Fig. 2 shows a case in which the relative move-
ment of the nozzle 1 and the slab 3 is made at a
higher speed than in the case of Fig. 1. Here, the
cutting is not effected over the entire thickness t of
the slab 3, the cutting depth h1 showing a fluc-
tuation by a difference Ah1 at the bottom portion
formed by the cutting.

In the example of Fig. 3, the relative traversing
speed between the nozzle 1 and the slab 3 is even
higher than in the example of Fig. 2. The cutting
depth h2 in this case is smaller than that in Fig. 2.
At the same time, the fluctuation in depth Ah2 is
also smaller than that in Fig. 2, with the result that
the bottom surface formed by the cut grooves are
practically smooth, thus making it possible to per-
form the so-called groove grinding.

In the present invention, the above grinding
principle and grinding-speed ranges of the abrasive
water jet are applied to the grinding of the surface
of a steel slab 3.

Further, in the present invention, by adopting
the above-described principle, the surface of the
steel slab 3 is subjected, though microscopically,
to a positive grinding action due to the the eroding
effect of the abrasive grains in the ultra-high-speed
water jet, thereby making it possible to remove
defects under ideal conditions involving no genera-
tion of heat.

By the relative feeding of the nozzle 1 forming
the above jet spout, it is possible to smooth the
entire surface of the steel slab 3 by grinding it
uniformly, or partially by selecting defective por-
tions existing on or near the surface.

Further, due to the provision of the sub-system
for detecting defects, etc. before and/or after the
above-described grinding, it is possible to detect
defects, efc. existing on or near the surface of the
steel slab 3, and the positions and sizes of such
defects. Information on these defects is input and
fed back to be utilized in the grinding operation,
whereby it is possible to stabilize the process for
removing defects on the surface, etc. of steel pro-
ducts and to positively guarantee the quality there-
of and, further, to realize a completely automated
working process.

Further, since the steel surfaces after grinding
are not covered with oxide scales or the like, defect
detection after grinding is relatively easy to per-
form.

Next, an embodiment of the present invention
will be described with reference to the drawings
from Fig. 4 onwards.

In the following description, the components
which are the same as those of Figs. 1 through 3
will be referred to by the same reference numerals.

Figs. 4 and 5 show how the steel slab 3 is
ground in accordance with an embodiment of the
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present invention, along with the construction of a
nozzle head 4 of a side entrainment type. Abrasive
6 consisting of garnet sand or the like is supplied
to a mixing chamber 10 by a negative pressure
due to the venturi effect of an ultra-high-speed
water jet 9 generated at a water nozzle 8 con-
nected to a high-pressure water piping 7. The
water jet 9 and the abrasive 6 are mixed with each
other in the interior of the abrasive nozzle 1, which
extends from the mixing chamber 10, accelerated
and ejected from the abrasive nozzle 1 onto a
predetermined portion of the slab 3 as a jet 2
having a predetermined small diameter to grind the
surface of the slab 3 in relative movement, based
on the grinding principle described above.

In the above process, the axis of the abrasive
nozzle 1 is held at the proper angle with respect to
the slab 3 in accordance with the kind of the slab
and the type of defect, and the abrasive nozzle is
caused to make a relative movement with respect
to the slab 3 while swinging or rofating at an
appropriate speed and pitch so as to sufficiently
cover the defects, efc. on the surface, thereby
effecting a desired grinding, etc.

In an experiment, the abrasive was supplied at
a speed of 0.5 kg/min or more, and the high-
pressure water was supplied at a pressure of 1000
kgf/lcm? or more and a flow rate of 2 lit./min., the
working distance between the nozzle and the steel
being not more than 200 mm. In this case, the
inpinging angle with respect to the slab 3 ranged,
for example, from 10 to 170°, and the relative
speed between the slab 3 and the abrasive nozzle
1 when the abrasive nozzle was swung or rotated
was approximately 1 to 10 m/min. Under these
conditions, very satisfactory results were obtained.
Such conditions, however, somewhat differ depend-
ing upon the kind of slab, the type of defect and
the kind of abrasive 6, etc.

Figs. 6 and 7 show in more detail an example
of the way the abrasive nozzle 1 is operated. As
shown in the drawings, to cope with defecis 12,
12', 12" and 12", various kinds of swinging modes
for the abrasive nozzle 1 can be combined in terms
of grinding range, direction and pitch.

In the embodiment shown in Fig. 7, an appro-
priate rounding is effected in the boundaries be-
tween the surface portions 3' where grinding is
performed on the defecis 12, 12', 12" and 12" and
the surface portions and 3" where no grinding is
performed, in order that extremely large differences
in thickness may not be generated between these
portions.

The abrasive nozzle 1 can also perform grind-
ing as in the above case by a rotation within an
appropriate radius, instead of swinging, and pitch
feed.
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Next, Fig. 8 is a block diagram showing the
entire system including an inspection process. In
the system shown, an articulated robot is used as a
driving device 13 for the abrasive nozzle 1. Search-
ing results obtained at an inspection stage 14 prior
to grinding by a defect detecting mechanism 15
consisting of a CCD camera or the like are input to
a defect detection system 16 as information on the
defects 12, efc. on the slab 3 (in terms of location,
size, depth, etc.), grinding being automatically per-
formed in a grinding (scarfing) stage 17 in accor-
dance with the information.

The entire surface of a continuous casting steel
product is scanned with a telecamera by a camera
driving device which operates in accordance with
signals from a camera drive controller in a defect
detection system, thereby obtaining defect informa-
tion in terms of size, configuration, area, depth, etc.
The image processing apparatus in defect detec-
tion system performs coordinate transformation on
the location of any defect and, on the basis of the
coordinates thereby obtained, the location is settled
as an address on the steel surface. The information
from the image processing apparatus in terms of
configuration, depth, grinding range, procedures
and location, is input to a collective-control com-
puter in grinding controller. The input information is
supplied to the grinding system to be used as
driving instructions for controlling a nozzle drive
controller, an abrasive supply system and high-
pressure-water generator, etc. to cause the high-
pressure fluid nozzle for abrasive water jetting to
traverse the steel surface by means of a guide
mechanism working on an address basis to per-
form grinding.

It is possible, as needed, to perform inspection
by an optical inspection means during and after the
grinding by using the defect detection mechanisms
15" and 15" and the defect detection system 16,
utilizing the detection results for feedback during
grinding or for re-grinding.

Further, this embodiment adopts a system in
which the used abrasive 6 is recovered and sup-
plied to an abrasive feeding device 19 for re-
utilization, the fragmental abrasive being separated
and removed by a recovery/re-feeding device 18.

Numeral 20 indicates a high-pressure water
generator; numeral 7' indicates a high-pressure wa-
ter piping; numeral 21 indicates a nozzle drive
controller; numeral 22 indicates a grinding control-
ler for overall grinding control; numeral 23 indicates
waste abrasive; numeral 24 indicates new abrasive;
and numeral 25 indicates an inspection stage. Figs.
9, 10 and 11 show external views of the entire
system of the embodiment shown in Fig. 8, in
which three articulated robots cooperate to continu-
ously grind the surface of a steel slab 3 or the like
in an average tact time of 7 minutes. The slab 3 is
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fed in the direction indicated by the arrows.

Next, another embodiment of the present in-
vention will be described with reference to Figs. 12
through 16.

The system shown in the drawings comprises
a defect detection system 101, an abrasive-water-
jet-nozzle device 102, a supply system 103 for
supplying high-pressure water and abrasive to the
nozzles, and a recovery system 104 for recovering
the used abrasive and re-feeding the same to the
supply system 103.

Information from these systems are input fo a
grinding controller 105, and the input information is
used for controlling the systems by a judgment
function of the grinding controller 105.

The slab W to be ground is processed through
three stages: inspection stage S1, grinding stage
S2 and inspection stage S3. One of the inspection
stages S1 and S3 may be omitted.

The defect detection system 101 comprises a
defect detection system 111 for detecting defects
on the slab surface prior to grinding, a defect
detection system 112 for detecting surface defects
during grinding, and a defect detection system 113
for detecting defects on the slab surface after
grinding for the next process. The surface defect
conditions in each of these stages are detected,
and information thereon is input to the grinding
controller 105, the abrasive nozzle device 102 and
the supply system 103 being controlled in accor-
dance with variations in the information.

The abrasive water jet nozzle device 102 com-
prises a nozzle drive controller 106 controlled by
the grinding controller 105, and nozzles 108 driven
by a nozzle driver 107.

Figs. 13 through 16 show a specific system
arrangement for the system shown in Fig. 12.

The system shown comprises: a supply sys-
tem 103 consisting of a high-pressure water gener-
ator 31 and an abrasive supply device 32 shown in
Fig. 12; and front and rear nozzle devices 121 and
122 for respectively grinding the upper and lower
surfaces of slabs, which are reversed by a revers-
ing device 42. Each of the nozzle devices 121 and
122 has three nozzles 108 arranged along the
longitudinal dimension of the slabs W produced by
a continuous casting machine 41. Each nozzle 108
is attached to the tip of a 6-axis articulated robot
125 provided on a nozzle guide 124 arranged on a
base 123 astride a slab moving bed 109. Each
nozzle 108 is driven and controlled by the nozzle
drive controller 106 and the nozzle driver 107
shown in Fig. 12.

A robot and an NC device can be used as the
driving devices for the nozzles 108. One or a
plurality of articulated robots may be installed on
the floor, ceiling or walls, or in a combination of
these installation locations. The driving devices
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may be stationary or, as in the example shown in
the drawings, capable of fravelling along one axis
or more. The abrasive nozzle head may be of a
direct injection type, in which the abrasive and
water are mixed at high pressure beforehand and
expelled at high pressure through the nozzle in a
slurry-like state. Further, the nozzles may be op-
erated so as to move in a variety of rotating and
swinging movements.

As described above, in accordance with the
present invention, a high-pressure water jet is
mixed with abrasive and expelled against steel
products, thereby making it possible to perform
automatic grinding without contact. Thus, conven-
tional defect removal means, such as flame scar-
fing and wheel grinding, which have been manually
performed under severe working conditions involv-
ing noise and heat, can be dispensed with, thus
leading to a marked improvement in working con-
ditions (by realizing an unmanned working process,
etc.) In addition, the method of the present inven-
tion provides the excellent effect of making it possi-
ble to positively remove any defects existing on or
near the surface of a steel product, the removal
being effected in a stable manner and to a desired
depth without involving any fusion or deterioration
of the material caused by heat. Further, by utilizing
the abrasive circulation system as needed, an ex-
cellent system can be provided in which it is possi-
ble to perform a continuous operation without dete-
riorating the function of the abrasive water jet itself,
which leads to saving of resources and a reduction
in cost.

Thus, the present invention provides an ex-
cellent machining means for the removal of steel
surface detects, which removal has tended to be-
come more and more necessary due to the recent
increase in demand for higher quality materials.

Claims

1. A grinding method in which abrasive is ejected
onto a steel product through nozzles to grind
the steel product in a continuous casting pro-
cess or ingot casting process or the like or in a
subsequent process, wherein high-pressure
water mixed with the abrasive in the form of
fine particles is ejected in a jet onto a steel
surface to remove any defects on or near the
surface by grinding.

2. A grinding method by jetting in a continuous
casting process or ingot casting process or the
like or in a subsequent process according to
Claim 1, wherein steel surface portions where
defects exist are finished to be substantially
smooth.
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3. A grinding method according to Claim 1 or 2,

wherein said abrasive is fed at a rate of not
lower than 0.5 kg/min., and said high-pressure
water is supplied at a pressure of not lower
than 1000 kgf/cm? and at a flow rate of not
lower than 2 lit./min., said abrasive and high-
pressure water being either mixed with each
other beforehand in a high-pressure state or
mixed within a nozzle head after ejection of the
high-pressure water to obtain a high-pressure
water mixed with abrasive, said high-pressure
water being ejected onto the surface of the
steel product to grind the same at a impinging
angle of 10 to 170° and with a working dis-
tance between the nozzle and the steel surface
of not more than 200 mm.

A grinding method in which abrasive is ejected
onto a steel product through nozzles to grind
the steel product in a continuous casting pro-
cess or ingot casting process or the like or in a
subsequent process, wherein any defective
portion on or near the surface of the steel
product is automatically detected, high-pres-
sure water mixed with abrasive in the form of
fine particles being ejected in a jet onto the
surface of the steel product before and/or after
and/or simultaneously with the detection of the
defective portion to grind at least the defective
portion on or near the surface.

A grinding method in which abrasive is ejected
onto a steel product through nozzles to grind
the steel product in a continuous casting pro-
cess or ingot casting process or the like or in a
subsequent process, wherein the entire surface
or a part of the surface of a cast steel product
is examined to detect any defects thereon,
which defects are subjected to coordinate
transformation by a defect detection system, a
high-pressure liquid nozzle being driven and
moved in accordance with information obtained
through the coordinate fransformation by said
defect detection system.

A material surface grinding system using an
abrasive water jet, comprising: an abrasive
supply system for supplying abrasive; a grind-
ing-nozzle-device system provided with a noz-
zle adapted to make a relative movement with
respect to a material; and an abrasive recovery
system for recovering the used abrasive and
restoring the same to said abrasive supply
system.

A material surface grinding system using an
abrasive water jet, comprising: an abrasive de-
tection system for detecting any defects on the
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surface of a material; a grinding control system
for transmitting signals regarding grinding con-
ditions controlled on the basis of defect in-
formation detected by said defect detection
system; an abrasive supply system for control-
ling abrasive supply on the basis of signals
from said grinding control system; and a grind-
ing-nozzle-device system provided with a noz-
zle adapted to make a relative movement with
respect to the material on the basis of signals
from said grinding control system.

A material surface grinding system using an
abrasive water jet, comprising: an abrasive de-
tection system for detecting any defects on the
surface of a material; a grinding control system
for transmitting signals regarding grinding con-
ditions controlled on the basis of defect in-
formation detected by said defect detection
system; an abrasive supply system for control-
ling abrasive supply on the basis of signals
from said grinding control system; a grinding-
nozzle-device system provided with a nozzle
adapted to make a relative movement with
respect to the material on the basis of signals
from said grinding control system; and an
abrasive recovery system for recovering the
used abrasive and restoring the same to said
abrasive supply system.



//// \\\\\\\\\\\\\\\\ ~(







FIG S

FIG. 6
/|2 /|2' /|2" /12"'
T [
% %f% L M‘“ |
”ﬂ‘ i
FIG. 7

N




L

EP 0 645 214 A1

12

|

-

_ ! 1!

—= 5 —>
T .HTJQ
fge—ommeo
= T |
so= | 9 & 9
o I 1 I o
oawm —
o ] M
_ Fllm_ L |

_ e | | Juomenas| |

_ Aoy “ HILUM| | L
| Nze| o |PheE| |

| AZ8E] T
e e 2 |

| il e
IIIIIIII ER ﬁlllllllw_

H3TTI04INOD

ONIONIEO ~_ 22




EP 0 645 214 A1

FIG 9

20 U /29, /19
e/

FIG. 10 FIG. |l
13
e T & 4o |
AT AT \ ] —%
! 1101 - 7 —
U i 1
13 3 3

13



EP 0 645 214 A1

Bl

IS JOVIS 2S JOVLS (ONIJHVIS) ONIGNINO cS I9VIS
NOILOIdSNI : : | NOILO3SNI
i _
avs = M—— avs e avs
- 1
i~ - 2l T
T O : f
| ) _
| ol | _ o WALSAS
Az%%mmﬁv o 80| N ogaEa )
BECT 358 |
_
“ | o JNSvyaY | “
_ AZS_O_M.WW&WQV “ qaAnNa I _H [ — ~0Q _ _
I s = B
_ M || I | 3Aisvagy !
| “ 1 || qurddiie-hom | 5L F | vy “
| || [-~&3 SRsa I | ZF M|
| 20I-r | 31zzoN | I _

M |
| i _ | m_%mmwmm mu%«%__t 321A3d |
| |- | |71 AS00388 [anisvaay| |
“ “ 90| L. e T L“ u>_m»<mm< JISVM| |

S i
e i
|||||||||||| | | — -

EEEN] JUNS
BRI
so1””

14



EP 0 645 214 A1

FIG. 13

41

15



INTERNATIONAL SEARCH REPORT International application No.
BPCT/JP93/00218

A. CLASSIFICATION OF SUBJECT MATTER
Int. Cl B24C5/02, B26F3/00

According to International Patent Qlassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

Int. C1° B24C5/02, B24C5/04, B26F3/00

Documentation searched other than mini doc tion to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1925 - 1993
Kokai Jitsuyo Shinan Koho 1871 - 1993

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP, A, 61-159373 (Fuji Photo Film Co., Ltd.), 1, 2, 3 )
July 19, 1986 (19. 07. 86}, (Family: none) A
X JP, B2, 56-34431 (Ishikawajima-Harima Heavy 1, 2, 3

Industries Co., Ltd.},
August 10, 1981 (10. 08. 8l), (Family: none)

Y JP, A, 63-16999 (Kawasaki Heavy 6
Industries, Ltd.),

January 23, 1988 (23. 01. 88),
Lines 12 to 17, column 3

& CN, A, 87100891 & US, A, 4872293

Further documents are listed in the continuation of Box C. D See patent family annex.

. Special categories of cited documents: *“T* later document published after the international filing date or priority

wan . T . date and pot in conflict with the appiication but cited to understand
A" do t defi th | state of the art which is not considered g ; : .
to :n;:;am;‘?;:ﬁd:g:;n e anwhi Dot conside the principle or theory underlying the invention

“E" ecariier document but published on or after the interaational filing date  “X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

“L"” document which may throw doubts on priority claim(s) or which is i
cited to establish the publication date of another citation or other siep when the document is taken alone
special reason (as specified) “Y" document of particular relevance; the claimed invention cannot be

considered 1o involve an inventive siep when the document is

“0" d : discl axhibiti
o mo:nl?enl referring 0 an oral <, s, or otber combined with one or more other such documents, such combination
" a A ., . . being obvious to 2 person skilled in the art
“P" document publisbed prior to the international filing date but later than
the priority date claimed “&" document member of the same patent family

Date of the actual compietion of the international search Date of mailing of the international search report

April 23, 1993 (23. 04. 93) May 18, 1993 (18. 05. 93)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 1992)



	bibliography
	description
	claims
	drawings
	search report

