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(54) VERTICAL ROLLER MILL

(67)  This vertical roller mill is provided with: a rotary
table having a grinding surface; a grinding roller (3) for 24(23)
biting and grinding a material between the grinding sur-
face and the same; and a scraper (13) for adjusting a
layer thickness of the material supplied to the grinding Iy
roller (3). The scraper (13) has: a scraper body (15) sep- I
arately arranged above the grinding surface of the rotary

table; a mobilizing means (16) for allowing the scraper {ZSC @
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body (15) to move in a direction away from the grinding 25b
surface; and a resistance adding means (17) for adding 23 i 19(16)
a resistance force to the movement of the scraper body
(15) inthe direction away from the grinding surface. Even
when the layer thickness of the material supplied onto
the grinding surface of the rotary table fluctuates, a height 20(16)
position of the scraper is automatically adjusted accord-
ing to the fluctuation in layer thickness.
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Description
Technical Field

[0001] The presentinvention relates to a vertical roller
mill in which material is bitten and grinded between a
grinding roller and a rotary table.

Background Art

[0002] Conventionally, a vertical roller millin which ma-
terial is bitten and grinded between a grinding roller and
a rotary table has been used for grinding clinker, slag,
and the like. In the vertical roller mill, material consisting
of slag, clinker, and the like is supplied onto a center
portion of the rotary table via a material charge chute.
The rotary table is rotatively driven about a vertical rota-
tion axis.

[0003] The material supplied on the center portion of
the rotary table is moved outward in a radial direction by
centrifugal force generated by rotation of the rotary table,
and supplied onto an annular grinding surface formed on
the rotary table.

[0004] Additionally, a separator is provided above the
rotary table inside a mill casing, and material (coarse
grain) whose grain size (grain diameter) is larger than a
prescribed grain size is classified by the separator and
recirculated onto the center portion of the rotary table.
The material (coarse grain) recirculated on the center
portion of the rotary table is supplied onto the grinding
surface of the rotary table together with materials
charged from the material charge chute by centrifugal
force of the rotary table.

[0005] The material supplied on the annular grinding
surface of the rotary table is rotatively moved by rotary
operation of the rotary table and bitten between a plurality
of grinding rollers and the rotary table. Each of the plu-
rality of grinding rollers is elastically pressed against the
grinding surface of the rotary table by a roller pressing
mechanism having a hydraulic cylinder or the like. The
material bitten between the grinding roller and the rotary
table is grinded by the pressing force of the grinding roller.
[0006] Now, ina grinding process of cement, slag, and
the like using the vertical roller mill, when thickness of
the material to be grinded (layer thickness) on the annular
grinding surface of the rotary table is not constant, the
grinding roller is moved vertically due to fluctuation in
layer thickness. The vertical movement of the grinding
roller causes vibrations of the mill, which adversely af-
fects a stable operation of the mill.

[0007] In order to cope with this problem, in a conven-
tional vertical roller mill, a scraperis provided on the biting
side of the grinding roller. The scraper is provided above
the grinding surface of the rotary table at a predetermined
distance and fixed to a support beam above the rotary
table.

[0008] The scraper uniformizes the layer thickness by
leveling the material before the material is bitten between
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the grinding roller and the rotary table, thereby reducing
the mill vibration upon grinding caused by the fluctuation
in layer thickness of the material.

Related Art Document
Patent Document ,

[0009] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. H03-174258

Summary of the Invention
Object to be Achieved by the Invention

[0010] Now, the layer thickness of the material sup-
plied on the grinding surface of the rotary table fluctuates
depending on production model, production quantity, and
operation parameter (such as material charge quantity
and the like), and the scraper has an optimal height ac-
cording to the layer thickness.

[0011] However, since a conventional scraper is fixed-
ly placed above the rotary table as stated above, work
for changing its height needs to be performed during op-
eration stop of the mill. Thus, operation efficiency of the
mill is declined if the mill is temporarily stopped every
time the layer thickness fluctuates for performing the ad-
justment work of scraper height.

[0012] The presentinvention is made considering the
above-stated problems of the conventional technique,
and its object is to provide a vertical roller mill in which a
height position of the scraper is automatically adjusted
according to fluctuation in layer thickness when the layer
thickness of the material supplied on the grinding surface
of the rotary table fluctuates.

Means for Achieving the Object

[0013] Inordertoachieve the above-mentioned object,
a vertical roller mill according to a first aspect of the
present invention comprises: a rotary table having a
grinding surface; a grinding roller for biting and grinding
a material between the grinding surface and the same;
and a scraper for adjusting a layer thickness of the ma-
terial supplied to the grinding roller, wherein the scraper
has: ascraperbody separately arranged above the grind-
ing surface; a mobilizing means for allowing the scraper
body to move in a direction away from the grinding sur-
face; and a resistance adding means for adding a resist-
ance force to a movement of the scraper body in the
direction away from the grinding surface.

[0014] A second aspectofthe presentinvention is that,
in the first invention, the mobilizing means is configured
tohang the scraper body so as to swing about a horizontal
axis.

[0015] A third aspect of the present invention is that,
in the first or second aspect, the scraper body has a con-
tact surface with the material, and the contact surface is
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oriented obliquely downward in a stationary state of the
scraper body.

[0016] A fourth aspect of the present invention is that,
in the third aspect, the contact surface of the scraper
body forms an angle of 15 - 75 degrees with respect to
a vertical surface.

[0017] A fifth aspect of the present invention is that, in
any one of the first to fourth aspects, the resistance add-
ing means has a weight for pressing the scraper body
downward.

[0018] A sixth aspect of the present invention is that,
in the fifth aspect, the weight is adjustable in weight.
[0019] A seventh aspect of the present invention is
that, in any one of the first to sixth aspects, the scraper
further has a movable range limit means for limiting an
operable range of the scraper body.

[0020] Aneighth aspectofthe presentinventionis that,
in the seventh aspect, the movable range limit means is
configured to be able to adjust a lowest position and a
highest position of the scraper body.

[0021] A ninth aspect of the present invention further
comprises, in any one of the first to eighth aspects, a dust
cover provided around the mobilizing means.

[0022] A tenth aspect of the present invention is that,
in any one of the first to ninth aspects, the scraper body
has a contact surface with the material, and a lower por-
tion of the contact surface is formed thick-walled.

Effect of the Invention

[0023] An object of the present invention is to provide
a vertical roller millin which a height position of the scrap-
er is automatically adjusted according to the fluctuation
in layer thickness even when the layer thickness of the
material supplied onto the grinding surface of the rotary
table fluctuates.

Brief Description of Drawings
[0024]

FIG. 1 is a longitudinal section view illustrating a
schematic configuration of a vertical roller mill ac-
cording to one embodiment of the present invention.
FIG. 2 is a plan view illustrating an arrangement of
a movable scraper in the vertical roller mill in FIG. 1.
FIG. 3is afront view illustrating the movable scraper
in the vertical roller mill in FIG. 1.

FIG. 4 is a side view illustrating the movable scraper
in the vertical roller mill in FIG. 1.

FIG. 5is a side view illustrating operation of the mov-
able scraper in the vertical roller mill in FIG. 1.

FIG. 6 is another side view illustrating operation of
the movable scraperin the vertical roller millin FIG. 1.
FIG. 7 is a perspective view illustrating a dust cover
of the movable scraper in the vertical roller mill in
FIG. 1.

FIG. 8 is a schematic view illustrating an effect of the
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movable scraper in the vertical roller mill in FIG. 1.
FIG. 9 is a schematic view illustrating an effect of a
fixed scraper in a conventional vertical roller mill.

Embodiment of the Invention

[0025] Hereunder, a vertical roller millaccording to one
embodiment of the present invention will be described
with reference to the drawings.

[0026] As illustrated in FIG.1, a vertical roller mill 1 ac-
cording to this embodiment has a rotary table 2 to which
material is supplied onto a top surface center portion of
the same, and a plurality of (three in this example) grind-
ing rollers 3 for biting and grinding the material between
the rotary table 2 and the same. The rotary table 2 is
rotatively driven about a vertical rotation axis LO.

[0027] The plurality of grinding rollers 3 are arranged
at equal angular intervals on a virtual circumference
about the vertical rotation axis LO of the rotary table 2.
Each of the plurality of grinding rollers 3 is pressed
against an annular grinding surface 2a of the rotary table
2 illustrated in FIG. 2 by a roller pressing mechanism 4
comprising a driving source such as a hydraulic cylinder
or the like.

[0028] The vertical roller mill 1 comprises a rotation
driving source 5 and a reduction gear 6 for the rotary
table 2, and the rotary table 2 is installed above the re-
duction gear 6.

[0029] The rotary table 2 and the grinding roller 3 are
covered by a mill casing 7. Material is supplied to the
rotary table 2 through a raw material supply chute 8 which
is arranged such that it passes through the mill casing 7.
In this example, the material supply chute 8 is extended
along the vertical rotation axis LO of the rotary table 2.
[0030] A separator9is provided above the rotary table
2. Among the material emitted outward in the radial di-
rection from the rotary table 2 by centrifugal force, the
material grinded so that its grain is smaller than a pre-
scribed grain size (grain diameter) is blown up by hot air
supplied inside the mill casing 7 through a hot air duct
(not illustrated) and is transferred to the separator 9.
[0031] The separator 9 is rotatively driven by a sepa-
rator driving device 10 which is composed of an electric
machinery or the like, and discharges, among the mate-
rial blown by the hot air, only the material (refined grain)
whose grain is smaller than a prescribed grain size (grain
diameter) from a refined grain discharge duct (not illus-
trated) which is provided to an upper portion of the mill
casing 7. On the other hand, the material (coarse grain)
whose grain is larger than the prescribed grain size (grain
diameter) is classified by the separator 9 and returned
onto the rotary table 2 through a funnel shaped member
(inner cone) 11 so as to be bitten and ground again by
the grinding roller 3 and the rotary table 2.

[0032] The vertical roller mill 1 comprises a collection
casing 12 for collecting, among the material emitted
around the rotary table 2 by the centrifugal force accom-
panied with the rotation of the rotary table, the material
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which was not blown up by the hot air. The collection
casing 12 has a larger diameter than the rotary table 2,
and assumes an annular form as a whole. The material
collected by the collection casing 12 is returned onto the
rotary table 2 through an external circulation line (not
illustrated) and grinded again.

[0033] As illustrated in FIG. 2, the vertical roller mill 1
according to this embodiment comprises three grinding
rollers 3, and a scraper 13 for adjusting layer thickness
of the material supplied to the grinding roller 3 is installed
to each of the three grinding rollers 3. The scraper 13 is
provided to a support beam 14 installed inside the mill
casing 7.

[0034] FIG.3 andFIG. 4illustrate the enlarged scraper
13. The scraper 13 comprises a scraper body (scraper
plate) 15 separately arranged above the grinding surface
2aoftherotary table 2, amobilizing means 16 for allowing
the scraper body 15 to move in a direction away from the
grinding surface 2a when the material on the grinding
surface 2a comes into contact with the scraper body 15,
and a resistance adding means 17 (FIG. 4) for adding
resistance force to the movement of the scraper body 15
in the direction away from the grinding surface 2a.
[0035] The mobilizing means 16 is configured so as to
hang the scraper body 15 so that it can swing about a
horizontal axis. Thus, the mobilizing means 16 has a turn-
ing shaft 18 extending in the horizontal direction, and the
turning shaft 18 is turnably supported by a bearing 19
provided to the support beam 14. A plurality of movable
support members (movable body) 20 extending in a ver-
tical direction are provided to the turning shaft 18, and
the movable support member 20 can swing about the
turning shaft 18. The scraper body 15 is provided to a
lower end of the movable support member 20, and the
scraper body 15 can swing together with the movable
support member 20.

[0036] As illustrated in FIG. 4, a contact surface 15a
with the material of the scraper body 15 is oriented ob-
liquely downward in a stationary state (state in the lowest
position)of the scraper body 15. Specifically, the contact
surface 15a of the scraper body 15 forms an angle of 15
- 75 degrees, preferably 45 degrees with respect to the
vertical surface. Considering wear due to contact with
the material, a lower portion of the contact surface 15a
of the scraper body 15 is formed thick-walled.

[0037] Theresistance adding means 17 of the scraper
13 has a weight 21 pressing the scraper body 15 down-
ward. The weight 21 is detachably mounted to a lower
end portion of the movable support member 20 by a bolt
22. The weight 21 is configured by superposing a plurality
of plates, and weight of the weight 21 can be adjusted
by changing the number and kind of the plates.

[0038] The scraper 13 further has a movable range
limit means 23 for limiting an operable range of the scrap-
er body 15. The movable range limit means 23 has a first
stopper member 24 for defining a lowest position of the
scraper 15 and a second stopper member 25 for defining
a highest position of the scraper 15.
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[0039] The first stopper member 24 has a bolt support
piece 24a provided to an upper surface of the support
beam 14, a stopper bolt 24b screwed to a bolt hole formed
in the bolt support piece 24a, and a bolt fixing nut 24c for
releasably fixing the stopper bolt 24b.

[0040] Adistal end portion of the stopper bolt24b abuts
on the upper end portion of the movable support member
20 positioned above the turning shaft 18, in the stationary
state of the movable support member 20 as illustrated in
FIG. 4. Thereby, the movable support member 20 is lim-
ited in rotatively moving in a counterclockwise direction
in FIG. 4 about the turning shaft 18.

[0041] The limit position of the rotary movement of the
movable support member 20 in the counterclockwise di-
rectionin FIG. 4 can be adjusted by adjusting a protruding
amount of the stopper bolt 24b by loosening the bolt fixing
nut 24c. Thereby, the lowest position of the scraper body
15 can be adjusted.

[0042] Inthisexample, asillustratedinFIG. 4, the distal
end portion of the stopper bolt 24b abuts on the upper
end portion of the movable support member 20 and the
movable support member 20 becomes stationary, in a
state that the upper half portion of the movable support
member 20 is oriented in the vertical direction. Thereby,
the material contact surface 15a of the scraper body 15
is inclined at 15 - 75 degrees, preferably 45 degrees to-
ward the grinding roller 3 side with respect to the vertical
direction, when the movable support member 20 is in the
stationary state.

[0043] The second stopper member 25 has a bolt sup-
port piece 25a provided to a lower surface of the support
beam 14, a stopper bolt 25b screwed to a bolt hole formed
in the bolt support piece 25a, and a bolt fixing nut 25¢ for
releasably fixing the stopper bolt 25b.

[0044] As illustrated in FIG. 5, when the scraper body
15 is pushed up by contact with the material and the
movable support member 20 rotates in a clockwise di-
rection in FIG. 4 about the turning shaft 18, a center por-
tion of the movable support member 20 positioned below
the turning shaft 18 abuts on a distal end portion of the
stopper bolt 25b. Thereby, the movable support member
20 is limited in rotatively moving in a clockwise direction
in FIG. 4 about the turning shaft 18.

[0045] The limit position of the rotary movement of the
movable support member 20 in the clockwise direction
in FIG. 4 can be adjusted by adjusting a protruding
amount of the stopper bolt 25b by loosening the bolt fixing
nut 25c. Thereby, the highest position of the scraper body
15 can be adjusted.

[0046] Notethat, even when the lower stopper bolt 25b
and the bolt support piece 25a are broken by a pressing
force of the material, the movable support member 20
abuts on the support beam 14 and stops at the position,
as illustrated in FIG. 6. Thereby, a movable portion
(weight 21, for example) of the scraper 13 can be surely
prevented from coming into contact with the grinding roll-
er 3.

[0047] A dust cover 26 illustrated in FIG. 7 is provided
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around the mobilizing means 16 (18, 19) of the scraper
13. By providing the dust cover 26, dust can be prevented
from adhering to the circumference of the turning shaft
18 of the scraper 13, thereby malfunction of the scraper
13 can be prevented.

[0048] Next, an effect of the scraper 13 of the vertical
roller mill 1 according to this embodiment will be de-
scribed comparing with a conventional scraper.

[0049] As illustrated in FIG. 9, a scraper body 101 of
a conventional scraper 100 is fixedly installed by a fixing
bolt 103 via a fixed support member 102 on a biting side
ofthe grindingroller 3. In this fixed scraper 100, adistance
D between a lower end of the scraper body 101 and the
grinding surface 2a of the rotary table 2 is always con-
stant. Thus, even when a layer thickness T of the material
on an upstream side of the scraper 100 fluctuates, the
distance D between the lower end of the scraper body
101 and the grinding surface 2a of the rotary table 2 does
not change.

[0050] Incontrast, inthe scraper 13 of the vertical roller
mill 1 according to this embodiment, the scraper body 15
is hanged so as to swing about the turning shaft 18 by
the movable support member 20. Therefore, when the
scraper body 15 is pressed by the material moving ac-
companied with the rotation of the rotary table 2, the
scraper body 15 rotates about the turning shaft 18 to-
gether with the movable support member 20, if the press-
ing force exceeds the resistance force of the weight 21.
By this rotation movement, the distance D between the
lower end of the scraper body 15 and the grinding surface
2a of the rotary table 2 is expanded.

[0051] Thus, in the scraper 13 of the vertical roller mill
1 according to this embodiment, an angular displacement
amount of the movable support member 20 and the
scraper body 15 about the turning shaft 18 is increased
by increase in layer thickness T of the material on the
upstream side of the scraper 13, and the distance D be-
tween the lower end of the scraper body 15 and the grind-
ing surface 2a of the rotary table 2 is further expanded.
[0052] As described above, in the vertical roller mill 1
according to this embodiment, the distance D between
the lower end of the scraper body 15 and the grinding
surface 2a of the rotary table 2 changes following fluctu-
ation in layer thickness T of the material on the upstream
side of the scraper 13. Thereby, the height position of
the scraper body 15 is automatically adjusted to an op-
timal position corresponding to the layer thickness of the
material.

[0053] Additionally, inthe vertical roller mill 1 according
to this embodiment, the material contact surface 15a of
the scraper 15 is inclined with respect to the vertical sur-
face, and thereby the material is pressed in a direction
of the grinding surface 2a of the rotary table 2 by the
material contact surface 15a and compressed. By this
compression effect of the material by the material contact
surface 15a, part of air included inside the material is
driven out. By this deaeration and consolidation effect of
the material, grinding work of the material by the grinding
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roller 3 can be stabilized and grinding efficiency can be
increased.

[0054] Itis preferable to determine an inclination angle
of the material contact surface 15a of the scraper body
15 with respect to the vertical surface so as to achieve
the above-mentioned deaeration and consolidation ef-
fect of the material and also to ensure a sufficient mov-
able range of the scraper body 15 for keeping a neces-
sary adjustment range.

[0055] Note that, although the vertical roller mill 1 hav-
ing the three grinding rollers 3 is described in the above-
stated embodiment, any number of grinding rollers may
be employed and four or more grinding rollers may be
employed in the present invention.

[0056] Additionally, although the weight 21 is used as
the resistance adding means 17 of the scraper 13 in the
above-stated embodiment, a resilient member such as
a spring member, an air dumper, or the like also can be
used instead of the weight 21.

[0057] Additionally, although the movable support
member 20 in abended shape is used inthe above-stated
embodiment, instead, a movable support member in a
straight form may be used so that the material contact
surface 15a of the scraper body 15 in a stationary state
is oriented the vertical direction.

[0058] Also in this case, the material contact surface
15a of the scraper body 15 is inclined with respect to the
vertical surface since the scraper body 15 is rotated to-
gether with the movable support member by the pressing
force from the material, and therefore the deaeration from
the material and consolidation effect resulting from the
compression effect of the material by the material contact
surface 15a can be expected.

Description of Reference Numerals
[0059]

1 ... vertical roller mill

.. rotary table

2a ... grinding surface of rotary table

.. grinding roller

.. roller pressing mechanism

.. rotation driving source for rotary table
.. reduction gear for rotary table

.. mill casing

.. material supply chute

9 ... separator

10 .. separator driving device

11 ... funnel shaped member (inner cone)
12 ... collection casing

13 ... scraper

14 ... support beam

15 ... scraper body

15a ... material contact surface

16 ... mobilizing means

17 ... resistance adding means

18 ... turning shaft

N
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19 ... bearing

20 ... movable support member

21 ... weight (resistance adding means)
22 ... bolt (for fixing weight)

23 ... movable range limit means

24 ... first stopper member

24a ... bolt support piece
24b .. stopper bolt
24c ... bolt fixing nut

25 ... second stopper member

25a ... bolt support piece
25b ... stopper bolt
25c ... bolt fixing nut

26 ... dust cover

100 ... conventional scraper

101 ... scraper body of conventional scraper

102 ...fixed support member of conventional scraper
103 .. fixing bolt of conventional scraper

D ... distance between lower end of scraper body
and grinding surface of rotary table

LO ... rotation axis of rotary table

T ... layer thickness of material

Claims

A vertical roller mill, comprising:

a rotary table having a grinding surface;
agrindingroller for biting and grinding a material
between the grinding surface and the grinding
roller; and

a scraper for adjusting a layer thickness of the
material supplied to the grinding roller,
wherein the scraper has:

a scraper body separately arranged above
the grinding surface;

a mobilizing means for allowing the scraper
body to move in a direction away from the
grinding surface; and

a resistance adding means for adding a re-
sistance force to a movement of the scraper
body in the direction away from the grinding
surface.

The vertical roller mill according to claim 1, wherein
the mobilizing means is configured to hang the
scraper body so as to swing about a horizontal axis.

The vertical roller mill according to claim 1 or 2,
wherein the scraper body has a contact surface with
the material, and

wherein the contact surface is oriented obliquely
downward in a stationary state of the scraper body.

The vertical roller mill according to claim 3, wherein
the contact surface of the scraper body forms an
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10.

angle of 15 - 75 degrees with respect to a vertical
surface.

The vertical roller mill according to any one of claims
1 to 4, wherein the resistance adding means has a
weight for pressing the scraper body downward.

The vertical roller mill according to claim 5, wherein
the weight is adjustable in its weight.

The vertical roller mill according to any one of claims
1 to 6, wherein the scraper further has a movable
range limit means for limiting an operable range of
the scraper body.

The vertical roller mill according to claim 7, wherein
the movable range limit means is configured to be
able to adjust a lowest position and a highest position
of the scraper body.

The vertical roller mill according to any one of claims
1 to 8, further comprising a dust cover provided over
the mobilizing means.

The vertical roller mill according to any one of claims
1to09,

wherein the scraper body has a contact surface with
the material, and

wherein a lower portion of the contact surface is
formed thick-walled.
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