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(57) Abstract: Provided is a mixer with which it is possible to satisfactor-
ily find the slump value of ready-mixed concrete to be mixed in the mixer.

N This mixer (10J) comprises a mixer drum (10), an electrode (11), and a
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calculation unit (12). The mixer drum (10) has a rotation axis (10G) ex-
tending along the lateral direction, and ready-mixed concrete is intro-
duced into the mixer drum while leaving a space on the upper side. The
electrode (11) is provided inside the mixer drum (10), and measures a res-
istance value by moving in association with the rotation of the mixer
drum (10) along a predetermined circumference about the rotation axis
(10G) of the mixer drum (10). The calculation unit (12) finds a slump
value corresponding to the rotation speed of the mixer drum (10) and the
rate of change in the resistance value measured by employing the elec-
trode (11).
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DESCRIPTION
Title of the Invention: MIXER
Technical Field
[0001] The present invention relates to a mixer.
Background Art
[0002] Patent Document 1 discloses a conventional mixer. This
mixer includes a mixer drum, three types of electrodes, and an
operation part. The mixer drum has two ends one of which is formed
with an opening. The other end, which is an inner side as viewed
from the one end, is closed by a closing part. The electrodes
are provided on an inner peripheral surface of the mixer drum.
The electrodes are capable of measuring a pressure which the inner
peripheral surface of the mixer drum receives from ready-mixed
concrete, amoisture content and a temperature of the ready—mixed
concrete respectively. The electrodes are connected to the
operation part. The operation part finds a slump value fromvalues
measured by the respective electrodes. Accordingly, in this
mixer, the slump values can be found while the ready-mixed
concrete is being agitated by the mixer drum.
Prior Art Document
Patent Documents
[0003] Patent Document 1: U.S. Patent Application Publication
No. 2011/0077778
Summary of the Invention
Problem to Be Overcome By the Invention
[0004] In the mixer of patent document 1, however, three types
of electrodes are provided in order to measure absolute values

of the pressure which the inner peripheral surface of the mixer
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drum receives from ready-mixed concrete, the moisture content
and the temperature of the ready-mixed concrete. As a result,
when the ready-mixed concrete hardens while being adherent to
the electrodes, there is a possibility that the absolute values
of the pressure which the inner peripheral surface of the mixer
drum receives from ready-mixed concrete, the moisture content
and the temperature of the ready-mixed concrete cannot be
measured properly. Accordingly, there is a possibility that an
accurate slump value cannot be found in the mixer.

[0005] The present invention was made 1in view of the
above—described circumstances in the conventional art and has
an object to provide a mixer which can successfully find the slump
value of the ready-mixed concrete agitated by the mixer drum.
Means for Overcoming the Problem

[0006] Amixer in accordance with the present invention includes
a mixer drum, electrodes and an operation part. The mixer drum
has a rotational axis extending in a lateral direction.
Ready-mixed concrete is put into the mixer drum with a space
remaining at an upper side in the mixer drum. The electrodes are
provided in the mixer drum so as to be moved on respective
predetermined circumferences about the rotational axis of the
mixer drum with rotation of the mixer drum, thereby measuring
a predetermined electrical characteristic. The operation part
finds a slump value corresponding to a rotational speed of the
mixer drum in a case where the ready-mixed concrete is agitated
and a change rate of the electrical characteristic measured by
use of the electrodes during the agitation.

[0007] In the mixer in accordance with the invention, the
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operation part may find the change rate of the electrical
characteristic from a time period in which the electrical
characteristicmeasured by the use of the electrodes changes from
a minimum value to a maximum value or a time period in which the
electrical characteristic measured by the use of the electrodes
changes from a maximum value to a minimum value.
[0008] In the mixer in accordance with the invention, the
operation part may find a rotational speed of the mixer drum from
a one period of the electrical characteristic measured by the
use of the electrodes.
[0009] The mixer in accordance with the invention may further
include a recording part on which is recorded a database storing
the rotational speed of the mixer drum, the change rate of the
electrical characteristic and the slump value found from the
rotational speed and the change rate. The operation part may find
the slump value from the database recorded on the recording part.
[0010] In the mixer in accordance with the present invention,
the change rate of the electrical characteristic from a state
where the electrodes are buried in the ready-mixed concrete in
the mixer drum until the electrodes are exposed in the space at
the upper side over the ready-mixed concrete may be measured.
Brief Description of the Drawings
[0011] Fig. 1 is a diagrammatic view of a mixer truck of a first
embodiment;

Fig. 2(A) is a schematic diagram of a mixer drum of a mixer
of the mixer truck of the first embodiment, and Fig. 2(B) is an
enlarged view of amajor part where electrodes, an operationpart,

and a recording part are disposed;
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Fig. 3(A) is a sectional view taken along line X-X in Fig.
2{(A), and Fig. 3(B) is an enlarged view of the major part where
the electrodes, the operation part, and the recording part are
disposed;

Fig. 4 1is a graph illustrating changes with time of
resistance values measured by use of the electrodes upon rotation
of the mixer drum in order to agitate ready-mixed concrete put
into the mixer drum in the first embodiment;

Fig. 5 is a flowchart illustrating a step of determining
a maximum value and a minimum value from the resistance values
measured by the use of the electrodes in the first embodiment;

Fig. 6 is a flowchart illustrating a step of finding a
rotational speed of the mixer drum and a change rate of the
resistance value from the resistance values measured by the use
of the electrodes in the first embodiment, thereby finding the
slump value of the ready-mixed concrete;

Fig. 7 is a schematic diagram of the part where the
electrodes, the operation part and the recording part are
disposed in the second embodiment; and

Fig. 8 1is a graph illustrating changes with time of
electrostatic capacity values measured by the use of the
electrodes upon rotation of the mixer drum in order to agitate
the ready-mixed concrete put into the mixer drum in the second
embodiment.

Best Mode for Carrying Out the Invention
[0012] First and second embodiments of the mixer truck with a
mixer in accordance with the invention being mounted on a frame

of the body will be described with reference to the drawings.
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<First Embodiment>

Referring to Fig. 1, the mixer truck of the first embodiment
includes a body 50, a hopper 50C, a chute 50D, and a mixer 10J.
[0013] The body 50 has a cabin 50A and a frame 50B. The cabin
50A is provided at the front side of the body 50 (a front-back
direction corresponds to a left-right direction as viewed in Fig.
1. The same shall apply hereinafter.). The frame 50B is provided
on the upper side of a mount 50F provided at the rear side of
the cabin 50A. An engine (not illustrated) to run the body 50
is provided at a lower side of the cabin 50A (an up—-down direction
corresponds to an up-down direction as viewed in Fig. 1. The same
shall apply hereinafter.).
[0014] The hopper 50C is formed with an inlet which is open while
being upwardly spread. The hopper 50C has a lower end which is
open forwardly downward thereby to be formed into an outlet. The
outlet of the hopper 50C communicates with a central part of an
opening 10E of a mixer drum 10 which will be described later.
The hopper 50C is fixed to the upper part of the rear end of the
frame 50B. Ready-mixed concrete put through the inlet into the
hopper 50C is further put through the outlet into the mixer drum
10.
[0015] The chute 50D is supported by the rear end of the frame
50B so that a distal end thereof is rotatable about a proximal
end thereof in a horizontal direction and in an up—-down direction.
In this case, the horizontal direction should not mean a strict
horizontal direction but includes a state deviated somewhat from
the strict horizontal direction. Thus, the ready-mixed concrete

discharged from the mixer drum 10 is guided by the chute 50D to
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a desired location.

[0016] The mixer 10J includes the mixer drum 10, two electrodes
11, an operation part 12, a recording part 13, and a power supply
14, as illustrated in Figs. 2(A), 2(B), 3(A) and 3(B).

[0017] The mixer drum 10 includes a drum body 10A, a drive shaft
10B, two drum blades 10C, and a roller ring 10D. The drum body
10A is formed into a cylindrical shape. The drum body 10A has
two ends one of which is provided with an opening 10E. The other
end of the drum body 10A located at the inner side as viewed from
the one end is closed by a closure 10F. The drive shaft 10B is
connected to a central part of the closure 10F and extends outward
from the drumbody 10A. The drive shaft 10B extends on a rotational
axis 10G of the mixer drum 10.

[0018] The drive shaft 10B is connected to a speed reducer (not
illustrated) . The speed reducer is connected to a hydraulic motor
(not illustrated). The hydraulic motor is connected via piping
(not illustrated) to a hydraulic pump (not illustrated). The
hydraulic pump is connected to the engine (not illustrated)
mounted on the body. Thus, a rotative force produced by the engine
is transmitted to the drive shaft 10B via the hydraulic pump,
piping, the hydraulic motor, and the speed reducer so that the
mixer drum 10 is rotated.

[0019] The drum blades 10C are fixed along an inner peripheral
surface of the drum body 10A in a spiral manner with a
predetermined space from each other. In other words, the drum
blades 10C are rotated together with the drum body 10A. The roller
ring 10D is circularly annular in shape and is provided so as

to go round an outer surface of the drum body 10A at the opening
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10E side.

[0020] The mixer drum 10 is rotatably mounted on the frame 50B
in a forwardly inclined posture in which the opening 10E is
located above and raised higher than the closure 10F, as
illustrated in Fig. 1. In more detail, in the mixer drum 10, the
roller ring 10D is supported on a plurality of rollers 50E from
below, which rollers are rotatably provided on an upper part of
the rear end of the frame 50B. In other words, the mixer drum
10 is rotatably mounted on the frame 50B while a rotational axis
10G of the mixer drum 10 laterally extends in an inclined state.
[0021] The electrodes 11 can measure a resistance value which
is a predetermined electrical characteristic between one
electrode and another, as illustrated in Figs. 2(A), 2(B), 3(a),
and 3(B). The electrodes 11 are each formed to extend into a
cylindrical shape and provided on a middle part of the inner
peripheral surface of the mixer drum 10 in the front-back
direction, that is, inside of the mixer drum 10. In more detail,
the electrodes 11 are arranged at a predetermined interval in
the front-back direction of the mixer drum 10. Each electrode
11 has a proximal end abutting against the inner peripheral
surface of the mixer drum 10 and a distal end directed toward
the rotational axis 10G of the mixer drum 10. Each electrode 11
is provided so that a center line 11A thereof is perpendicular
to the rotational axis 10G. In other words, the electrodes 11
are provided so that the center lines 11A are parallel with each
other. Electric wires 15 have respective one ends which are
connected to the proximal ends of the electrodes 11 through

respective through-holes watertightly formed through a side
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surface of the mixer drum 10, as illustrated in Fig. 2(B).
[0022] The operation part 12 and the recording part 13 are
provided on the outer peripheral surface of the mixer drum 10.
The operation part 12 and the recording part 13 are disposed
adjacent to each other and are electrically connected to each
other. The operation part 12 and the recording part 13 are located
in the middle between two adjacent electrodes 11. The other ends
of the electric wires 15 are electrically connected to the
operation part 12. A power supply 14 is provided on the outer
peripheral surface of the mixer drum 10. The power supply 14 is
located adjacent to the operation part 12 and the recording part
13. The power supply 14 is connected via an electric wire 16 to
the operation part 12, so that the operation part 12 is supplied
with electrical power necessary for operation from the power
supply 14 via the electric wire 16. Furthermore, the electrodes
11 and the recording part 13 are supplied with electrical power
necessary for operation from the power supply 14 via the electric
wire 16 and the operation part 12. The recording part 13 is a
read only memory (ROM), a flash memory, or the like and can record
a database that will be described later.

[0023] The working of the mixer 10J of the mixer truck will now
be described. The rotational axis 10G of the mixer 10J extends
at a slant in the lateral direction. As a result, when ready-mixed
concrete is put into the mixer drum 10, a space remains over the
put ready-mixed concrete in the mixer drum 10. The mixer 10J is
rotated about the rotational axis 10G so that the ready-mixed
concrete put into the mixer drum 10 is agitated.

[0024] Each electrode 11 provided on the inner peripheral surface
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of the mixer drum 10 is moved on a circumference (a predetermined
circumference) located near the inner peripheral surface of the
mixer drum 10 about the rotational axis 10G of the mixer drum
10 with rotation of the mixer drum 10. Thus, the electrodes 11
are moved between the ready-mixed concreate put into the mixer
drum 10 and the space remaining over the ready-mixed concrete
in the mixer drum 10.

[0025] The resistance value assumes a minimum value Minl when
the electrodes 11 are moved while being completely buried in the
ready-mixed concrete (T1l-T2), and the resistance value assumes
a maximum value Maxl when the electrodes 11 are moved while being
completely exposed in the space over the ready-mixed concrete
(T3-T4), as i1llustrated in Fig. 4. The resistance value 1is
gradually increased from the minimum value Minl to the maximum
value Maxl during the time period (T2-T3) in which the electrodes
11 change from the state where the electrodes 11 are completely
buried in the ready-mixed concrete to the state where the
electrodes 11 are completely exposed in the space over the
ready-mixed concrete. Furthermore, the resistance wvalue 1is
gradually decreased from the maximum value Maxl to the minimum
value Minl during the time period (T4-T5) in which the electrodes
11 change from the state where the electrodes 11 are completely
exposed in the space over the ready-mixed concrete to the state
where the electrodes 11 are completely buried in the ready-mixed
concrete. In other words, the resistance value periodically
transits between the minimum value Minl and the maximum value
Max1l when each electrode 11 is moved on the circumference located

near the inner peripheral surface of the mixer drum 10 with
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rotation of the mixer drum 10. That is to say, the resistance
value has one period between time Tl and time T5. The mixer drum
10 is rotated one turn in this period.

[0026] Next, a manner of finding a slump value will be described.
The slump value represents the flowability of the ready-mixed
concrete. The slump value becomes larger as a moisture content
of the ready—mixed concrete is rendered large, and the slump value
becomes smaller as the moisture content of the ready-mixed
concrete is rendered small.

[0027] For example, the ready-mixed concrete is less likely to
stick to the inner peripheral surface of the mixer drum 10 and
the electrodes 11 when the slump value is large (the flowability
is high) . In more detail, the ready-mixed concrete is less likely
to stick to the inner peripheral surface of the mixer drum 10
and less likely to be lifted along the inner peripheral surface
of the mixer drum 10 even when the rotational speed of the mixer
drum 10 is high (even when the period between time Tl and time
T5 is short). As a result, a moving distance of each electrode
11 in the ready—mixed concrete becomes short. Furthermore, the
ready-mixed concrete is less likely to stick to the electrodes
11, so that the electrodes 11 can easily move in the ready-mixed
concrete in a short period of time. For the foregoing reasons,
a change rate of the resistance value becomes fast (the period
between time T2 and time T3 becomes short) when the slump value
of the ready-mixed concrete becomes large.

[0028] In reverse, the ready-mixed concrete is likely to stick
to the inner peripheral surface of the mixer drum 10 and the

electrodes 11 when the slump value is small (the flowability is
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low) . Inmore detail, the ready—mixed concrete is likely to stick
to the inner peripheral surface of the mixer drum 10 and likely
to be lifted along the inner peripheral surface of the mixer drum
10 when the rotational speed of the mixer drum 10 is high (when
the time period between time Tl and time T5 is short) . As a result,
the moving distance of each electrode 11 in the ready-mixed
concrete becomes long. Furthermore, the ready-mixed concrete is
likely to stick to the electrodes 11, so that the electrodes 11
cannot easily to move in the ready-mixed concrete in a short
period of time. For the foregoing reasons, a change rate of the
resistance value becomes slow (the period between time T2 and
time T3 becomes long) when the slump value of the ready-mixed
concrete becomes small.

[0029] Thus, the slump value has an influence on the rotational
speed of the mixer drum 10 (hereinafter, “rotational speed”) and
the change rate of the resistance value (hereinafter, “change
rate”) according to its value. TABLE 1 indicates slump values
corresponding to respective rotational speeds and change rates
obtained from the experiments. The recording part 13 records a
database storing the slump values corresponding to these
rotational speeds and the change rates.

[0030] TABLE 1

Rotational Change rate Change rate Change rate
speed 0.5 sec 1 sec 1.5 sec
0.5 rpm 5 cm 8 cm 15 cm
1 rpm 7 cm 12 cm 23 cm
1.5 rpm 10 cm 15 cm 28 cm

[0031] The rotational speed of the mixer drum 10 in the case of

11
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agitating the ready—mixed concrete is an inverse of one period
(from time Tl to time T5) of the resistance value that is measured
by the use of the electrodes 11 moved with rotation of the mixer
drum 10 and periodically changes, as illustrated in Fig. 4. In
other words, the rotational speed is found by the operation part
12 from the one period (T1-T5) of the resistance value measured
by the use of the electrodes 11.

[0032] The change rate is a time period (from T2 to T3) from the
time (T2) when the periodically changing resistance wvalue
measured by the use of the electrodes 11 moved with rotation of
the mixer drum 10 starts to increase from the minimum value Minl,
to the time (T3) when the resistance value reaches the maximum
value Maxl. In other words, the operation part 12 finds the time
period (T2-T3) when the resistance value measured by the use of
the electrodes 11 changes from minimum value Minl to the maximum
value Maxl, thereby finding the change rate. In further other
words, the change rate of the resistance value from the state
where the electrodes 11 are completely buried in the ready-mixed
concrete until the electrodes 11 are completely exposed in the
space over the ready-mixed concrete in the mixer drum 10 1is
measured. Thus, the rotational speed and the change rate can be
found by the operation part 12 from the resistance value measured
by the use of the electrodes 11.

[0033] The operation part 12 finds from the database recorded
in the recordingpart 13 the value corresponding to the rotational
speed and the change rate both found by the operation part 12,
thereby finding the slump value. For example, as presented in

TABLE 1, when the rotational speed is 1.5 rpm and the change rate

12
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is 0.5 sec, the slump value of the ready-mixed concrete is 10
cm.

[0034] Next, the following will describe the control in the
operation part 12 to determine the minimum value Minl and the
maximum value Maxl from the resistance value measured by the use
of the electrodes 11. The flowchart as indicated in Fig. 5 is
repeatedly carried out at a predetermined time interval in the
operation part 12. Accordingly, the operation part 12 can
repeatedly obtain a current resistance value measured by the use
of the electrodes 11, at the predetermined time interval.
[0035] Firstly, a provisional minimum value and a provisional
maximum value are collected from the current resistance value
measured by the use of the electrodes 11 with rotation of the
mixer drum 10 (step S1). In more detail, the current resistance
value measured by the use of the electrodes 11 is compared with
a first boundary value and a second boundary value (both boundary
values are previously recorded in the recording part 13). In this
case, the current resistance value is collected as a provisional
minimum value when smaller than the first boundary value. The
current resistance value is collected as a provisional maximum
value when larger than the second boundary value.

[0036] Subsequently, it 1is determined whether or not the
provisional minimum and maximum values collected at step S1 are
stable (step S2). The operation part 12 repeatedly carries out
the flowchart of Fig. 5 at the predetermined time interval.
Accordingly, the operation part 12 can repeatedly collect the
provisional minimum and maximum values at the predetermined time

interval from the current resistance value measured by the use
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of the electrodes 11. In more detail, it is determined whether
or not the difference between the provisional minimum and maximum
values collected at step S1 is larger than a predetermined value.
Furthermore, it is determined whether or not the provisional
minimum and maximum values remain within respective
predetermined ranges for respective predetermined time periods
(the predetermined wvalues, the predetermined ranges and the
predetermined time periods are previously recorded in the
recording part 13). Thereafter, when it is determined that the
provisional minimum and maximum values are stable, the flowchart
proceeds to step S3. Alternatively, when it is determined that
the provisional minimum and maximum values are not stable, the
operation is finished and provisional minimum and maximum values
are collected again from the resistance value in the next
operation repeated in the operation part 12.

[0037] Next, the minimum value Minl and the maximum value Maxl
for comparison purpose (step S3) are determined. In more detail,
when it is determined at step S2 that the provisional minimum
and maximum values are stable, these provisional minimum and
maximum values are stored as the minimum wvalue Minl and the
maximum value Maxl for comparison purpose respectively.
[0038] Next, the following will describe the control in the
operation part 12 to find the rotational speed and the change
rate. The flowchart of Fig. 6 is repeatedly carried out in the
operation part 12 at a predetermined time interval. Accordingly,
the operation part 12 can repeatedly compare the current
resistance value measured by the use of the electrodes 11 with

the minimum value Minl and maximum value Maxl for comparison
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purpose both of which have been stored at step S3 (refer to Fig.
5), at the predetermined time interval.

[0039] Firstly, the current resistance value is measured by the
use of the electrodes 11 with rotation of the mixer drum 10 (step
S11) . Subsequently, it is determined whether or not the current
resistance value measured by the use of the electrodes 11 has
reached the minimum value Minl for comparison purpose at time
Tl (step S12). When it is determined that the current resistance
value measured by the use of the electrodes 11 has reached the
minimum wvalue Minl for comparison purpose at time T1, the
flowchart proceeds to step S13. Alternatively, when it is
determined that the current resistance value measured by the use
of the electrodes 11 has not reached the minimum value Minl for
comparison purpose at time Tl, the flowchart proceeds to step
S14.

[0040] When the flowchart proceeds to step S13, the rotational
speed of the mixer 10J one period before is found and measurement
of the rotational speed of themixer 10J in a subsequent one period
is started. In more detail, a first counter is provided which
is added with +1 every time the flowchart as indicated in Fig.
6 is repeatedly carried out in the operation part 12 at the
predetermined time interval. The first counter is reset to 0 at
a time (T1l, T5) when the current resistance value has reached
the minimum value Minl for comparison purpose. In other words,
the first counter is reset to 0 every time the mixer drum 10 is
rotated one turn. Accordingly, the rotational speed of the mixer
drum 10 is found as an inverse of the result of multiplication

of the count value immediately before reset of the first counter
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to 0, by a time period where the flowchart of Fig. 6 is carried
out repeatedly in the operation part 12 at the predetermined time
interval. After having been reset to 0, the first counter repeats
addition of +1 at the predetermined time interval to start
measurement of the rotational speed of the mixer 10J in a
subsequent one period.

[0041] When the flowchart proceeds to step S14, it is determined
whether or not the current resistance wvalue has started to
increase from the minimum value Minl for comparison purpose at
time T2. When it is determined that the current resistance value
measured by the use of the electrodes 11 has started to increase
from the minimum value Minl for comparison purpose at time T2,
the flowchart proceeds to step S15. Alternatively, when it is
determined that the current resistance value measured by the use
of the electrodes 11 has not started to increase from the minimum
value Minl for comparison purpose at time T2, the flowchart
proceeds to step Sl6.

[0042] When the flowchart proceeds to step S15, measurement of
a time period until time (T3) when the current resistance value
measured by the use of the electrodes 11 has reached the maximum
value Maxl for comparison purpose. In more detail, a second
counter is provided which is added with +1 every time the
flowchart of Fig. 6 is repeatedly carried out in the operation
part 12, for the time period (T2-T3) from the time (T2) when the
current resistance value has started to increase from the minimum
value Minl for comparison purpose until the time (T3) when the
current resistance value has reached the maximum value Maxl for

comparison purpose. In other words, the addition of +1 to the

16



10

15

20

25

PCT/JP2016/070022

second counter starts at step S15.

[0043] When the flowchart proceeds to step S16, it is determined
whether or not the current resistance wvalue has reached the
maximum value Maxl for comparison purpose at time T3. When it
is determined that the current resistance value measured by the
use of the electrodes 11 has reached the maximum value Maxl for
comparison purpose at time T3, the flowchart proceeds to step
S17. Alternatively, when it i1s determined that the current
resistance value measured by the use of the electrodes 11 has
not reached the maximum value Max1l for comparison purpose at time
T3, the operation is finished and the operation is carried out
again from step S11 in the subsequent operation repeated in the
operation part.

[0044] When the flowchart proceeds to step S17, the change rate
is found. In more detail, operation is carried out to obtain the
time period (T2-T3) fromthe time (T2) when the current resistance
value measured by the use of the electrodes 11 has started to
increase from the minimum value Minl for comparison purpose to
the time (T3) when the current resistance value measured by the
use of the electrodes 11 has reached the maximum value Maxl for
comparison purpose. In other words, the change rate can be found
by multiplying the current value of the second counter which has
started addition of +1 at step S15, by a time period where the
flowchart of Fig. 6 is carried out repeatedly in the operation
part 12 at the predetermined time interval. The second counter
is then reset to 0.

[0045] Next, a slump value corresponding to the rotational speed

and the change rate is found (step S18). In more detail, the slump
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value corresponding to the rotational speed found at step S13
and the change rate found at step S17 is found from the database
recorded in the recording part 13.

[0046] Thus, when the slump value is to be found in the mixer
truck of the first embodiment, the change rate of the resistance
value just need to be measured by the use of one type of electrodes
11. Accordingly, a plurality of types of electrodes 11 need not
be provided. Furthermore, the slump value is found by the use
of the change rate of the resistance value in this mixer truck.
Even if the ready-mixed concrete should harden while being
adherent to the electrodes 11 and the absolute value of the
measured resistance value should be influenced, there would be
almost no influence on the change rate of the resistance value.
As a result, this mixer truck can find the slump value without
influence from the condition around the electrodes 11.

[0047] Accordingly, the mixer truck of the first embodiment can
successfully find the slump value of the ready-mixed concrete
agitated by the mixer drum 10.

[0048] In this mixer truck, furthermore, the operation part 12
finds the change rate of the resistance value from the time period
(T2-T3) in which the resistance value measured by the use of the
electrodes 11 changes from the minimum value Minl to the maximum
value Maxl. As a result, since the minimum value Minl and the
maximum value Maxl of the resistance value are easy to measure
by the use of the electrodes 11 in this mixer truck, the change
rate of the resistance value can easily be found.

[0049] In this mixer truck, furthermore, the operation part 12

finds the rotational speed of the mixer drum 10 from one period
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(T1-T5) of the resistance value measured by the use of the
electrodes 11. As a result, since the rotational speed of the
mixer drum 10 can be measured by the use of the electrodes 11
provided for finding the change rate of the resistance value,
a speed indicator or the like need not be provided separately
in this mixer truck.

[0050] In this mixer truck, furthermore, the recording part 13
records the database storing the rotational speed of the mixer
drum 10, the change rate of the electrical characteristic, and
the slump value found from the rotational speed and the change
rate. Furthermore, the operation part 12 finds the slump value
from the database stored in the recording part 13. As a result,
this mixer truck can easily find the slump value by measuring
the rotational speed of the mixer drum 10 and the change rate
of the electrical characteristic by the use of the electrodes
11 and further by making the measured values correspond to the
rotational speed of the mixer drum 10 and the change rate of the
electrical characteristic recorded in the recording part 13.
[0051] In this mixer truck, furthermore, the change rate of the
electrical characteristic from the state where the electrodes
11 are buried in the ready-mixed concrete until the electrodes
11 are exposed in the space over the ready-mixed concrete is
measured. Accordingly, upon rotation of the mixer drum 10, the
ready-mixed concrete put into the mixer drum 10 is lifted up along
the inner peripheral surface of the mixer drum 10. As a result,
atime period required for theelectrodes 11 rotatedwith rotation
of the mixer drum 10 to be exposed in the space over the

ready-mixed concrete from the inside of the ready-mixed concrete

19



10

15

20

25

PCT/JP2016/070022

is longer than a time period required for the electrodes 11 to
be buried into the ready-mixed concrete from the space over the
ready-mixed concrete. In other words, the longer time period can
be measured where the electrical characteristic changes.
Accordingly, more accurate change rate of the electrical
characteristic can be found.
[0052] <Second Embodiment>

The mixer drum of a second embodiment differs from that of
the first embodiment in the structure of two electrodes 111 and
in that an electrostatic capacity value between the electrodes
111 is measured. The other construction of the mixer truck of
the second embodiment is identical with that of the first
embodiment. Identical or similar parts in the second embodiment
are labeled by the same reference symbols as those in the first
embodiment and detailed description of these parts will Dbe
eliminated.
[0053] Each electrode 111 has a conductor part 60 and an
insulating member 61 as shown in Fig. 7. The conductor part 60
is formed to extend into a cylindrical shape. A surface of the
conductor part 60 of the electrode 111 is covered by the
insulating member 61 in order that the surface of the conductor
part 60 may be prevented from direct contact with the ready—mixed
concrete. The electrodes 111 are each formed to extend into a
cylindrical shape and provided on the middle part of the inner
peripheral surface of the mixer drum 10 in the front-back
direction (not illustrated). Each electrode 111 has a proximal
end abutting against the inner peripheral surface of the mixer

drum 10 and a distal end directed toward the rotational axis 10G
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of the mixer drum 10. Each electrode 111 is provided so that a
center lines 11A thereof is perpendicular to the rotational axis
10G of the mixer drum 10. In other words, the electrodes 111 are
provided so that the center lines 11A are parallel with each
other.

[0054] The electrodes 111 can measure an electrostatic capacity
value therebetween as shown inFig. 8. The electrostatic capacity
value measured by the use of the electrodes 111 assumes a minimum
value Min2 when the electrodes 111 are moved while being
completely exposed in the space over the ready-mixed concrete
(T13-T1l4). The electrostatic capacity value measured by the use
of the electrodes 111 further assumes a maximum value Max2 when
the electrodes 111 are moved while being completely buried in
the ready-mixed concrete (T11-T12). Furthermore, the
electrostatic capacity value is gradually increased from the
minimum value Min2 toward the maximum value Max2 during the time
period (T1l4-T15) inwhich the electrodes 111 change fromthe state
where the electrodes 111 are completely exposed in the space over
the ready—-mixed concrete to the state where the electrodes 111
are completely buried in the ready-mixed concrete. Furthermore,
the electrostatic capacity value is gradually decreased from the
maximum value Max2 toward the minimum value Min2 during the time
period (T1l2-T13) inwhich the electrodes 111 change fromthe state
where the electrodes 111 are completely buried in the ready-mixed
concrete to the state where the electrodes 111 are completely
exposed in the space over the ready-mixed concrete. In other words,
the electrostatic capacity value periodically transits between

the minimum wvalue Min2 and the maximum value Max2 when each
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electrode 111 ismovedon the circumference located near the inner
peripheral surface of themixer drum 10 with rotation of the mixer
drum 10. Thus, the electrostatic capacity value has one period
0of T11-T15, in which period the mixer drum 10 is rotated one turn.
[0055] In the case where the mixer drum 10 is rotated to agitate
the ready-mixed concrete, the rotational speed of the mixer drum
10 is an inverse of one period (T1l1-T1l5) of the electrostatic
capacity value that is measured by the use of the electrodes 111
moved with rotation of themixer drum 10 and periodically changes,
as illustrated in Fig. 8. In other words, the rotational speed
is found by the operation part 12 from the one period (T11-T15)
of the electrostatic capacity value that is a predetermined
electrical characteristic measured by the use of the electrodes
111.

[0056] The change rate is a time period (T1l2-T1l3) from the time
(T1l2) when the periodically changing electrostatic capacity
value measured by the use of the electrodes 111 moved with
rotation of the mixer drum 10 starts to decrease from the maximum
value Max2 to thetime (T13) whenthe electrostatic capacity value
reaches the minimum value Min2. In other words, the operation
part 12 finds the time (T12-T1l3) when the electrostatic capacity
value measured by the use of the electrodes 111 changes from the
maximum value Max2 to the minimum value MinZ2, thereby finding
the change rate. In further other words, the change rate of the
electrostatic capacity value from the state where the electrodes
111 are completely buried in the ready-mixed concrete until the
electrodes 111 are completely exposed in the space over the

ready-mixed concrete is measured. Thus, the rotational speed and
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the change rate can be found by the operation part 12 from the
electrostatic capacity value measured by the use of the
electrodes 111. The slump value can be found by the operation
part 12 from the rotational speed and the found change rate found
by the operation part 12 by the use of the database recorded in
the recording part 13.

[0057] Thus, in the mixer truck of the second embodiment, too,
when the slump value is to be found, the change rate of the
electrostatic capacity value just need to be measured by the use
of the one type of electrodes 111. Accordingly, a plurality of
types of electrodes 111 need not be provided. Furthermore, the
slump wvalue 1s found by the use of the change rate of the
electrostatic capacity value in this mixer truck. Even if the
ready—mixed concrete should harden while being adherent to the
electrodes 111 and the absolute value of the measured resistance
value should be influenced, there would be almost no influence
on the change rate of the electrostatic capacity value. As a
result, this mixer truck can find the slump wvalue without
influence from the condition around the electrodes 111.
[0058] Accordingly, the mixer truck of the second embodiment,
too, can successfully find the slump value of the ready-mixed
concrete agitated by the mixer drum 10.

[0059] In the mixer truck of the second embodiment, furthermore,
the operation part 12 finds the change rate of the electrostatic
capacity value from the time period (T1l2-T13) in which the
electrostatic capacity wvalue measured by the use of the
electrodes 11 changes from the maximum value Max2 to the minimum

value Min2. As a result, since the minimum value Min2 and the
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maximum value Max2 of the electrostatic capacity value are easy
to measure by the use of the electrodes 111 in this mixer truck,
the change rate of the electrostatic capacity value can easily
be found.

[0060] In the mixer truck of the second embodiment, furthermore,
the operation part 12 finds the rotational speed of the mixer
drum 10 from the one period (T1l1l-T1l5) of the electrostatic
capacity value measured by the use of the electrodes 111. As a
result, since the rotational speed of the mixer drum 10 can be
found by the use of the electrodes 111 provided for finding the
change rate of the electrostatic capacity wvalue, a speed
indicator or the like need not be provided separately in this
mixer truck.

[0061] In this mixer truck, furthermore, the recording part 13
records the database storing the rotational speed of the mixer
drum 10, the change rate of the electrical characteristic, and
the slump value found from the rotational speed and the change
rate. Furthermore, the operation part 12 finds the slump value
from the database stored in the recording part 13. As a result,
this mixer truck can easily find the slump value by measuring
the rotational speed of the mixer drum 10 and the change rate
of the electrical characteristic by the use of the electrodes
111 and further by making the measured values correspond to the
rotational speed of the mixer drum 10 and the change rate of the
electrical characteristic recorded in the recording part 13.
[0062] In this mixer truck, furthermore, the change rate of the
electrical characteristic from the state where the electrodes

111 are buried in the ready-mixed concrete until the electrodes
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111 are exposed in the space over the ready-mixed concrete is
measured. Accordingly, upon rotation of the mixer drum 10, the
ready-mixed concrete put into the mixer drum 10 is lifted up along
the inner peripheral surface of the mixer drum 10. As a result,
a time period required for the electrodes 111 rotated with
rotation of the mixer drum 10 to be exposed in the space over
the ready-mixed concrete from the inside of the ready-—mixed
concrete is longer than a time period required for the electrodes
111 to be buried into the ready-mixed concrete from the space
over the ready-mixed concrete. In other words, the longer time
period can be measured where the electrical characteristic
changes. Accordingly, more accurate change rate of the
electrical characteristic can be found.
[0063] <Other Embodiments>

The present invention should not be limited to the first
and the second embodiments described above with reference to the
drawings, but the technical scope of the invention encompasses
the following embodiments, for example.
(1) Although the recording part records the database storing a
plurality of slump values corresponding to the rotational speeds
and the change rates in the first embodiment, the recording part
may record the database storing slump values corresponding to
three types of values, that is, the rotational speed, the change
rate, and a loading amount of ready-mixed concrete. In this case,
the loading amount of ready-mixed concrete is found on the basis
of a ratio of the time when the electrodes are moved in the space
over the ready-mixed concrete to the time when the electrodes

are moved in the ready-mixed concrete. In more detail, when the
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loading amount of ready-mixed concrete differs, an angle changes

which angle is made between an imaginary line connecting a lower
end of the mixer drum to the rotational axis and an imaginary
line connecting each electrode to the rotational axis at the time

when each electrode is completely exposed in the space over the

ready-—mixed concrete from the inside of the ready-mixed concrete.
As a result, the resistance value and the change rate of the

electrostatic capacity value change even if the slump value of

the ready-mixed concrete does not change. Accordingly, a more

accurate slump value can be found by the use of the database added
with data of the loading amount of ready-mixed concrete.

(2) Although the operation part finds the rotational speed in

the first and the second embodiments, the operation part may not

find the rotational speed, and a speed indicator or the like may
be provided to find the rotational speed.

(3) The time period when the resistance value measured by the

use of the electrodes changes from the minimum wvalue to the

maximum value is used as the change rate in the first embodiment.

The change rate should not be limited to this. An intermediate

time period between the time when the resistance value increases

from the minimum value and the time when the resistance value

reaches the maximum value may be used as the change rate.

(4) The time period in which the electrostatic capacity value

measured by the use of the electrodes changes from the maximum
value to theminimum value is used as the change rate in the second
embodiment. The change rate should not be limited to this. An

intermediate time period between the time when the electrostatic

capacity value decreases from the maximum value and the time when

26



10

15

20

25

PCT/JP2016/070022

the electrostatic capacity value reaches the minimum value may
be used as the change rate.

(5) The time period in which the resistance value measured by
the use of the electrodes changes from the minimum value to the
maximum value is used as the change rate in the first embodiment.
The change rate should not be limited to this. The time period
in which the resistance wvalue measured by the use of the
electrodes changes from the maximum value to the minimum value
may be used as the change rate.

(6) The time period in which the electrostatic capacity wvalue
measured by the use of the electrodes changes from the maximum
value to theminimum value is used as the change rate in the second
embodiment. The change rate should not be limited to this. The
time period in which the electrostatic capacity value measured
by the use of the electrodes changes from the minimum value to
the maximum value may be used as the change rate.

(7) Although the rotative force obtained from the engine serving
as a power source of the mixer truck is transmitted to the mixer
drum in the first embodiment, the power source should not be
limited to the engine. The rotative force derived froman electric
motor or the like may serve as the power source.

(8) Although the first embodiment is directed to the mixer truck,
the embodiment should not be limited to the mixer truck. The
embodiment may be directed to amixer including a mixer drum which
is rotatably mounted on a frame installed at work site. In this
case, the rotative force to rotate the mixer drum may be derived
from an electric motor or the like.

Explanation of Reference Symbols
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[0064] 10G ... rotational axis, 10 ... mixer drum, 11 ... electrode,
12 ... operation part, 13 ... recording part, Minl, Min2 ... minimum
value (for comparison purpose), and Maxl, Max2 ... maximum value

(for comparison purpose).
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CLAIMS

1. A mixer comprising:

a mixer drum which has a rotational axis extending in a
lateral direction and into which ready-mixed concrete is put with
a space remaining at an upper side therein;

electrodes provided in the mixer drum so as to be moved on
respective predetermined circumferences about the rotational
axis of the mixer drum with rotation of the mixer drum, thereby
measuring a predetermined electrical characteristic; and

an operation part finding a slump value corresponding to
a rotational speed of the mixer drum in a case where the
ready-mixed concrete 1s agitated and a change rate of the
electrical characteristic measured by use of the electrodes

during the agitation.

2. The mixer according to claim 1, wherein the operation
part finds the change rate of the electrical characteristic from
a time period in which the electrical characteristic measured
by the use of the electrodes changes from a minimum value to a
maximum value or a time period in which the electrical
characteristic measured by the use of the electrodes changes from

a maximum value to a minimum value.

3. The mixer according to claim 1, wherein the operation
part finds a rotational speed of the mixer drum from a one period
of the electrical characteristic measured by the use of the

electrodes.

29



10

PCT/JP2016/070022

4. The mixer according to any one of claims 1 to 3, further
comprising a recording part on which is recorded a database
storing the rotational speed of the mixer drum, the change rate
of the electrical characteristic and the slump value found from
the rotational speed and the change rate,

wherein the operation part finds the slump value from the

database recorded on the recording part.

5. The mixer according to claim 4, wherein the change rate
of the electrical characteristic from a state where the
electrodes are buried in the ready-mixed concrete until the
electrodes are exposed in the space at the upper side over the

ready-mixed concrete is measured.
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