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METHODS AND SYSTEMS FOR HANDLING FRESH CONCRETE BASED ON
HYDRAULIC PRESSURE AND ON RHEOLOGICAL PROBE PRESSURE

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority of U.S. Provisional Patent
Application No. 62/627,880, filed February 8, 2018, which is hereby incorporated by

reference in its entirety.

FIELD

[0002] The improvements generally relate to handling fresh concrete inside a rotating
drum, and more particularly relate to such handling based on hydraulic pressure values

indicative of pressure of a hydraulic fluid used for rotating the drum.

BACKGROUND

[0003] Fresh concrete is formed of a mixture of ingredients including at least cement-based
material and water in given proportions. The ingredients are typically transported inside a

drum of a mixer truck where the fresh concrete can be mixed prior to pouring thereof.

[0004] During handling of the fresh concrete, achieving and/or maintaining a satisfactory
workability is a concern. It is commonplace in the field to obtain an indication of workability
by performing a workability test. The workability can then be adjusted by adding water,

aggregates and/or admixtures to the fresh concrete.

[0005] Some of these workability tests have been standardized such as the slump test
JIS1100, the spread test DIN EN 12350, the slump flow tests ASTMC143 and BS EN12350.
Generally, in these standard workability tests, a person is required to draw a sample of fresh
concrete, manipulate it in a given way and deduce a workability value based on how the fresh

concrete reacts to the manipulations.

[0006] Although such standard workability tests are satisfactory to a certain extent, there
remains room for improvement.
SUMMARY

[0007] Workability determination techniques based on hydraulic pressure values have been

discussed for many years such as in U.S. Patents Nos. 4,900,154, 5,713,663 and 5,752,768. In
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these techniques, the workability of the fresh concrete is based on hydraulic pressure values

indicative of pressure of a hydraulic fluid used for rotating the drum.

[0008] As can be understood, the torque required to rotate the drum depends on the
workability of the fresh concrete inside the drum. For instance, fresh concrete of a higher
workability may be stiffer, which may in turn require a higher torque for rotating the drum at
a given rotation speed. Similarly, fresh concrete of a lower workability may be more fluid,

which may require a lower torque for rotating the drum at the given rotation speed.

[0009] Accordingly, as the pressure of the hydraulic fluid used for rotating the drum is
indicative of the torque required to rotate the drum, the workability of the fresh concrete can
be determined based on the pressure of the hydraulic fluid and on some calibration data for
the hydraulic pressure. However, the calibration data for the hydraulic pressure can vary over
time, can vary as a function of a volume of fresh concrete inside the drum, can vary as a
function of a rotation speed of the drum of the mixer truck and can be specific to each mixer
truck. As such, these calibration data typically have to be determined frequently for each
truck as a function of the volume of fresh concrete inside the drum. Such a calibration
process has been found to be time and resource consuming in addition to the fact that
manipulation errors could account for a substantial bias in the measured workability,

especially when using the standard workability tests mentioned above.

[0010] The inventor found that rheological probes, such as the one described in
International Patent Publication No. WO 2011/042880, can be used to determine the
calibration data of an hydraulic pressure sensor in an efficient way. In one aspect, a probe
pressure value indicative of pressure exerted on the rheological probe mounted inside the
drum and immersed into the fresh concrete is received. A workability value indicative of the
workability of the fresh concrete inside the drum is determined based on the probe pressure
value and on calibration data for the rheological probe. A pressure value indicative of
pressure of the hydraulic fluid used for rotating the drum is received and associated to the

workability value to form the calibration data for the hydraulic pressure.

[0011] As can be understood, the calibration data for the rheological probe is less prone to
variation than the calibration data for the hydraulic pressure as it is the same no matter in
which truck it is installed and irrespective of the volume of fresh concrete inside the drum

when a minimum volume is provided to submerge the rheological probe when at a bottom

o 3.
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position inside the drum. Accordingly, it was found convenient to determine the calibration
data for the hydraulic pressure based, at least on some extent, on the more trustable

calibration data for the rheological probe.

[0012] These calibration steps can be performed for different operating conditions which
can allow workability determination based on hydraulic pressure values for any one of the
operating conditions included in the calibration data. Examples of operating conditions can
include a volume of fresh concrete inside the drum, a rotation speed of the rotating drum, and

the like.

[0013] It is contemplated that, during normal use of the mixer truck, the volume of fresh
concrete inside the drum and/or the rotation speed of the drum will typically vary.
Accordingly, in some embodiments, the calibration data for the hydraulic pressure are
determined on the go during normal use of the mixer truck, which can reduce the time and

resources usually attributed to determining such calibration data.

[0014] In accordance with one aspect, there is provided a method of determining
calibration data for use in determining workability of fresh concrete inside a rotating drum
based on hydraulic pressure, the method comprising the steps of: receiving a probe pressure
value indicative of pressure exerted on a rheological probe mounted inside the drum and
immerged in the fresh concrete; determining a workability value indicative of workability of
the fresh concrete based on the probe pressure value and on calibration data for the
rheological probe; receiving a hydraulic pressure value indicative of pressure of a hydraulic
fluid used for rotating the drum; and determining hydraulic calibration data by associating the

hydraulic pressure value and the workability value to one another.

[0015] In accordance with another aspect, there is provided a system comprising: a frame;
a drum rotatably mounted to the frame for receiving fresh concrete; a driving device mounted
to the frame for driving rotation of the drum using a hydraulic fluid; an hydraulic pressure
sensor mounted to the driving device for measuring pressure of the hydraulic fluid; a
rheological probe mounted inside the drum for measuring pressure exerted onto the
rheological probe at least by resistance due to the movement of the rheological probe in the
fresh concrete by rotation of the drum; and a controller communicatively coupled with the
hydraulic pressure sensor and with the rheological probe, the controller being configured for

performing the steps of: receiving a probe pressure value indicative of pressure exerted on the

o 3.
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rheological probe; determining a workability value indicative of workability of the fresh
concrete based on the probe pressure value and on calibration data for the rheological probe;
receiving a hydraulic pressure value indicative of pressure of the hydraulic fluid; and
determining hydraulic calibration data by associating the hydraulic pressure value and the

workability value to one another.

[0016] In accordance with another aspect, there is provided a method of determining
workability of fresh concrete inside a rotating drum, the method comprising: receiving a
hydraulic pressure value indicative of pressure of a hydraulic fluid used for rotating the drum;
and determining a workability value indicative of workability of the fresh concrete based on
the received hydraulic pressure value and on the hydraulic calibration data as determined

above.

[0017] In accordance with another aspect, there is provided a system comprising: a frame;
a drum rotatably mounted to the frame for receiving fresh concrete; a driving device mounted
to the frame for driving rotation of the drum using a hydraulic fluid; an hydraulic pressure
sensor mounted to the driving device for measuring pressure of the hydraulic fluid; a
controller communicatively coupled with the hydraulic pressure sensor and with the
rheological probe, the controller having the hydraulic calibration data of claim 1 stored
thereon, the controller being configured for performing the steps of: receiving a hydraulic
pressure value indicative of pressure of a hydraulic fluid used for rotating the drum; and
determining a workability value indicative of workability of the fresh concrete based on the

received hydraulic pressure value and on the hydraulic calibration data as determined above.

[0018] In accordance with another aspect, there is provided a method of handling fresh
concrete inside a rotating drum, the method comprising: receiving a probe pressure value
indicative of pressure exerted on a rheological probe mounted inside the drum and immerged
in the fresh concrete; receiving a hydraulic pressure value indicative of pressure of a
hydraulic fluid used for rotating the drum; and handling the fresh concrete based on the probe

pressure value, on the hydraulic pressure value and on corresponding calibration data.

[0019] In accordance with another aspect, there is provided a system comprising: a frame;
a drum rotatably mounted to the frame for receiving fresh concrete; a driving device mounted
to the frame for driving rotation of the drum using a hydraulic fluid; an hydraulic pressure

sensor mounted to the driving device for measuring pressure of the hydraulic fluid; a

o 4.
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rheological probe mounted inside the drum for measuring pressure exerted onto the
rheological probe at least by resistance due to the movement of the rheological probe in the
fresh concrete by rotation of the drum; and a controller communicatively coupled with the
hydraulic pressure sensor and with the rheological probe, the controller being configured for
performing the steps of: receiving a probe pressure value indicative of pressure exerted on a
rheological probe mounted inside the drum and immerged in the fresh concrete; receiving a
hydraulic pressure value indicative of pressure of a hydraulic fluid used for rotating the drum;
and handling the fresh concrete based on the probe pressure value, on the hydraulic pressure

value and on corresponding calibration data.

[0020] In accordance with another aspect, there is provided a method of determining
workability of fresh concrete inside a rotating drum based on pressure, the method
comprising: receiving an input concerning the fresh concrete inside the drum; receiving a
probe pressure value indicative of pressure exerted on a rheological probe mounted inside the
drum and immerged in the fresh concrete; receiving a hydraulic pressure value indicative of
hydraulic pressure of a hydraulic fluid used for rotating the drum; and determining a
workability value indicative of workability of the fresh concrete using one of the probe

pressure value and the hydraulic pressure value based on the received input.

[0021] In accordance with another aspect, there is provided a system comprising: a frame;
a drum rotatably mounted to the frame for receiving fresh concrete; a driving device mounted
to the frame for driving rotation of the drum using a hydraulic fluid; an hydraulic pressure
sensor mounted to the driving device for measuring pressure of the hydraulic fluid; a
rheological probe mounted inside the drum for measuring pressure exerted onto the
rheological probe at least by resistance due to the movement of the rheological probe in the
fresh concrete by rotation of the drum; and a controller communicatively coupled with the
hydraulic pressure sensor and with the rheological probe, the controller being configured for
performing the steps of: receiving an input concerning the fresh concrete inside the drum,;
receiving a probe pressure value indicative of pressure exerted on a rheological probe
mounted inside the drum and immerged in the fresh concrete; receiving a hydraulic pressure
value indicative of hydraulic pressure of a hydraulic fluid used for rotating the drum; and
determining a workability value indicative of workability of the fresh concrete using one of

the probe pressure value and the hydraulic pressure value based on the received input.



10

15

20

25

WO 2019/157172 PCT/US2019/017036

[0022] It will be understood that the expression “computer” as used herein is not to be
interpreted in a limiting manner. It is rather used in a broad sense to generally refer to the
combination of some form of one or more processing units and some form of memory system
accessible by the processing unit(s). Similarly, the expression “controller” as used herein is
not to be interpreted in a limiting manner but rather in a general sense of a device, or of a
system having more than one device, performing the function(s) of controlling one or more

device such as an electronic device or a driving device for instance.

[0023] It will be understood that the various functions of a computer or of a controller can
be performed by hardware or by a combination of both hardware and software. For example,
hardware can include logic gates included as part of a silicon chip of the processor. Software
can be in the form of data such as computer-readable instructions stored in the memory
system. With respect to a computer, a controller, a processing unit, or a processor chip, the
expression “configured to” relates to the presence of hardware or a combination of hardware

and software which is operable to perform the associated functions.

[0024] Many further features and combinations thereof concerning the present
improvements will appear to those skilled in the art following a reading of the instant

disclosure.

DESCRIPTION OF THE FIGURES
[0025] In the figures,
[0026] Fig. 1is a side elevation view of an example of a system for handling fresh concrete

inside a drum of a mixer truck, showing a controller, a rheological probe mounted inside the

drum and a driving device for rotating the drum, in accordance with an embodiment;
[0027] Fig. 21is a sectional view taken along line 2-2 of Fig. 1;

[0028] Fig. 3 is a flowchart of an example of a method for determining calibration data for
use in determining workability of fresh concrete inside a rotating drum based on hydraulic

pressure, in accordance with an embodiment;

[0029] Fig. 4 is a table showing exemplary calibration data for the hydraulic pressure, in

accordance with an embodiment;
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[0030] Fig. 5 is a schematic view of an example of a computing device of the controller of

Fig. 1, in accordance with an embodiment;

[0031] Fig. 6is a schematic view of an example of a software application of the controller
of Fig. 1 being configured to perform the method of Fig. 3, in accordance with an

embodiment;

[0032] Fig. 7 is an example of a graph showing, for two different rotation speeds of a
drum, experimental probe pressure values indicative of pressure exerted on the rheological
probe of Fig. 1 by fresh concrete during a rotation of the drum, with discrepancies for probe
pressure values measured in the vicinity of the bottom of the drum, in accordance with an

embodiment;

[0033] Fig. 8A is a table showing exemplary calibration data for the rheological probe of

Fig. 1, in accordance with an embodiment;

[0034] Fig. 8B is a graph showing exemplary calibration data for the rheological probe of

Fig. 1, for fresh concrete of different viscosities, in accordance with an embodiment;

[0035] Figs. 9A and 9B are tables showing exemplary calibration data for the hydraulic
pressure, for different volume values and different rotation speed values, in accordance with

an embodiment;

[0036] Fig. 10 is a flowchart of an example of a method of handling fresh concrete inside a

rotating drum, in accordance with an embodiment;

[0037] Fig. 11 is a schematic view of an example of a software application of the controller
of Fig. 1 being configured to perform the method of Fig. 10, in accordance with an

embodiment;

[0038] Fig. 12 is a flowchart of a method of determining workability of fresh concrete
inside a rotating drum based either hydraulic pressure or probe pressure, in accordance with

an embodiment;

[0039] Fig. 13 is a schematic view of another example of a software application of the
controller of Fig. 1 being configured to perform the method of Fig. 12, in accordance with an

embodiment;
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[0040] Fig. 14A is a graph showing rotation speed values indicative of rotation speed of a

rotating drum as a function of time, in accordance with an embodiment; and

[0041] Fig. 14B is a graph showing hydraulic pressure values indicative of pressure of a
hydraulic fluid used for rotating a drum as a function of time, in accordance with an

embodiment.

DETAILED DESCRIPTION

[0042] Fig. 1 shows an example of a system 10 for handling fresh concrete 12. As shown,
the system 10 has a frame 13 and a rotating drum 14 which is rotatably mounted to the frame
13. In this specific example, the frame 13 is part of a mixer truck 16. As such, the drum 14
can be rotated about a rotation axis 18 which is at least partially horizontally-oriented relative

to the vertical 20.

[0043] The system 10 has a driving device 21 mounted to the frame 13 for driving rotation
of the drum 14 using a hydraulic fluid. In this example, the hydraulic fluid can be oil (e.g.,
mineral oil), water and the like. A hydraulic pressure sensor 23 is mounted to the driving
device 21 for measuring pressure of the hydraulic fluid as it is used to drive rotation of the

drum 14.

[0044] As depicted, the system 10 has a rheological probe 22 mounted inside the drum 14
for measuring pressure exerted onto the rheological probe 22 at least by resistance due to the

movement of the rheological probe 22 in the fresh concrete 12 by rotation of the drum 14.

[0045] As best seen in Fig. 2, the rheological probe 22 extends in a radial orientation 24 of
the drum and reaches a plurality of circumferential positions © as the drum 14 rotates about
the rotation axis 18. In this way, the rheological probe 22 can be used to measure probe
pressure values as the rheological probe 22 is moved circumferentially in the fresh

concrete 12 by the rotation of the drum 14 about the rotation axis 18.

[0046] More specifically, in this illustrated example, the rheological probe 22 is at a
circumferential position © of 0° when at the top of the drum 14, at a circumferential position
of 90° when at the right of the drum 14, at a circumferential position of 180° when at the
bottom of the drum 14, and at a circumferential position of 270° when at the left of the

drum 14. Such definition of the circumferential positions © is exemplary only as the



10

15

20

25

WO 2019/157172 PCT/US2019/017036

circumferential positions © could have been defined otherwise depending on the

embodiment.

[0047] A potential example of the rheological probe 22 is described in International Patent
Publication No. WO 2011/042880.

[0048] Referring back to Fig. 1, the system 10 has a controller 26 which is
communicatively coupled at least with the hydraulic pressure sensor 23 and with the
rheological probe 22. The communication between the controller 26 and the driving
device 21 can be provided by a wireless connection, a wired connection, or a combination
thereof. Similarly, the communication between the controller 26 and the rheological probe 22

can be provided by a wireless connection, a wired connection, or a combination thereof.

[0049] In this specific embodiment, the system 10 has a user interface 28 which is
communicatively coupled with the controller 26. As can be understood, the user interface 28
can be used to receive inputs and/or display data. Examples of inputs that can be received via
the user interface 28 can include an indication of a viscosity (e.g., type of, viscosity value,
viscosity range) of the fresh concrete 12 inside the drum 14, an indication of a volume of
fresh concrete 12 inside the drum and/or an indication of a rotation speed of the drum 14.
Examples of data that can be displayed by the user interface 28 can include pressure probe
values received from the rheological probe 22, hydraulic pressure values received from the
hydraulic sensor 23, and/or workability values indicative of the workability of the fresh

concrete 12 inside the drum as determined using the methods described herein.

[0050] Fig. 3 shows an example of a method 300 of determining calibration data for use in
determining workability of the fresh concrete 12 inside the rotating drum 14 based on
hydraulic pressure. As can be understood, the method 300 can be performed by the controller

26 and is described with reference to the system 10 of Fig. 1 for ease of reading.

[0051] At step 302, the controller 26 receives a first probe pressure value Ppl indicative of
pressure exerted on the rheological probe 22 mounted inside the drum 14 and immerged in

the fresh concrete 12.

[0052] At step 304, the controller 26 determines a first workability value W1 indicative of

workability of the fresh concrete 12 inside the drum 14 based on the first probe pressure
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value Ppl and on calibration data for the rheological probe 22, conveniently referred to as

probe calibration data (Ppi, Wi) herein.

[0053] At step 300, the controller 26 receives a first hydraulic pressure value Phl
indicative of pressure of the hydraulic fluid used for rotating the drum 14 from the hydraulic

pressure sensor 23.

[0054] At step 308, the controller 26 determines hydraulic sensor calibration data (Phl,
W1) by associating the first hydraulic pressure value Phl and the first workability value W1

to one another.

[0055] In some embodiments, the steps 302, 304, 306 and 308 are repeated a number i of
times, with 1 being an integer greater than the unity, when the drum 14 is loaded with fresh
concrete of different workability values Wi so as to determine calibration data for the
hydraulic pressure, conveniently referred to as hydraulic calibration data (Phi, Wi) herein. An

example of the hydraulic calibration data (Phi, Wi) is shown in Fig. 4.

[0056] Accordingly, as can be understood, when the hydraulic calibration data (Phi, Wi)
have been previously determined using the method 300, the workability value Wi of the fresh
concrete 12 inside the drum 14 can be determined at least based on the hydraulic pressure
value Phi received from the hydraulic pressure sensor 23. For instance, when a given
hydraulic pressure Ph3, is received, the workability value can be determined to be the
workability value W3 which is associated to the given hydraulic pressure Ph3 in the hydraulic

calibration data (Phi, W1i), and so forth.

[0057] In some embodiments, the steps 302, 304, 306 and 308 are performed for given
operating conditions A of the mixer truck 16, in which case hydraulic calibration data (Phi,
Wi)a are determined by associating the workability value Wi, the hydraulic pressure value

Phi and the given operating conditions A to one another.

[0058] The method 300 can also include a step of repeating the steps 302, 304, 306
and 308 for different operating conditions so as to determine hydraulic calibration data for
each one of these different operating conditions. For instance, hydraulic calibration data (Phi,
Wi)a can be determined when the steps 302, 304, 306 and 308 are performed for first
operating conditions A, hydraulic calibration data (Phi, Wi)s can be determined when the

steps 302, 304, 306 and 308 are performed for second operating conditions B, and so forth.

-10 -
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[0059] Accordingly, when the hydraulic calibration data (Phi, Wi)a, (Phi, Wi)s, etc. have
been previously determined using the method 300, the workability value Wi of the fresh
concrete 12 inside the drum 14 can be determined based on the hydraulic pressure value Phi
received from the hydraulic pressure sensor 23 and on the operating conditions A, B, etc. as

determined using the controller 26 and/or received using the user interface 28.

[0060] Examples of such operating conditions can include an indication of the viscosity of
the fresh concrete inside the drum (e.g., normal fresh concrete, high strength fresh concrete,
viscosity value or range), an indication of a volume of fresh concrete inside the drum 14

and/or an indication of a rotation speed at which the drum 14 is rotated. Other embodiments

may apply.

[0061] As can be understood, the method 300 can be performed during normal use of the
mixer truck 16. More specifically, the method 300 can be performed at given moments in
time during normal use of the mixer truck 16. For instance, the method 300 can be performed
after departing from a batching plant when the drum 14 is loaded with a given volume of
fresh concrete, after discharging a given volume of the fresh concrete at a pour location,
during mixing of the fresh concrete and the like. Performing the method 300 during normal
use of the mixer truck 16 can allow to determine hydraulic calibration data for different
operating conditions, which can later be used to determine workability based on hydraulic
pressure values. In this way, determining the hydraulic calibration data associated to the

mixer truck 16 may not necessarily require off time.

[0062] The controller 26 can be provided as a combination of hardware and software
components. The hardware components can be implemented in the form of a computing
device 500, an example of which is described with reference to Fig. 5. Moreover, the
software components of the controller 26 can be implemented in the form of one or more

software applications, examples of which are described with reference to Figs. 6, 11 and 13.

[0063] Referring to Fig. 5, the computing device 500 can have a processor 502, a
memory 504, and /O interface 506. Instructions 508 for performing one or more computer-
implemented methods, such as any of the methods described herein, can be stored on the

memory 504 and accessible by the processor 502.

[0064] The processor 502 can be, for example, a general-purpose microprocessor or

microcontroller, a digital signal processing (DSP) processor, an integrated circuit, a field

-11 -
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programmable gate array (FPGA), a reconfigurable processor, a programmable read-only

memory (PROM), or any combination thereof.

[0065] The memory 504 can include a suitable combination of any type of computer-
readable memory that is located either internally or externally such as, for example, random-
access memory (RAM), read-only memory (ROM), compact disc read-only memory
(CDROM), electro-optical memory, magneto-optical memory, erasable programmable read-
only memory (EPROM), and electrically-erasable programmable read-only memory

(EEPROM), Ferroelectric RAM (FRAM)) or the like.

[0066] Each I/O interface 506 enables the computing device 500 to interconnect with one
or more input devices, such as the driving device 21, the hydraulic pressure sensor 23, the
rheological probe 22 and/or the user interface 28, or with one or more output devices such as

the driving device 21 and/or the user interface 28.

[0067] Each I/O interface 506 enables the computing device 500 to communicate with
other components, to exchange data with other components, to access and connect to network
resources, to serve applications, and perform other computing applications by connecting to a
network (or multiple networks) capable of carrying data including the Internet, Ethernet,
plain old telephone service (POTS) line, public switch telephone network (PSTN), integrated
services digital network (ISDN), digital subscriber line (DSL), coaxial cable, fiber optics,
satellite, mobile, wireless (e.g., Wi-Fi, WiMAX), SS7 signaling network, fixed line, local

area network, wide area network, and others, including any combination of these.

[0068] Fig. 6 shows an example of a software application 600 used to perform the
method 300 of Fig. 3. As shown, the software application 600 includes a workability
determination module 610 and a calibration module 620 communicatively coupled to one

another.

[0069] As shown, the workability determination module 610 receives a first probe pressure

value Ppl.

[0070] The first probe pressure value Ppl can be received directly from the rheological
probe 22. However, the first probe pressure value Ppl can also result from processing of
signal and/or data received from the rheological probe 22. An example of data received from

the rheological probe 22 is shown in Fig. 7.

-12 -
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[0071] More specifically, Fig. 7 shows an example of an experimental relationship
between probe pressure values Pp as a function of its circumferential position when the
rheological probe 22 is submerged into the fresh concrete 12 during a single rotation of the

drum 14.

[0072] In some embodiments, the first probe pressure value Ppl corresponds to one of the
probe pressure values Pp associated to a given circumferential position ©. For instance, the
first probe pressure value Pp1 received can correspond to the probe pressure value associated

to the circumferential position © = 90°.

[0073] In some other embodiments, the first probe pressure value Ppl corresponds to an
average of the probe pressure values Pp of a given circumferential range AO. For instance,
the first probe pressure value Ppl can correspond to an average of the probe pressure values

Pp ranging between © = 90° and © = 112.5°.

[0074] As depicted, the probe pressure values Pp measured when the rheological probe 22
is in the vicinity of the bottom of the drum, i.e., near the circumferential position © = 180°,
have some discrepancies 30 from what would be theoretically expected. These discrepancies
30 can stem from some movement of the fresh concrete along the rotation axis 18 of the drum
14 due to the mixing blade action which reduces the pressure on the rheological probe 22.
Accordingly, the first probe pressure value Ppl can be based on probe pressure value(s)
measured when the rheological probe 22 is in the vicinity of the bottom of the drum 14 as it
can allow a larger range of volume for which calibration data can be determined. In this case,
the rheological probe 22 may be less affected by changes in the rotation speed of the drum
14. The first probe pressure value Ppl can be based on probe pressure value(s) measured

when the rheological probe 22 is at other circumferential positions in other embodiments.

[0075] In alternate embodiments, the first probe pressure value Ppl can also stem from

probe pressure values Pp taken during different rotations of the drum 14.

[0076] Referring back to Fig. 6, once the first probe pressure value Ppl is received, the
workability determination module 610 determines the first workability value W1 associated

to the first probe pressure value Pp1 based on the probe calibration data (Ppi, Wi).

[0077] As can be understood, the probe calibration data (Ppi, Wi) are stored on a memory

accessible by the controller 26. For instance, in some embodiments, the probe calibration data
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(Ppi, Wi) can be stored on the memory 504 of the computing device 500. In some other
embodiments, the probe calibration data (Ppi, Wi) are stored on a remote memory which is

accessible via a network such as the Internet, for instance.

[0078] An example of probe calibration data (Ppi, Wi) is shown in Fig. 8A. Although the
illustrated probe calibration data (Ppi, Wi) are provided in the form of a lookup table, the
probe calibration data (Ppi, Wi) can be provided in the form of a mathematical relation or any

other suitable form.

[0079] The workability determination module 610 may have access to a number j of sets of
probe calibration data (Ppi, Wi); associated to different operating conditions, with j being an

integer greater than the unity, examples of which are shown in Fig. 8B.

[0080] More specifically, Fig. 8B shows first and second probe calibration data (Ppi, Wi)v1
and (Ppi, Wi which are associated to different types of fresh concrete. For instance, in this
example, the first probe calibration data (Ppi, Wi)v1 are associated to a normal fresh concrete
(i.e., fresh concrete having a normal viscosity v1) whereas the second probe calibration data
(Pp1, Wi)y2 are associated to high strength fresh concrete (i.e., fresh concrete having a higher

than normal viscosity v2, with v2 > v1).

[0081] As such, when it is determined that the fresh concrete 12 inside the drum 14 is a
high strength fresh concrete, the workability determination module 610 can determine the
first workability value W1 based on the probe calibration data (Ppi, Wi)v2 rather than on the

probe calibration data (Ppi, Wi)v1, for instance.

[0082] Referring back to Fig. 6, the workability determination module 610 may receive an
input 630 which indicates which one of the sets of probe calibration data (Ppi, Wi); should be
used in the determination of the first workability value W1. For instance, the received
input 630 may be indicative that the fresh concrete 12 inside the drum 14 is a high strength
fresh concrete, in which case the workability determination module 610 may select the
second probe calibration data (Ppi, Wiz of Fig. 8B for the determination of the first
workability value W1.

[0083] Once the first workability value W1 is determined, the workability determination

module 610 communicates it to the calibration module 620.
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[0084] As shown, the workability determination module 610 receives a first hydraulic

pressure value Phl.

[0085] The first hydraulic pressure value Phl can be received directly from the hydraulic
pressure sensor 23. However, the first hydraulic pressure value Phl can also result from

processing of signal and/or data received from the hydraulic pressure sensor 23.

[0086] Once the first workability value W1 and the first hydraulic probe pressure Phl are
received, the calibration module 620 determines hydraulic calibration data (Phl, W1) by
associating the first hydraulic probe pressure Phl and the first workability value W1 to one

another.

[0087] As mentioned above, hydraulic calibration data (Phi, Wi) such as shown in Fig. 4
can be determined by repeating the method 300 a number i of times when the drum 14 is

loaded with fresh concrete of different workability values Wi.

[0088] Accordingly, as can be understood, when the hydraulic calibration data (Phi, Wi)
have been so-determined, the workability value Wi of the fresh concrete 12 inside the
drum 14 can be determined at least based on a hydraulic pressure value Phi received directly

or indirectly from the hydraulic pressure sensor 23.

[0089] As mentioned above, hydraulic calibration data (Phi, Wi) can be determined for

different operating conditions.

[0090] For instance, in some embodiments, the calibration module 620 can receive a
rotation speed value Vri indicative of a rotation speed of the drum 14. In these embodiments,
the calibration module 620 can determine hydraulic calibration data (Phi, Vri, Wi) by
associating the hydraulic pressure value Phi, the rotation speed value Vri, and the workability

value W1 to one another.

[0091] In some other embodiments, the calibration module 620 can receive a volume value
Vi indicative of a volume of the fresh concrete 12 inside the drum 14. In these embodiments,
the calibration module 620 can determine hydraulic calibration data (Phi, Vi, Wi) by
associating the hydraulic pressure value Phi, the volume value Vi, and the workability value

Wi to one another.
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[0092] In alternate embodiments, the calibration module 620 can receive both a volume
value Vi indicative of a volume of the fresh concrete 12 inside the drum 14 and a rotation
speed value Vri indicative of a rotation speed of the drum 14. In such embodiments, the
calibration module 620 can determine hydraulic calibration data (Phi, Vi, Vri, Wi) by
associating the hydraulic pressure value Phi, the volume value Vi, the rotation speed value
Vri, and the workability value Wi to one another. Figs. 9A and 9B show an example of
hydraulic calibration data (Phi, Vi, Vri, Wi) by way of hydraulic calibration data (Phi, Vi,
Wi)vr and (Phi, Vi, Wi)vn.

[0093] As can be understood, the rotation speed value Vri and/or the volume value Vi can
be determined upon processing signal and/or data received from the rheological probe 22. For
instance, referring back to the graph of Fig. 7, the volume value Vi can be determined based
on a difference between a first circumferential position ©1 at which the rheological probe
enters in the fresh concrete 12 and a second circumferential position ©2 at which the

rheological probe 22 exits the fresh concrete 12.

[0094] Fig. 10 shows an example of a method 1000 for handling fresh concrete. As can be
understood, the method 1000 can be performed by the controller 26 and is described with

reference to the system 10 of Fig. 1 for ease of reading.

[0095] At step 1002, the controller 26 receives a probe pressure value Pp indicative of
pressure exerted on the rheological probe 22 mounted inside the drum 14 and immerged in

the fresh concrete 12.

[0096] At step 1004, the controller 26 receives a hydraulic pressure value Ph indicative of

pressure of the hydraulic fluid used for rotating the drum 14.

[0097] In some embodiments, at step 1006, the controller 26 determines a workability
value W indicative of workability of the fresh concrete 12 based on the probe pressure value

Pp and on the hydraulic pressure value Ph.

[0098] At step 1008, the controller 26 handles the fresh concrete 12 based on the probe
pressure value Pp and on the hydraulic pressure value Ph or optionally on the workability

value W.
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[0099] For instance, the fresh concrete 12 can be handled by adding ingredients to the fresh
concrete 12, by maintaining mixing of the fresh concrete 12 and/or by pouring the fresh

concrete 12.

[00100] Fig. 11 shows an example of a software application 1100 used to perform the
method 1000 of Fig. 10. As shown, the software application 1100 includes a fresh concrete
handling module 1110.

[00101] The fresh concrete handling module 1110 receives a hydraulic pressure value Ph
and a probe pressure value Pp and determines instructions 1120 to handle the fresh concrete
12 inside the drum 14 based on the received hydraulic pressure value Ph and on the received

probe pressure value Pp.

[00102] In some embodiments, the fresh concrete handling module 1110 includes a
workability determination module which is configured to determine a workability value W of
the fresh concrete 12 inside the drum 14 based on the hydraulic pressure value Ph and on the
probe pressure value Pp. In these embodiments, the workability value can be determined
using either one or both of the probe calibration data (Ppi, Wi) and the hydraulic calibration
data (Phi, Wi).

[00103] In alternate embodiments, the fresh concrete handling module 1110 may generate
an alert when a first workability value determined using the probe pressure value Pp and the
probe calibration data (Ppi, Wi) differs from a second workability value determined using the
hydraulic pressure value Ph and the hydraulic calibration data (Pph, Wi) by more than a

tolerance value.

[00104] Fig. 12 shows an example of a method 1200 for handling fresh concrete. As can be
understood, the method 1200 can be performed by the controller 26 and is described with

reference to the system 10 of Fig. 1 for ease of reading.

[00105] At step 1202, the controller 26 receives an input concerning the fresh concrete 12
inside the drum 14. The input can be received via the rheological probe 22, the hydraulic

pressure sensor 23 and/or the user interface 28.
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[00106] At step 1204, the controller 26 receives a probe pressure value Pp indicative of
pressure exerted on the rheological probe 22 mounted inside the drum 14 and immerged in

the fresh concrete 12.

[00107] At step 1206, the controller 26 receives a hydraulic pressure value indicative of

hydraulic pressure of the hydraulic fluid used for rotating the drum 14,

[00108] At step 1208, the controller 26 determines a workability value indicative of
workability of the fresh concrete 12 using one of the probe pressure value Pp and the

hydraulic pressure value Ph based on the received input.

[00109] Fig. 13 shows an example of a software application 1300 used to perform the
method 1200 of Fig. 12. As shown, the software application 1300 includes a workability

determination module 1310.

[00110] As shown, the workability determination module 1310 receives an input 1330, a

hydraulic pressure value Ph and a probe pressure value Pp.

[00111] Depending on the input 1330, the workability determination module 1310 is
configured to determine a workability value W based either on the probe pressure value Pp or

the hydraulic pressure value Ph, and the corresponding calibration data.

[00112] In some other embodiments, the input 1330 is indicative of rotation speed data
indicative of a rotation speed of the drum 14 over time. In these embodiments, the
workability determination module 1310 determines the workability value W using the
hydraulic pressure value Ph and the corresponding calibration data (Phi, Wi) upon detecting a
sudden change during a single rotation of the drum 14 in the rotation speed data. Such sudden
changes in the rotation speed data are shown at 1400 in Fig. 14A, for instance. Such a sudden
change can be a sudden increase and/or a sudden decrease of the rotation speed of the drum

14.

[00113] In these embodiments, the fact that there are one or more sudden changes of the
rotation speed of the drum 14 is indicative that the fresh concrete 12 has a low viscosity in
which case the workability value W can be best determined using the hydraulic pressure

value Ph and the hydraulic calibration data (Phi, Wi).
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[00114] Such sudden variations of the rotation speed of the drum 14 can result from the
fresh concrete being so stiff that some portions thereof stick on the inner wall of the drum as
it rotates, which causes these portions to be carried upwards and to then fall back towards the

bottom of the drum, which can cause the rotation speed of the drum to suddenly vary.

[00115] In some embodiments, the input 1330 is indicative of a viscosity value v of the
fresh concrete 12 inside the drum. In these embodiments, the workability determination
module 1310 determines the workability value W using the hydraulic pressure value Ph and
the corresponding calibration data (Phi, Wi) when the viscosity value v of the fresh

concrete 12 exceeds a viscosity threshold value vth.

[00116] In alternate embodiments, the input 1330 is indicative of hydraulic pressure data
indicative of the hydraulic pressure of the hydraulic fluid over time. In these embodiments,
the workability determination module 1310 determines the workability value W using the
probe pressure value Pp and the corresponding calibration data (Ppi, Wi) when the when the
hydraulic pressure data vary smoothly. In these embodiments, using the probe pressure value
Pp and the corresponding calibration data (Ppi, Wi) can provide more precision as the
rheological probe 22 is generally more precise than the hydraulic pressure sensor 23. An

example of a smooth hydraulic pressure variation is shown at Fig. 14B.

[00117] As can be understood, the examples described above and illustrated are intended to
be exemplary only. For instance, the drum does not need to be rotatably mounted to a mixer
truck. For instance, the drum can be part of a stationary concrete mixer such as those
provided in concrete production plants. In some alternate embodiments, the rheological probe
can be any type of internal probe, i.e., any probe which is mounted inside the drum. The

scope is indicated by the appended claims.
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WHAT IS CLAIMED IS:

1. A method of determining calibration data for use in determining workability of fresh
concrete inside a rotating drum based on hydraulic pressure, the method comprising the steps

of

receiving a probe pressure value indicative of pressure exerted on a rheological probe

mounted inside the drum and immerged in the fresh concrete;

determining a workability value indicative of workability of the fresh concrete based

on the probe pressure value and on calibration data for the rheological probe;

receiving a hydraulic pressure value indicative of pressure of a hydraulic fluid used for

rotating the drum; and

determining hydraulic calibration data by associating the hydraulic pressure value and

the workability value to one another.

2. The method of claim 1 wherein said steps of receiving the probe pressure value,
determining the workability value, and receiving the hydraulic pressure value are performed
for given operating conditions, said determining including determining the hydraulic
calibration data by associating the hydraulic pressure value, the workability value and the

given operating conditions to one another.

3. The method of claim 2 further comprising repeating the steps of receiving the probe
pressure value, determining the workability value, receiving the hydraulic pressure value, and

determining the hydraulic calibration data for different operating conditions.

4. The method of claim 2 wherein said given operating conditions include a volume value

indicative of a volume of the fresh concrete inside the drum.

5. The method of claim 4 further comprising receiving a volume value indicative of a volume
of the fresh concrete inside the drum, said determining the hydraulic calibration data
including associating the hydraulic pressure value, the volume value and the workability

value to one another.

6. The method of claim 2 wherein said operating conditions include a rotation speed value

indicative of a rotation speed of the rotating drum.
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7. The method of claim 6 further comprising receiving a rotation speed value indicative of a
rotation speed of the rotating drum, said determining the hydraulic calibration data including
associating the hydraulic pressure value, the rotation speed value and the workability value to

one another.

8. The method of claim 1 wherein the rotating drum is rotatably mounted to a mixer truck, the

method being performed during normal use of the mixer truck.
9. A system comprising:
a frame;
a drum rotatably mounted to the frame for receiving fresh concrete;

a driving device mounted to the frame for driving rotation of the drum using a

hydraulic fluid,

an hydraulic pressure sensor mounted to the driving device for measuring pressure of

the hydraulic fluid,

a rheological probe mounted inside the drum for measuring pressure exerted onto the
rheological probe at least by resistance due to the movement of the rheological

probe in the fresh concrete by rotation of the drum; and

a controller communicatively coupled with the hydraulic pressure sensor and with the

rheological probe, the controller being configured for performing the steps of’

receiving a probe pressure value indicative of pressure exerted on the

rheological probe;

determining a workability value indicative of workability of the fresh concrete
based on the probe pressure value and on calibration data for the

rheological probe;

receiving a hydraulic pressure value indicative of pressure of the hydraulic

fluid; and

determining hydraulic calibration data by associating the hydraulic pressure

value and the workability value to one another.
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10. The system of claim 1 wherein said steps of receiving the probe pressure value,
determining the workability value, and receiving the hydraulic pressure value are performed
for given operating conditions, said determining including determining the hydraulic
calibration data by associating the hydraulic pressure value, the workability value and the

given operating conditions to one another.

11. The system of claim 10 wherein the controller is configured for repeating the steps of
receiving the probe pressure value, determining the workability value, receiving the hydraulic
pressure value, and determining the hydraulic calibration data for different operating

conditions.

12. The system of claim 10 wherein said given operating conditions include a volume value

indicative of a volume of the fresh concrete inside the drum.

13. The system of claim 12 wherein the controller is configured for receiving a volume value
indicative of a volume of the fresh concrete inside the drum, said determining the hydraulic
calibration data including associating the hydraulic pressure value, the workability value and

the volume value to one another.

14. The system of claim 10 wherein said operating conditions include a rotation speed value

indicative of a rotation speed of the rotating drum.

15. The system of claim 14 wherein the controller is configured for receiving a rotation speed
value indicative of a rotation speed of the rotating drum, said determining the hydraulic
calibration data including associating the hydraulic pressure value, the workability value and

the rotation speed value to one another.
16. The system of claim 9 wherein the rotating drum is rotatably mounted to a mixer truck.

17. A method of determining workability of fresh concrete inside a rotating drum, the method

comprising:

receiving a hydraulic pressure value indicative of pressure of a hydraulic fluid used for

rotating the drum; and

0D
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determining a workability value indicative of workability of the fresh concrete based
on the received hydraulic pressure value and on the hydraulic calibration data of

claim 1.
18. A system comprising:
a frame;
a drum rotatably mounted to the frame for receiving fresh concrete;

a driving device mounted to the frame for driving rotation of the drum using a

hydraulic fluid,

an hydraulic pressure sensor mounted to the driving device for measuring pressure of

the hydraulic fluid,

a controller communicatively coupled with the hydraulic pressure sensor and with the
rheological probe, the controller having the hydraulic calibration data of claim 1

stored thereon, the controller being configured for performing the steps of:

receiving a hydraulic pressure value indicative of pressure of a hydraulic fluid

used for rotating the drum; and

determining a workability value indicative of workability of the fresh concrete
based on the received hydraulic pressure value and on the hydraulic

calibration data of claim 1.
19. A method of handling fresh concrete inside a rotating drum, the method comprising:

receiving a probe pressure value indicative of pressure exerted on a rheological probe

mounted inside the drum and immerged in the fresh concrete;

receiving a hydraulic pressure value indicative of pressure of a hydraulic fluid used for

rotating the drum; and

handling the fresh concrete based on the probe pressure value, on the hydraulic

pressure value and on corresponding calibration data.
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20. The method of claim 19 wherein said handling includes determining a workability value
indicative of workability of the fresh concrete based on the probe pressure value and on the
hydraulic pressure value, wherein said handling the fresh concrete is based on the workability

value of the fresh concrete inside the drum.

21. The method of claim 19 wherein said handling the fresh concrete includes adding

ingredients to the fresh concrete.

22. The method of claim 19 wherein said handling the fresh concrete includes pouring the

fresh concrete.
23. A system comprising:
a frame;
a drum rotatably mounted to the frame for receiving fresh concrete;

a driving device mounted to the frame for driving rotation of the drum using a

hydraulic fluid,

an hydraulic pressure sensor mounted to the driving device for measuring pressure of

the hydraulic fluid,

a rheological probe mounted inside the drum for measuring pressure exerted onto the
rheological probe at least by resistance due to the movement of the rheological

probe in the fresh concrete by rotation of the drum; and

a controller communicatively coupled with the hydraulic pressure sensor and with the

rheological probe, the controller being configured for performing the steps of’

receiving a probe pressure value indicative of pressure exerted on a rheological

probe mounted inside the drum and immerged in the fresh concrete;

receiving a hydraulic pressure value indicative of pressure of a hydraulic fluid

used for rotating the drum; and

handling the fresh concrete based on the probe pressure value, on the hydraulic

pressure value and on corresponding calibration data.
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24. The system of claim 23 wherein said handling includes determining a workability value
indicative of workability of the fresh concrete based on the probe pressure value and on the
hydraulic pressure value, wherein said handling the fresh concrete is based on the workability

value of the fresh concrete inside the drum.

25. A method of determining workability of fresh concrete inside a rotating drum based on

pressure, the method comprising:
receiving an input concerning the fresh concrete inside the drum;

receiving a probe pressure value indicative of pressure exerted on a rheological probe

mounted inside the drum and immerged in the fresh concrete;

receiving a hydraulic pressure value indicative of hydraulic pressure of a hydraulic

fluid used for rotating the drum; and

determining a workability value indicative of workability of the fresh concrete using
one of the probe pressure value and the hydraulic pressure value based on the

received input.

26. The method of claim 25 wherein the input indicates a viscosity value indicative of a

viscosity of the fresh concrete.

27. The method of claim 26 wherein said determining the workability value includes
determining the workability value using the hydraulic pressure value when the viscosity value

of the fresh concrete exceeds a viscosity threshold value.

28. The method of claim 25 wherein the input indicates rotation speed data indicative of a

rotation speed of the rotating drum over time.

29. The method of claim 28 wherein said determining the workability value includes
determining the workability value using the hydraulic pressure value upon detecting a sudden

change during a single rotation of the drum in the rotation speed data.

30. The method of claim 25 wherein the input indicates hydraulic pressure data indicative of

the hydraulic pressure over time.
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31. The method of claim 30 wherein said determining the workability value includes
determining the workability value using the probe pressure value when the hydraulic pressure

data vary smoothly.
32. A system comprising:
a frame;
a drum rotatably mounted to the frame for receiving fresh concrete;

a driving device mounted to the frame for driving rotation of the drum using a

hydraulic fluid,

an hydraulic pressure sensor mounted to the driving device for measuring pressure of

the hydraulic fluid,

a rheological probe mounted inside the drum for measuring pressure exerted onto the
rheological probe at least by resistance due to the movement of the rheological

probe in the fresh concrete by rotation of the drum; and

a controller communicatively coupled with the hydraulic pressure sensor and with the

rheological probe, the controller being configured for performing the steps of’
receiving an input concerning the fresh concrete inside the drum;

receiving a probe pressure value indicative of pressure exerted on a rheological

probe mounted inside the drum and immerged in the fresh concrete;

receiving a hydraulic pressure value indicative of hydraulic pressure of a

hydraulic fluid used for rotating the drum; and

determining a workability value indicative of workability of the fresh concrete
using one of the probe pressure value and the hydraulic pressure value

based on the received input.
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