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WIRELESS TEMPERATURE SENSOR FOR CONCRETE DELIVERY VEHICLE

Cross Reference to Related Applications

[0001] This application is related to pending U.S. Application Serial No. 10/599,130,
which was filed February 14, 2005 as a PCT Application designating the United States
claiming priority to U.S. Provisional Application 60/554,720, and which subsequently entered
the U.S. National Phase and is now pending, and is related to U.S. Application Serial No.
11/764,832, filed June 19, 2007, and is related to U.S. Application Serial No. 11/834,002, filed

August 5, 2007. All of the above-mentioned applications are hereby incorporated by reference.

Field of the Invention

[0002] The present invention generally relates to instrumentation used on delivery
vehicles and particularly to mobile concrete mixing trucks that mix and deliver concrete. More
specifically, the present invention relates to the gathering of temperature data using a sensor

mounted to the drum on a concrete truck.

Background of the Invention

[0003] Mobile concrete mixing trucks are used to mix concrete and to deliver that
concrete to a site where the concrete may be required. Generally, the particulate concrete
ingredients are loaded at a central depot, and liquid component is added at the central depot and
while in transit. The liquid component traditionally includes water, but in more modern
applications may also include chemical additives of various types.

[0004] A number of patent filings have explored the possibility for monitoring the

mixing of concrete, or controlling the process of adding liquid component.
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[0005] Zandberg et al., U.S. Patent No. 5,713,663 (the 663 patent), the disclosure of
which is hereby incorporated herein by reference, describes a method and apparatus of
measuring slump of concrete in a mixing barrel from the driving force required to rotate the
mixing barrel. The system monitors the torque loading on the driving means used to rotate the
mixing barrel, and adds liquid component in attempt to approach a predetermined minimum
torque loading related to the amount of the particulate ingredients in the drum.

[0006] Buckelew et al., U.S. Patent No. 6,484,079 (the 079 patent), the disclosure of
which is also hereby incorporated herein by reference, describes a method that remotely
monitors and reports sensor data associated with a concrete delivery vehicle. More
specifically, the data is collected and recorded at the delivery vehicle, and then reported to a
dispatch center upon a ‘transmission event’.

[0007] U.S. Patent Application 10/599,130, filed by the assignee of the present
application, discloses an improved slump measurement method, improved liquid management
methods, and improved mixture measurement and reporting methods.

[0008] U.S. Patent Application 11/764,832, filed by the assignee of the present
application, discloses a concrete truck management and slump measurement system using a
temperature sensor mounted to the mixing drum. Specifically, a temperature probe, such as
mounted to a hatch door of the drum, senses mixture temperature which may be used to track
the level of cure of the mixture and make appropriate adjustments. This system also features
an accelerometer sensor and improvements in communication systems and mixture
management methods.

[0009] U.S. Patent Application 11/834,002, filed by the assignee of the present

application, discloses an improved concrete truck management system in which multiple
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chemical additives are controllably managed and added to the mixing drum, under either local
or remote control. Electronic identification is used to track the additives in use.

[0010] While these various systems have been proposed and implemented,
improvements continue to be needed, particularly in the use of remote sensors on concrete

delivery vehicles.

Summary of the Invention

[0011] According to one aspect of the present invention, a wireless temperature sensor
for measuring and transmitting temperature readings on a concrete delivery vehicle, includes a
processor, temperature sensor, wireless transmitter and vibration sensor. The processor
periodically receives vibration signals from said vibration sensor, and in response to detected
vibration, obtains a temperature reading from said temperature sensor and causes the
transmitter to transmit the temperature reading. In the absence of detected vibration, the
processor enters a power consumption mode to conserve energy.

[0012] In specific embodiments, the temperature sensor, wireless transmitter and
vibration sensor may be enabled by said processor, and the processor enables the temperature
sensor and wireless transmitter only upon detection of vibration from the vibration sensor, and
enables the vibration sensor periodically only for a sufficient duration of time to measure

vibration.

Brief Description of the Drawings

[0013] Fig. 1 is block diagram of a system for calculating and reporting slump in a

delivery vehicle constructed in accordance with an embodiment of the invention;
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[0014] Fig. 2 is a side view of a concrete mixing truck to illustrate the location of the

access door on the side of the mixing drum;

[0015] Fig. 3 is an exploded view of the dual temperature sensor;

[0016] Fig. 4 is an illustration of the relationship between hydraulic mix pressure and
slump; and

[0017] Fig. 5 is an illustration of the relationship of the Energy Release Rate to the

relative time for concrete to go through a hydration process as it pertains to mix composition.
[0018] Fig. 6 is an exemplary circuit diagram of a control circuit for a wireless
temperature sensor and transmitter implementing power management techniques in accordance
with principles of the present invention.

[0019] Fig. 7 is an exemplary flow chart of the operations performed by the software in

the microprocessor of the circuit of Fig. 6.

Detailed Description of the Embodiments of the Invention

[0020] Referring to Fig. 1, a block diagram of a system 10 for calculating and reporting
slump in a delivery vehicle 12 is illustrated. Delivery vehicle 12 includes a mixing drum 14 for
mixing concrete having a slump and a motor or hydraulic drive 16 for rotating the mixing drum
14 in the charging and discharging directions, as indicated by double arrow 18. System 10
comprises a dual temperature sensor 17, which may be installed directly to on the mixing drum
14, more specifically the access door of the mixing drum 14, and configured to sense both the
load temperature as well as the skin temperature of the mixing drum 14. The dual temperature
sensor 17 may be coupled to a wireless transmitter. A wireless receiver mounted to the truck
could capture the transmitted signal from the dual temperature sensor 17 and determine the

temperature of both the load and the mixing drum skin, as elaborated more fully below.
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[0021] System 10 further includes an acceleration/deceleration/tilt sensor 19, which
may be installed on the truck itself, and configured to sense the relative acceleration,
deceleration of the truck as well as the degree of tilt that the truck may or may not be
experiencing. System 10 comprises a rotational sensor 20, which may be installed directly on
or mounted to the mixing drum 14, or included in the motor driving the drum, and configured
to sense the rotational speed and direction of the mixing drum 14. The rotational sensor may
include a series of magnets mounted on the drum and positioned to interact with a magnetic
sensor on the truck to create a pulse each time the magnet passes the magnetic sensor.
Alternatively, the rotational sensor may be incorporated in the driving motor 16, as is the case
in concrete trucks using Eaton, Rexroth, or other hydraulic motors and pumps. In a third
potential embodiment, the rotational sensor may be an integrated accelerometer mounted on the
drum of the concrete truck, coupled to a wireless transmitter. In such an embodiment a
wireless receiver mounted to the truck could capture the transmitted signal from the
accelerometer and determine therefrom the rotational state of the drum. System 10 further
includes a hydraulic sensor coupled to the motor or hydraulic drive 16 and configured to sense
a hydraulic pressure required to turn the mixing drum 14.

[0022] System 10 further comprises a processor or ready slump processor (RSP) 24
including a memory 25 electrically coupled to the hydraulic sensor 22 and the rotational sensor
20 and configured to qualify and calculate the current slump of the concrete in the mixing drum
14 based the rotational speed of the mixing drum and the hydraulic pressure required to turn
the mixing drum, respectively. The rotational sensor and hydraulic sensor may be directly
connected to the RSP 24 or may be coupled to an auxiliary processor that stores rotation and

hydraulic pressure information for synchronous delivery to the RSP 24. The RSP 24, using
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memory 25, may also utilize the history of the rotational speed of the mixing drum 14 to
qualify a calculation of current slump.

[0023] A communications port 26, such as one in compliance with the RS 485 modbus
serial communication standard, may be configured to communicate the slump calculation to a
status system 28 commonly used in the concrete industry, such as, for example, TracerNET
(now a product of Trimble Navigation Limited, Sunnyvale, California), which, in turn,
wirelessly communicates with a central dispatch center 44. An example of a wireless status
system is described by U.S. Patent 6,611,755, which is hereby incorporated herein in its
entirety. It will be appreciated that status system 28 may be any one of a variety of
commercially available status monitoring systems.

[0024] Alternatively, or in addition, a separate communication path on a licensed or
unlicensed wireless frequency, e.g. a 2.4 GHz or other frequency, e.g., 900 MHz, 433 MHz, or
418 MHz frequency, may be used for communications between RSP 24 and the central
dispatch office when concrete trucks are within range of the central dispatch office, permitting
more extensive communication for logging, updates and the like when the truck is near to the
central office, as described below. A further embodiment might include the ability for truck-to
truck communication/networking for purposes of delivering programming and status
information. Upon two trucks identifying each other and forming a wireless connection, the
truck that contains a later software revision could download that revision to the other truck,
and/or the trucks could exchange their status information so that the truck that returns first to
the ready mix plant can report status information for both to the central system. RSP 24 may
also be connected to the central dispatch office or other wireless nodes, via a local wireless

connection, or via a cellular wireless connection. RSP 24 may over this connection directly
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deliver and receive programming, ticket and state information to and from the central dispatch
center without the use of a status system.

[0025] Delivery vehicle 12 further includes a water supply 30 and system 10 further
comprises a flow valve 32 coupled to the water supply 30 and configured to control the amount
of water added to the mixing drum 14 and a flow meter 34 coupled to the flow valve 32 and
configured to sense the amount of water added to the mixing drum 14. The water supply is
typically pressurized by a pressurized air supply generated by the delivery truck's engine. RSP
24 is electrically coupled to the flow valve 32 and the flow meter 34 so that the RSP 24 may
control the amount of water added to the mixing drum 14 to reach a desired slump. RSP 24
may also obtain data on water manually added to the drum 14 by a hose connected to the water
supply, via a separate flow sensor or from status system 28. A separate embodiment might
utilize a positive displacement water pump in place of a pressurized system. This would
eliminate the need for repeated pressurizing, depressurizing that may occur in the present
embodiment. Also, the volume of water dispensed might be more accurately achieved. It would
also facilitate direct communication between the RSP and the pump.

[0026] Delivery vehicle 12 may further include one or more chemical additive supplies
36 and system 10 may further comprise a chemical additive flow valve 38 coupled to the
chemical additive supply 36 and configured to control the amount of chemical additive added
to the mixing drum 14, and a chemical additive flow meter 40 coupled to the chemical additive
flow valve 38 and configured to sense the amount of chemical additive added to the mixing
drum 14. In one embodiment, RSP 24 is electrically coupled to the chemical additive flow
valve 38 and the chemical additive flow meter 40 so that the RSP 24 may control the amount of
chemical additive added to the mixing drum 14 to reach a desired slump. Alternatively,

chemical additive may be manually added by the operator and RSP 24 may monitor the
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addition of chemical additive and the amount added. Furthermore, colorant may be similarly
controlled by RSP, and delivered from a storage tank on the vehicle.

[0027] Delivery vehicle 12 further includes an air supply 33 and system 10 may further
comprise an air flow valve 35 coupled to the chemical additive supply 36 and the water supply
30 and configured to pressurize the tanks containing the chemical additive supply and the water
supply. In one embodiment, RSP 24 is electrically coupled to the air flow valve so that the RSP
24 may control the pressure within the chemical additive supply and the water supply.

[0028] System 10 may also further comprise an external display, such as display 42.
Display 42 actively displays RSP 24 data, such as slump values. The central dispatch center
can comprise all of the necessary control devices, i.e. a batch control processor 45. Wireless
communication with the central dispatch center can be made via a gateway radio base station
43. It should be noted that the status system display and the display 42 may be used separately
from one another or in conjunction with one another.

[0029] A set of environmentally sealed switches 46, e.g. forming a keypad or control
panel, may be provided by the RSP 24 to permit control and operator input, and to permit
various override modes, such as a mode which allows the delivery vehicle 12 to be operated in
a less automated manner, i.e., without using all of the automated features of system 10, by
using switches 46 to control water, chemical additive, and the like. (Water and chemical
additive can be added manually without having to make a manual override at the keypad, in
which case the amounts added are tracked by the RSP 24.) A keypad on the status system 28
may also be used to enter data into the RSP 24 or to acknowledge messages or alerts, but
switches 46 may be configured as a keypad to provide such functions directly without the use

of a status system.
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[0030] A horn 47 is included for the purpose of alerting the operator of such alert
conditions.
[0031] Operator control of the system may also be provided by an infrared or RF key

fob remote control 50, interacting with an infrared or RF signal detector 49 in communication
with RSP 24. By this mechanism, the operator may deliver commands conveniently and
wirelessly. Furthermore, infrared or RF signals exchanged with detector 49 may be used by the
status system 28 for wireless communication with central dispatch center 44 or with a batch
plant controller when the truck is at the plant.

[0032] In one embodiment of the present invention, all flow sensors and flow control
devices, e.g., flow valve 32, flow meter 34, chemical additive flow valve 38, and chemical
additive flow meter 40, are contained in an easy-to-mount manifold 48 while the external
sensors, €.g., rotational sensor 20 and hydraulic pressure sensor 22, are provided with complete
mounting kits including all cables, hardware and instructions. It should be noted that all flow
sensors and flow control devices can be mounted inline, separately from one another. In
another embodiment, illustrated in Fig. 6, the water valve and flow meter may be placed
differently, and an additional valve for manual water may be included, to facilitate cold
weather operation. Varying lengths of interconnects 50 may be used between the manifold 48,
the external sensors 20, 22, and the RSP 24. Thus, the present invention provides a modular
system 10.

[0033] In operation, the RSP 24 manages all data inputs, e.g., drum rotation, hydraulic
pressure, flow, temperature, water and chemical additive flow, to calculate current slump and
determine when and how much water and/or chemical additive should be added to the concrete
in mixing drum 14, or in other words, to a load. (As noted, rotation and pressure may be

monitored by an auxiliary processor under control of RSP 24.) The RSP 24 also controls the
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water flow valve 32, an optional chemical additive flow valve 38, and an air pressure valve
(not shown). (Flow and water control may also be managed by another auxiliary processor
under control of the RSP 24.) The RSP 24 typically uses ticket information and discharge
drum rotations and motor pressure to measure the amount of concrete in the drum, but may also
optionally receive data from a load cell 51 coupled to the drum for a weight-based
measurement of concrete volume. Data from load cell 51 may be used to compute and display
the amount of concrete poured from the truck (also known as concrete on the ground), and the
remaining concrete in the drum. Weight measurements generated by load cell 51 may be
calibrated by comparing the load cell measurement of weight added to the truck, to the weight
added to the truck as measured by the batch plant scales.

[0034] The RSP 24 also automatically records the slump at the time the concrete is
poured, to document the delivered product quality, and manages the load during the delivery
cycle.The RSP 24 has three operational modes: automatic, manual and override. In the
automatic mode, the RSP 24 adds water to adjust slump automatically, and may also add
chemical additive in one embodiment. In the manual mode, the RSP 24 automatically
calculates and displays slump, but an operator is required to instruct the RSP 24 to make any
additions, if necessary. In the override mode, all control paths to the RSP 24 are disconnected,
giving the operator complete responsibility for any changes and/or additions. All overrides are
documented by time and location.

[0035] Fig. 2 illustrates the location of the mixing drum access door 518 on the mixing
drum 14. The mixing drum access door 518 is a convenient location for a temperature sensor
such as a dual temperature sensor 17 elaborated below. In the disclosed embodiment, the
sensor is attached to the exterior of the access door. In other embodiments, the sensor could be

attached elsewhere on the concrete drum other than the exterior portion of the access door, and
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may be attached to other concrete mixing equipment such as a stationary drum or a portable
mixer. Furthermore, in alternative embodiments, a noncontact temperature sensor, such as an
infrared sensor, may be used to measure the temperature of the load without requiring contact
therewith.

[0036] Referring now to Fig. 3, the sensor mounted to the mixing drum access door 518
may use a dual temperature sensor mount 530. The load temperature sensor 526 could be a
thermocouple which protrudes through the center of the mount, through the mixing drum
access door skin and into the load. It should be noted that the load sensor is insulated from the
mount and the drum skin. The load sensor is hardened using a plasma spray process and
streamlined to permit a smooth flow of the load over the sensor. The plasma spray process used
for hardening the sensor uses inert gas — usually nitrogen or argon — excited by a pulsed DC
arc to ionize the gas and produce plasma. Other gasses — mainly hydrogen and helium — are
often introduced in small quantity in order to increase the ionization. The plasma gasses are
introduced at high volume and high velocity, and are ionized to produce a plume that ranges in
temperature from about 12,000° to 30,000° F. Powder feedstock is then injected into this hot
gas stream (called a plume), heated very quickly, and deposited onto the work piece. Thermal
spray coatings, more specifically plasma spray, are often used to protect against abrasion,
erosion, adhesive wear, fretting, galling, and cavitation. Abrasion and erosion are regularly
addressed using tungsten carbide coatings along with a series of superalloys. The plasma spray
process is available through CTS 5901 Creek Road Cincinnati, OH 45242. The skin
temperature sensor 528 also could be a thermocouple, which protrudes through the corner of
the mount, and makes contact with the mixing drum skin. Circuit board 524 is affixed to the
dual temperature sensor mount 530 using four screws, and contains the thermocouple control

and the radio transmitter control. A radio antenna 522 is attached to the circuit board. The dual
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temperature sensor cover 520 is affixed to the dual temperature sensor mount 530 using four
screws. As described below, with suitable power management in accordance with principles fo
the present invention, the dual temperature sensor may be battery powered.

[0037] Using a temperature sensor, temperature readings taken from the mixing drum,
can be utilized as a factor when calculating the slump profile. It should also be noted that a
separate device could be used in measuring the ambient air temperature. Furthermore, the load
temperature may be used to identify, from among a group of loads, which are hottest and thus
determine the order in which the loads should be poured. Furthermore, the time left until a
load will set, and the effect or need for additives, can be derived from load temperature.
Finally, the temperature profile measured by the sensor as the drum is rotating may be used to
identify the load size as noted above.

[0038] Fig. 4 illustrates the relationship between the hydraulic mix pressure applied to a
drum of ready mix concrete and the slump of the concrete. The relationship is dependent on the
revolutions per minute of drum rotation. As the RPMs increase the relationship becomes more
linear in nature, as the RPMs decrease the relationship becomes more logarithmic. It should be
noted that there are other factors that can affect the slump profile. Some of these factors are
truck tilt, load size, load weight, truck hydraulic equipment and truck acceleration/deceleration.
Relationships utilizing these factors could be taken into account when developing a slump
profile.

[0039] Fig. 5 illustrates the relationship between concrete energy release rate and time
as it pertains to mix composition. The information is adapted from an article published in the
April 2006 edition of Concrete International, authored by Hugh Wang, C.Qi, Hamid Farzam,
and Jim Turici. The integral of the area under the release rate curves, is the total released heat

during the hydration process. The total amount of heat released is related to the cement
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reactivity which, in turn, reflects the strength development of the concrete. Therefore utilizing
the dual temperature sensor 17 to obtain a temperature reading with respect to time within the
mixing drum 14 could be used to determine the strength of the cured concrete. It should be
noted that the wireless nature of the dual temperature sensor permits the ready use of the sensor
on a rotating drum without the difficulties associated with establishing wired connections from
the sensor to a control console. Furthermore, as noted above, a wireless sensor as described
herein may be utilized in conjunction with other types of mixers, not limited to concrete trucks,
such as stationary or portable or semi-portable rotating mixers.

[0040] As noted above, various statistics and parameters are used by the ready slump
processor in operation. These statistics and parameters are available for upload from the
processor to the central office, and can be downloaded to the processor, as part of a messaging
operation. Some values are overwritten repeatedly during processing, but others are retained
until the completion of a delivery cycle, as is elaborated above. The above-referenced US
Patent applications of the present assignee incorporate specific listings of statistics and
parameters for one specific embodiment of the invention, and other selections of parameters
and statistics may be gathered as well.

[0041] Referring now to Fig. 6, a circuit diagram for the circuitry used with the
wireless temperature sensor is illustrated. At the heart of this circuit is a PIC microprocessor
800, for example an MC 68HC608 processor, which includes sleep modes which can be
utilized to reduce power consumption in accordance with principles of the present invention as
explained more fully below. Microprocessor 800 uses an 8 MHz clock established by crystal
802, and operates using programming in a CMOS serial EPROM memory 804.

[0042] Microprocessor 800 commnunicates with the RS processor (Fig. 1) via wireless

transmission, €.g., using a 434 MHz wireless transmitter such as a TXM-433-LR transmitter
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chip 806 coupled to an output line of microprocessor 800. Transmitter 806 may be enabled and
disabled by microprocessor 800 via an enable connection.

[0043] Microprocessor 800 collects temperature data from a thermister sensor 808
which is coupled, as noted above, to the load within the mixing drum. Current is supplied to
thermistor 808 via an N-type MOSFET 810 operating in enhancement mode and used as a
switch to ground. The voltage produced by thermistor 808 when MOSFET 810 is “on”, is
representative of the temperature of the thermistor 808. This voltage is converted to a digital
signal by an analog to digital converter 812, which may for example be an ADS1100 A/D
converter. The resulting digital signal is delivered to microprocessor 800.

[0044] A/D converter and MOSFET switch 810 may be enabled or disabled selectively
by microprocessor 800 using an enable line coupled to the gate of MOSFET 810 (thus enabling
current flow through thermistor 808), and an enable line coupled to A/D converter §12. When
not enabled, the current draw by thermistor 808 and A/D converter is de minimus.

[0045] For ambient temperature measurement, a second thermistor is connected to
terminals 808’, and the signal from the second thermistor is read by a similar connection of an
MOSFET 810° and A/D converter 8§12°, each of which is similarly selectively enabled by
microprocessor 800.

[0046] As noted above, the wireless temperature sensor uses various power
management techniques to permit the use of battery power, such as from one or optionally two
3.6 volt lithium cells 814. Power management is accomplished by the use of two power saving
techniques. First, microprocessor 800 does not operate unless vibration (indicative of drum /
truck operation) is detected by vibration sensor 816. Vibration causes closure of the contacts in
vibration sensor 816, reverse biasing a Schottky barrier diode 818 and thereby permitting

discharge of a 1 microfarad capacitor that is ordinarily kept charge by trickle current from a 2.7
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megaohm resistor connected in series with sensor 816. The voltage level across the 1
microfarad capacitor, which is indicative of vibration, is amplified by an N-type enhancement
mode MOSFET 820, having its gate connected to the 1 microfarad capacitor, source conncted
to ground, and drain and substrate terminals connected to microprocessor 800. Vibration
detected by sensor 816 produces a low current draw from the processor via MOSFET 820,
indicating vibration. Microprocessor 800 may selectively connect a pull-up resistor to the
processor output coupled to the drain of MOSFET 820, at the moment of a vibration
measurement, and disconnect the pull-up resistor otherwise, thus minimizing power
consumption when vibration is not being measured.

[0047] Referring now to Fig. 7, the software in processor 800 operates to minimize
power consumption while providing needed temperature readings, as follows. When the
processor 800 awakes from a sleep operation, or is powered up (step 900), the processor
initially enables 902 the vibration sensor (by connecting the pull up resistor noted above) and
reads 904 the sensor for indicated vibration. In the absence of vibration 904, the processor
enters a sleep mode for one second (step 906), after which a check is made for vibration. It
will be recognized that in the absence of any vibration, this routine draws very little power.
[0048] In the event of vibration, i.e., active use of the mixing drum or delivery vehicle,
flow proceeds from step 904 to step 908, in which a sleep timer is set to a value of one minute
This ensures that data will be reported for one minute after any detected vibration. The
processor then applies power (step 910) to the thermistor 808 and A/D converter 812, and
measures the temperature (step 912) via A/D converter 812, and similarly applies power (step
914) to thermistor 808" and A/D converter 812°, and measures the temperature (step 916) via
A/D converter 812°. Thereafter, the processor enables the transmitter 806, and causes a

transmission of the measured temperature data to the RS processor (see Fig. 1).
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[0049] In the event vibrations end, at most one minute thereafter, the processor will
discontinue the use of the temperature sensors and transmitter, reducing power consumption to
a very low level. The circuit described above has been found to consume about 1 micro amp of
average current.

[0050] While the present invention has been illustrated by a description of
embodiments and while these embodiments have been described in some detail, it is not the
intention of the Applicants to restrict or in any way limit the scope of the appended claims to
such detail. Additional advantages and modifications other than those specifically mentioned
herein will readily appear to those skilled in the art. The invention in its broader aspects is
therefore not limited to the specific details, representative apparatus and method, and

illustrative examples shown and described.
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1. A wireless temperature sensor for measuring and transmitting temperature readings on a
concrete delivery vehicle, comprising:

a processor;

a temperature sensor;

a wireless transmitter;

a vibration sensor;

the processor periodically receiving vibration signals from said vibration sensor, and in
response to detected vibration, obtaining a temperature reading from said temperature sensor
and causing said transmitter to transmit said temperature reading, and in the absence of

detected vibration, the processor entering a power consumption mode to conserve energy.

2. The sensor of claim 1 wherein the temperature sensor may be enabled by said
processor, the processor enabling said temperature sensor only upon detection of vibration

from said vibration sensor.

3. The sensor of claim 1 wherein the vibration sensor may be enabled by said processor,
the processor enabling said vibration sensor periodically for a sufficient duration of time to

measure vibration.

4. The sensor of claim 2 wherein the vibration sensor may be enabled by said processor,

the processor enabling said vibration sensor periodically for a sufficient duration of time to

measure vibration.
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5. The sensor of claim 1 wherein said wireless transmitter may be enabled by said
processor, the processor enabling said wireless transmitter only upon detection of vibration

from said vibration sensor.

6. The sensor of claim 2 wherein said wireless transmitter may be enabled by said
processor, the processor enabling said wireless transmitter only upon detection of vibration

from said vibration sensor.

7. The sensor of claim 3 wherein said wireless transmitter may be enabled by said
processor, the processor enabling said wireless transmitter only upon detection of vibration

from said vibration sensor.

8. The sensor of claim 4 wherein said wireless transmitter may be enabled by said

processor, the processor enabling said wireless transmitter only upon detection of vibration

from said vibration sensor.

9. The sensor of claim 1 further comprising a second temperature sensor.

10. The sensor of claim 1 wherein the second temperature sensor may be enabled by said

processor, the processor enabling said temperature sensor only upon detection of vibration

from said vibration sensor.
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