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(57) Abrege(suite)/Abstract(continued):

Independent battery strings to supply regulated voltage to electronic fluid flow measurement data processing circuitry. In a
preferred implementation, the intelligent power module transmits operating power and battery status information over a two wire
Interface. Circuitry may encode Information about the status of individual battery strings in a DC supply voltage. The fluid meter
processing circuitry operates from the DC supply voltage and decodes the battery status information. Preferred embodiments may

also Include a switched-mode power supply capable of extracting substantially all available stored energy capacity from each of the
battery strings, each of which Is electrically isolated by a unidirectional current circuit.
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ABSTRACT

To provide a fault-tolerant architecture to supply electrical operating power in
fluid flow measurement applications, apparatus and associated systems, computer
program products, and methods include an intelligent power module with redundant and
electrically independent battery strings to supply regulated voltage to electronic fluid
flow measurement data processing circuitry. In a preferred implementation, the
intelligent power module transmits operating power and battery status information over a
two wire interface. Circuitry may encode information about the status of individual
battery strings 1n a DC supply voltage. The fluid meter processing circuitry operates
from the DC supply voltage and decodes the battery status information. Preferred
embodiments may also include a switched-mode power supply capable of extracting
substantially all available stored energy capacity from each of the battery strings, each of

which 1s electrically 1solated by a umidirectional current circuit.
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Fault Tolerant Power System Architecture for Fluid Flow
Measurement Systems

This is a divison of co-pending Canadian Patent Application No. 2,587,988 filed on
May 8, 2007.

TECHNICAL FIELD

[0001] Various embodiments relate to fluid flow measurement systems, and
particular embodiments relate to reliability of power systems for operating equipment 1n

fluid flow measurement applications.

BACKGROUND
[0002] Fluids, which may be in liquid or gas state, are often transported,
distributed, and/or sold to customers through a system of transmission and distribution
lines. For purposes such as billing and inventory control, for example, fluid flow
measurement systems may be installed at various locations along these lines. Gas
metering systems, for example, may measure the volume of gas that flows through a
particular gas line. Fluid measurement systems typically include a fluid flow meter and
an electronic or mechanical indicator or index.
[0003] As an illustrative example, one type of fluid flow meter 1s a rotary
meter for measuring a volume of gas through a gas line. In some rotary meters, gas
flowing through the meter causes a set of impellers to rotate within a cylinder. This type
of meter is normally referred to as a rotary positive displacement meter. As the impellers
turn, they measure a displaced volume of gas that is fixed and determined by the area
between the impeller and cylinder. Each impeller rotation indicates that a certain volume
of gas has flowed through the meter. This is normally referred to as “actual” volume as
measured by the primary flow element that is in this case a rotary positive displacement
meter. Buying and selling of natural gas typically requires that the actual volume be
converted to “standard” volume to account for the contraction or expansion of gas due to
varying gas pressure and gas temperature. In general, these effects may be described by
Boyle’s and Charles’ Law. To convert actual volume to standard volume, some gas

metering systems use an electronic volume corrector to correct actual volume
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measurement originating from the rotating impellers to account tor temperature or

pressure of the gas in the meter.

[0004] In general, fluid flow measurement systems often can be applied 1n
harsh conditions, subject to extremes in temperatures, weather, contaminants, and/or

mechanical vibration. Furthermore, some fluid flow measurement systems may be

installed in locations that are remote or otherwise difficult to access for maintenance
purposes. Moreover, electronics to provide volume correction functions consume
electrical power for which batteries may be the only readily available source.

[0005] Accordingly, maintaining fluid tlow measurement systems that operate
from battery power can require battery related maintenance. Batteries can have various
electrical and/or mechanical failure mechanisms. For example, batteries can develop
leaks, depleted charge, short circuits, overheating, high internal resistance, or open
circuits. Moreover, contacts may fail to provide sufficient continuity to the battery
terminals due to contamination or vibration. A significant portion of the lifetime cost of

maintaining some liquid and gas fluid flow measurement systems may be attributable to

battery-related faults.

SUMMARY
[0006] To provide a fault-tolerant architecture to supply electrical operating
power in fluid flow measurement applications, apparatus and associated systems,
computer program products, and methods include an intelligent power moduie with

redundant and electrically independent battery strings to supply regulated voltage to

electronic fluid flow measurement data processing circuttry. In a preferred
implementation, the intelligent power module transmits operating power and battery

status information over a two wire interface. Circuitry may encode information about the
status of individual battery strings in a DC supply voltage. The fluid meter processing
circuitry operates from the DC supply voltage and decodes the battery status information.
Preferred embodiments may also include a switched-mode power supply capable of
extracting substantially all available stored energy capacity from each of the battery

strings, each of which 1s electrically 1solated by a unidirectional current circuit.
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[0007] Certain exemplary embodiments can provide a fluid flow metering
system, comprising: a fluid flow meter; a processing system to accumulate tluid tlow
measurement data from the fluid flow meter; and an intelligent power module coupled to
the processing system by an electrical link to transter power therebetween, the power
module supplying power received from any of a plurality of battery strings comprising
one or more batteries, each battery string supplying current through a corresponding
current steering element having a preferred current direction.

[0008] Various implementations of the intelligent power module, and
assocliated systems, methods, and computer program products, provide features to reduce
maintenance requirements related to, for example, faulted batteries and/or intermittent
electrical contacts that can result from vibrations in the fluid flow system.

[0009] Some embodiments may have one or more advantages. For exampie,
fault tolerance of electrical measurement devices exposed to rugged field installation
conditions, such as vibration and corrosion, may be improved. Sensitivity to single point
faults in the power supply systems, for instance, may be reduced. Some embodiments
may provide improved utilization of a stored energy source, thereby extending
operational life of a system. Furthermore, some embodiments may provide monitoring
and reporting capabilities that may reduce unnecessary maintenance-related labor and
materials expenses, help to identify points of failure, and/or promote increased system
avatlability.

[0010] The details of one or more embodiments of the invention are set forth
in the accompanying drawings and the description below. Other teatures, objects, and

advantages of the invention will be apparent from the description and drawings.

DESCRIPTION OF DRAWINGS

[0011] FIG. 1 shows an exemplary fluid flow measurement system with an

intelligent power module.

[0012] FIG. 2 shows an exemplary electrical schematic of the intelligent

power module.
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[0013] FIG. 3 is an exemplary battery status table for decoding the encoded

battery status signal.

10014] FIG. 4 shows an exemplary configuration of the intelligent power
module.
[0015] FIGS. 5A-5B collectively show an exemplary configuration of the

intelligent power module, including a resilient conductive clip structure.

[0016] FIG. 6 1s a flow chart showing exemplary operations for checking

battery status.

[0017] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EXAMPLES
[0018] FIG. 1 shows an exemplary fluid measurement system 100 that
includes an intelligent power module 105, a fluid line 110, a fluid flow meter 115, and a
processing system 120. In this example, fluid, which may be in gas or liquid form, tlows
in the fluid line 110 in the direction indicated by arrows A and B. The volume of fluid

that flows through the fluid line 110 1s measured by the fluid flow meter 115, which may

be a gas flow meter or a liquid flow meter, for example. The measured data 1s processed
by the processing system 120 that operates using electrical power from the intelligent
power module 105. Examples of the processing system 120 may be a fluid tlow
accumulator, totalizer, corrector, or similar fluid flow measurement processing device.
[0019] In various embodiments, the intelligent power module 105 may

substantially increase reliability of the fluid measurement system 100, for example, by
providing redundant power supplies with a reduced susceptibility to single or multiple

faults, such as an intermittent electrical contact (e.g., due to contamination, oxidation,

vibration, etc). Battery status information may be read remotely or locally to permit

preventative replacement, or so that faulted battery strings can be i1dentified and replaced

during regular maintenance operations.

0020] The 1ntelligent power module 1035 includes multiple independent
battery strings 125a, 125b, 125¢, a unidirectional current circuit 130, and a DC-DC
converter 135. The battery strings 125a, 125b, 125¢ are independently connected 1n

parallel to the unidirectional current circuit 130 such that current supplied by each of the



CA 02883655 2015-03-04

battery strings 125a, 125b, 125c¢ flows substantially 1in a preferential direction. The fluid

measurement system 100 includes a two wire link 140 to transmit both data and power
signals from the intelligent power module 105 to the processing system 120. The
transmitted data signal may include encoded signals that indicate a status of each of the
battery strings 125a, 125b, 125¢. For example, the battery status information may
contain information that identifies which ot the battery strings are faulted.

[0021] The battery strings 125a, 125b, 125¢ can each independently supply
power to the DC-DC converter 135 via the unidirectional current circuit 130. When at
least one battery string 1s operational, the DC-DC converter 135 regulates power supplied
to the processing system 100 at a preferential voltage level using voltage supplied by the
battery strings 125a, 125b, 125¢. The intelligent power module 115 then transmits the
power through the two wire link 140 to the processing system 120 for operation.

[0022] The two wire link 140 can also transmait data signals from the
intelligent power module 105 to the processing system 115. In this example, the
intelligent power module 105 includes a battery status encoding circuit 145. The battery
status encoding circuit 145 can generate an encoded signal that includes battery status
information. For example, the battery status encoding circuit 145 may be implemented to
encode information to 1identify which battery strings are faulted. Upon receiving the
encoded signal via the two wire link 140, the processing system 120 may retrieve
information encoded in the signal. For example, the processing system 120 may identity

the faulted battery strings and notify maintenance personnel which battery strings have

failed or are approaching failure.

[0023] In some implementations, the fluid line 110 can be a gas line that
transports gasses, such as natural gas, argon, butane, carbon monoxide, carbon dioxide,
ethane, nitrogen, oxygen, propane, or air. In other implementations, the fluid line 110
can be a liquid line that transports water, crude oil, petroleum, gasoline, chemical
solutions, or waste water. The fluid flow meter 115 includes a temperature sensor 150, a
volume sensor 1535, and optionally a generator 160. When fluid flows through the fluid
flow meter 115, the fluid flow meter 115 measures fluid flow information, such as
pressure and temperature 1n the fluid line 110. Then the fluid flow meter 115

communicates the measured information to the processing system 120. The processing
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system 120 receives the signals via an interface 165 (which may-receive electrical and/or
mechanical signals) to determine a quantity of fluid, such as a volume of gas, flowing
through the fluid flow meter 115. For example, the processing system 120 may use the
temperature information from the temperature sensor 150 to convert actual gas volume to
standard gas volume based on Charles’ Law.

[0024] The generator 160 converts mechanical energy from the fluid flow into
electrical energy. For example, the fluid flow meter 115 may measure the pressure of the
fluid tlow using rotating impellers. The generator 160 may then use the energy in the
rotation impellers to independently generate electricity to power the processing system
120, etther alone or in combination with power supplied by the power module 105. Some
embodiments of the generator 160 are described 1n U.S. Patent

No. 6,886,414, entitled “Power Generating Meter.”

[0025] The received signals, such as the line pressure, the temperature, and
the volume signals, are processed by a signal conditioning circuit 172 and an A/D
(analog-to-digital) converter 174. The signal conditioning circuit 172 may include analog
amplification and/or scaling to modify the input signal for interfacing to the A/D
converter 174. As shown, the A/D converter 174 processes analog signals, either through
the signal conditioning circuit 172 or the power supply 187. Although not illustrated, the
A/D 174 may receive signals from the fluid flow meter 115 or the intelligent power
module 105, including an input voltage to the power supply 187. For example, the A/D
converter 174 may receive the encoded signal from the intelligent power module 105.
The A/D converter 174 outputs a serial or parallel output signal of data representing
samples of the input signal(s) onto a digital bus 176. The bus 176 couples to a processor
178 and a non-volatile memory (NVM) 180. The processor 178 may include one or more
processing devices that are operable to execute instructions (e.g., software, firmware) to
perform operations. For example, the processor 184 may include a microcontroller,
microprocessor, DSP, and/or math co-processor. The NVM 180 may store program,

control, data, metadata, and/or other information for access by the processor 178. For
example, the processor 178 may access instructions stored in the NVM 180, such as a

check battery status code 182. The processor 178 may perform instruction in the check
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battery status code 182 to determine which, if any, of the battery strings 125a, 125b, 125c¢

are faulted.

[0026] The processing system 120 also includes a COM port 184. In some
implementations, the COM port 184 may provide two-way communication with other
devices. For example, the COM port 184 may be used to link to a download terminal of,
for example, a laptop, or a handheld computer, to send collected measurement and/or
maintenance request signals. In another example, an external device may send
instructions, such as a check battery status instruction, to the processing system 178 120
via the COM port 184. Upon receiving the check battery status instruction, the processor
178 may execute the check battery status code 182 to check the status of the battery
strings 125a, 125b, 125¢. Then the processor 178 can send the result to the device using
the COM port 184. In some embodiments, the COM port 184 may communicate with the
external device using a wireless interface, such as a wireless network interface card
(WNIC) to connect to a radio based network, or an Infrared (I/R) intertace. In other
embodiments, the COM port 184 may connect to the external device via, for example, a

Universal Serial Bus (USB) interface.

[0027] The processing system 120 also includes a display 186, such as a
liquid crystal display (LCD) monitor, a thin-film transistor (TFT) monitor, or a Light-
emitting diode (LED) screen. The processor 178 can transmit text messages and/or
graphical messages to the display 186. For example, when a battery string needs
replacement, the processor 178 may display an alert message on the display 186 to

indicate which battery string requires service.

[0028] The processing system 120 further includes a power supply 187 to
supply regulated power for operation. The power supply 187 connects via the two-wire
link 140 to the intelligent power module 103. The processing system 120 receives
electrical power from the intelligent power module 105 through the power supply 187.
The power supply 187 can also provide data signals to the processing system 120. For
example, the power supply 187 may receive an encoded data signal from the intelligent
power module 105 that includes battery status information. In other implementations, the

processing system 120 may receive power and data signals from the intelligent power

module 105 over different transmission paths.
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[0029] In the intelligent power module 105, the DC-DC converter 135 may
be a switched mode power supply that regulates voltage level of an output and transmits
encoded signals to the processing system 120. For example, the DC-DC converter 135
may include a switching regulator that switches the load current rapidly on and off in
order to control the output voltage. In some implementations, a boost converter, a buck-
boost converter, a flyback converter, a forward converter, a resonant converter, a Cuk
converter, a charge pump, or a SEPIC converter may be used for the DC-DC converter
135. One or more parallel or cascade switched mode supplies may be used, in
combination with linear regulators, such as shunt or series regulators, and may include
low dropout regulators (LDO).

[0030] The DC-DC converter 135 receives electrical power from the battery
strings 125a, 125b, 125¢ via the unidirectional current circuit 130. The unidirectional
current circuit 130 substantially limits electrical currents to unidirectional flow from each
of the battery strings 125a, 125b, 125¢ to the DC-DC converter 135. In one example, the
unidirectional current circuit 130 may include diodes, such as Schottky diodes. Other
examples of the unidirectional current circuit 130 may be MOSFET diodes or other
semiconductor controlled switches configured to provide unidirectional flow. Each of the
battery strings 125a, 125b, 125¢ may include one or more battery cells connected in
series. For example, the battery strings 125a, 125b, 125¢ may include two, three or more
C cells, D cells, or other battery cells connected in series and/or parallel. In some
embodiments, the battery strings the battery strings 125a, 125b, 125¢ may use chargeable
batteries, such as lithium or other primary batteries, such as alkaline batteries. Although
three battery strings 125a, 125b, 125¢ are shown in this example, two, four, five, or other

number of battery strings can be included 1n the intelligent power module in other

implementations.

[0031] In some embodiments, the DC-DC converter 135 may provide a
voltage boost when the voltage output of the DC-DC converter 135 1s lower than a
predetined threshold, such as a reference voltage. For example, the voltage output of the
DC-DC converter 135 may drop when some batteries in the battery strings 125a, 125b,
125¢ reach near the end of the battery life. The DC-DC converter 135 1s configured to
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detect the voltage drop at the output and boost the voltage output to be substantially equal

to the reference voltage.

[0032] During operation, some of the battery strings 1235a, 125b, 125¢ may
fail due to, for example, poor electrical contacts between the serially connected batteries,
or between a battery string and the unidirectional current circuit 130. As an example, a
contact between a battery string and the unidirectional current circuit 130 may be
contaminated when dirt or dust accumulates at the contact area. As another example,
vibration of the intelligent power module 105 may displace some of the battery strings
125a, 125b, 125¢, and disconnect the displaced battery strings 125a, 125b, 125¢ from the
rest of the circuit. As another example, a battery string may be faulted 1t the battery
string includes a leaking battery.

[0033] The battery status encoding circuit 145 1s configured to encode various
battery status information. For example, the battery status encoding circuit 145 may
encode the status of a battery string in the encoded signal. In some implementations, the
encoded signal may be an analog voltage level that, upon decoding, represents the health
of each battery strings in the intelligent power module 105. In various implementations,
a power signal supplying voltage to the processing system 120 may be encoded with a
data signal. When received by the processing system 120, the encoded data signal may

be recovered by the A/D converter 174, and the power signal may be used for operating

power. The processor 178 may decode the recovered signal to determine which battery
strings are faulted. An exemplary encoding scheme 1s described with reference to FIG. 3.

[0034] In some 1implementations, the battery strings 125a, 125b, 125¢ can be

recharged by the electrical energy generated from the generator 160 and an auxiliary
energy source 188. For example, the generator 160 may generate more energy than
needed to support operations in the processing system 120. The excess energy can then
be stored 1n the intelligent power module 105 by charging rechargeable batteries in the
intelligent power module 105. The auxiliary energy source 188 may also include solar

energy, wind energy, and/or other external energy source, such as energy from a car

battery.

[0035] In some embodiments, the intelligent power module 105 may also

include a battery type detection circuit 190. For example, the battery type detection
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circuit 190 may determine whether rechargeable battery strings, such as lithium battery
strings, are present 1n the intelligent power module 105. In some implementations, the
battery type detection circuit 190 may determine the presence of a lithium battery string
by measuring the output voltage of the battery strings. Because lithium batteries may
have different voltage characteristics than other types of batteries, such as having higher
voltage output than alkaline batteries, the battery type detection circuit 190 can identify
whether a lithium battery 1s present. In some embodiments, the battery type detection
circuit 190 may adjust one or more parameters in the intelligent power module 105
according to the identified battery type. For example, the battery type detection circuit
190 may set a higher reference voltage for the DC-DC converter 135.

[0036] In some 1implementations, the intelligent power module 105 may be
coupled to an existing processing system that receives power from the two-wire link 140.
For example, 1n an existing fluid flow system, the intelligent power module 105 may be
installed by coupling the intelligent power supply 105 to the power supply 187 and by
loading the check battery status code 182. The processor 178 can then perform

operations by executing the check battery status code 182 to decode battery status signals

received from the intelligent power module 105.

[0037] FI1G. 2 shows an exemplary electrical schematic of one embodiment of
the intelligent power module 105. The schematic includes circuitry for the battery strings
125a, 125b, 125c¢, the unidirectional current circuit 130, the DC-DC converter 135, and
the battery status encoding circuit 145. In some embodiments, the intelligent battery

pack 105 may be implemented using digital and/or analog hardware, which may be
discrete or integrated, or a combination thereof.

[0038] In this example, the DC-DC converter 135 includes a voltage input
205, a voltage output 210, a voltage reference 215, and a teedback input 220. The DC-
DC converter 135 can supply electrical power with a preferred voltage level by
converting voltage recerved at the voltage input 205. The DC-DC converter 135 may
regulate output voltage based on a signal received at the feedback input 220. In some
embodiments, the DC-DC converter 135 may use a pulse-width modulation (PWM)
technique that regulates output voltage using a feedback signal received at the feedback

terminal 220. Other modulation schemes may also be used, such as, for example, pulse

10
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frequency modulation, hysteretic control, pulse density modulation. Switching
techniques may include zero voltage, zero current, resonant, quasi-resonant, and/or a
combination of these or other techniques known to those of skill in the art. The output
voltage 1s delivered to a connector 225 that may be connected to the two-wire link 140
(FIG. 1). In this example, a reverse protection diode and series current limiting resistor
are provided. In some embodiments, one or both elements may not be included, or other
active and/or passive elements may be included for purposes such as current control,
fusing, reverse protection, energy storage, EMI/RFI/ESD filtering, or the like.

[0039] As an example, the output voltage of the supply circuits 125a, 125b,
125¢ may vary during operation. For example, the voltage of a battery can drop due to,
for example, a reduction of stored energy in the battery. A voltage drop at the voltage
input 205 can cause a voltage drop in the voltage output 210. The DC-DC converter 135
can detect the voltage drop in the voltage output 210 via the teedback signal at the
feedback terminal 220. The DC-DC converter 135 can then provide a voltage boost, such
as by increasing the duty cycle, to the output voltage to maintain the output voltage level
at a desired voltage set point (e.g., 4V, SV, 6V, 7V, etc.).

[0040] The voltage input 205 1s coupled to the unidirectional current circuit
130 that includes diodes 230a, 230b, 230c. In this example, each of the diodes 230a,
230b, 230c 1s connected to one of the battery strings 125a, 125b, 125¢, respectively. The
diodes 230a, 230b, 230c¢ can substantially restrict the direction of current flowing through
the diode. As shown, the diodes 230a, 230b, 230¢ may allow current to flow from the
positive terminals of the battery strings 125a, 125b, 125¢ to the DC-DC converter 135.
[0041] In this example, the battery strings 125a, 125b, 125c¢ are connected 1n
parallel. Because the diodes 230a, 230b, 230c control current to flow 1n one preferential

direction, the battery strings 125a, 125b, 125¢ can independently supply power at the

voltage input 205. In some implementations, the fluid measurement system 100 can
operate normally when at least one of the battery strings 205a, 205b, 205c¢ 1s operational.
For example, 1f the battery string 125a fails (e.g., causing the output voltage of that failed
battery string to be substantially zero), the DC-DC converter 135 can draw power from

the other battery strings 125b and 125c.

11
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[0042] The voltage reference 215 is connected to a voltage shifting circuit
235. In this example, the voltage shifting circurt 235 can shift the voltage at a node C.
The voltage shifting circuit 235 includes three resistors 240a, 240b, 240c. Depending on
the ratio of the resistances at the resistors 240a, 240b, the voltage at the node C may be a
substantially fixed proportion of the voltage at the voltage reference 215. When a
transistor 243 turns on, the voltage at node C 1s shifted by the effect of current through
the resistor 240c. In other embodiments, the voltage shifting circuit 235 may include
other components, such as voltage regulating transistors or other voltage regulators, for
example. In some embodiments, the voltage shifting circuit 235 may use other well-
known control mechanisms to manipulate the voltage at the node C.

[0043] In some embodiments, the intelligent power module 105 includes the
battery type detection circuit 190 that may be configured to generate signals to 1dentify
battery chemistry types 1n the battery strings 125a, 125b, or 125¢. In some examples, the
battery type detection circuit 190 may adjust the voltage at the node C according to the
battery type information. For example, the battery type detection circuit 190 may be
configured to turn on the transistor 243 when an alkaline battery type 1s detected.
Otherwise, the battery type detection circuit 190 may turn off the transistor 243. Turning
on the transistor 243 may cause voltage at the node C to decrease, which lowers a
threshold signal used by the battery status encoding circuit 145.

[0044] The battery encoding circuit 145 includes comparators 245a, 245b,
245c¢. The comparators 245a, 245b, 245¢ each have two inputs. One input is coupled to

the threshold signal from the node C, and the other input is coupled to the battery strings
125a, 125b, 125c¢, respectively. The outputs of the comparators 245a, 245b, 245c¢ each

connect to an anode of a diode and a series resistor 250a, 250b, 250c¢, respectively. As an
example, the comparators 245a may generate a high output voltage at the comparator

output when the battery voltage of the battery string 130a is higher than the voltage at the
node C, and a low voltage when the battery voltage 130a 1s lower than the voltage at the
node C. Each output of the comparators 245a, 245b, 245c¢ is connected to resistors 250a,
250b, 250c, respectively, via a diode. The resistors 250a, 250b, 250¢ may be binary
welghted, for example, to facilitate decoding. The resistors 250a, 250b, 250c¢ are

connected to a common node that 1s selectively connected to the feedback input 220

12
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through a switch 265. The feedback input 220 recerves different feedback signals
depending on the status of the battery strings 125a, 125b, 125¢. For example, when the
battery string 125b is faulted such that the battery voltage at the battery string 125b 1s

lower than the voltage at the node C, the comparator 230b may generate a low voltage at
the comparator output. The low voltage at the comparator output of the comparator 230b
decreases current to the node connected to the feedback input 220. The DC-DC
converter 135 responds to the change by adjusting the voltage level at voltage output 210.
For example, the DC-DC converter 135 may increase the voltage output 210 when
current flowing to the node connected to the teedback input 220 decreases.

[0045] In some embodiments, the battery status encoding circuit 145 includes
the resistors 250a, 250b, 250c¢ that may have different resistances. The different
resistances may generate an encoded signal at the feedback input 220. For example, the
resistances of the resistors 250a, 250b, 250c may be 10 KOhm, 20 KOhm, and 40 KOhm,
respectively. When one or more of the battery strings 125a, 125b, 125¢ are faulted, the
current flowing from the circuit 145 to the feedback input 220 decreases. For each
combination of faulted battery strings, the circuit 145 may cause a unique level of current
to flow to the node connected to the feedback input 220. In response to the unique
current levels from the circuit 145, the voltage level at the voltage output 210 may
regulate to correspondingly unique levels. When received via the two-wire link 140, the
A/D converter 174 on the processing system 120 can be operated to identify which
battery strings are faulted by decoding the output voltage level. An exemplary decoding

scheme 1s described with reterence to FIG. 3.

[0046] In some embodiments, such as that depicted in FIG. 2, the intelligent
power module 105 also includes a set point selection circuit 255 to periodically
disconnect the circuit 145 from the node connected to the teedback input 220. The

nominal set point voltage may vary from unit to unit, and may drift over time and
temperature, for example. The set point selection circuit 255 may mitigate the effects of
variations in the nominal output voltage by recording a nominal voltage condition using

the A/D converter 174 (FIG. 1).
[0047] When the set point selection circuit 255 temporarily disconnects the

circuit 145, the node connected the Vout pin 210 will transition to a nominal set point

13
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voltage. The A/D 174 captures the nominal voltage value, which 1s then stored in a
memory location by the processor 178. When the set point selection circuit 255

reconnects the circuit 145, the voltage captured by the A/D 174 can include incremental
voltage changes relative to the nominal voltage that retlect the encoded battery status
information. The analog voltage levels read by the A/D converter 174 can be compared
to the nominal voltage condition to accurately determine the voltage change due to
operation of the circuit 145. Accordingly, the set point control 255 may improve the
accuracy with which the processing system 120 can identify faulted battery strings from
the encoded information. In some such embodiments, this improvement may facilitate
increased resolution (e.g., more comparator circuits 245 1in the circuit 145), improved
noise margins, reduced voltage range between encoded voltage levels, reduced
component costs, and/or relaxed circuit component tolerances.

[0048] The set point selection circuit 255 includes a set point control 260 and
a switch 265 (e.g., junction field-effect transistor (JFET), MOSFET, current mirror). In
some embodiments, the set point control 260 may include a low frequency oscillator
(e.g., less than 100 Hz), such as a crystal oscillator, RC oscillator, or a timer integrated
circuit, that opens and closes the switch 265 periodically. In operation, the set point

selection circuit 255 periodically connects the battery status encoding circuit 145 to the

feedback circuit.

[0049] In some embodiments, the intelligent power module 105 may also
include a multiplexer (MUX). The intelligent power module 105 may connect the MUX

to reference voltage levels. During operation, the intelligent power module 105 can,
through a controller circuit or the battery type detection circuit 190, for example, control
which reference voltage is applied to the comparators 245a, 2435b, 245¢.

[0050] In some embodiments, the intelligent power module 105 may also

include a time multiplexing circuit to encode multiple threshold levels for each individual
battery string taken one at a time. The time multiplexing circuit may include an analog
MUX that 1s controlled by a clock or an oscillator signal, for example. The time
multiplexing circuit may allow each of the battery voltages to periodically be compared
with one or more threshold voltages using one or more comparators. For example, the

time-multiplexed circuit may allow the output voltage of the battery string 125a to be
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compared with three comparators at three different threshold voltage levels at the same
time. The thresholds may be set to levels corresponding to about 80% of capacity, 25%,
and 5% of capacity, for example. Any desired thresholds between 0 and 100% of
capacity may be selected. In addition, any practical number of threshold voltages may be
used. The output of each comparator may be connected 1n series with a different
resistance. As aresult, a state change of each comparator may cause a uniquely
identifiable change 1n the output voltage. The processing system may be configured to
decode which threshold(s) are crossed by a particular battery string that 1s connected to
the threshold comparators via the MUX. Each threshold comparator may have different
output resistance (e.g., binary weighted) so that each level can be uniquely distinguished.
As a result of using multiple thresholds, the intelligent power module 105 may provide
higher precision measurements of each individual battery string. To decode the
information on the processing system, the processor may monitor the voltage levels
output by the A/D to determine which battery string 1s currently being sampled. A
predefined sequence may begin, for example, by controlling the output voltage level to a
predetermined start level. In an alternative embodiment, a start of a sequence may be
encoded by modulating the output voltage level according to a substantially unique
sequence that can be recognized by the processor. In some embodiments, the unique
value may be achieved by supplying a voltage out of the normal range to the threshold
comparators. In other embodiments, the output voltage may be set to a predetermined
level by a circuit substantially similar 1n operation to the set point selection circuit 255,
for example, which selectively substantially disconnects the feedback circuit from the

output of the threshold comparator circuit.

[0051] Upon detecting that the voltage level from the serial link has been
modulated according to the defined start level or sequence, the processor may wait a
predetermined time (e.g., corresponding to less than a period of the oscillator controlling
the MUX) betfore reading the output of the threshold comparator circuit, which 1s then
connected by the MUX to a first of the battery strings. During successive periods of the
MUX oscillator, the processor 178 reads the voltage encoded on the supply voltage, and
stores the value as being associated with each corresponding battery string that is then

connected to the threshold comparators by the MUX. In some embodiments, the output
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voltage may be pulled to a unique high or low value between reading periods when the
MUX 1s connected to one of the battery strings, so long as a unique start or stop value, for
example, 1s available for synchronization purposes.

[0052] As the processor 178 reads the value corresponding to each battery
string, 1t can determine and record which 1f any of a number of threshold levels that
battery string exceeds. As such, various embodiments may encode the output voltage
level with multi-level information about each individual battery string.

[0053] In some further embodiments, one or more multiplexed time slots may
be allocated to encode information other than battery string voltages. For example,
circuitry may be provided to indicate cell type information, which may be used in
connection with determining whether re-charging may be attempted. As further
examples, temperature and DC-DC converter current information may be encoded using
the above-described analog MUX.

[0054] FIG. 3 shows an exemplary decoding table 300 of the signal generated
by the intelligent power module 105. The decoding table 300 includes status entries 305
of the battery strings 125a, 125b, 125¢ and value levels 310 for each status. In some
embodiments, the decoding table 300 may be stored in the NVM 180. When the
processor 178 1s checking the status of the battery strings 125a, 125b, 125¢, the processor
may decode the signals received from the intelligent power module 105 using the table.
In some implementations, the decoding table may be static and determined before
executing the check battery status code 182. In other implementations, the processor 178
can dynamically determine the value levels 310 when the processor 178 1s executing the
check battery status code 182 to adjust the value levels to reflect the set point voltage
that 1s periodically provided by operation of the set point selection circuit 255.

[0055] As an example, the processing system 120 may receive a voltage at
5.2V from the intelligent power module 105 when the processor 178 1s executing the
check battery status code 182. In some embodiments, the received voltage may be

digitized by the A/D converter 174 and received by the processor 178. The processor 178

can then look up the value entries 310 and determined that a battery string 1 and a battery

string 3 are faulted.
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[0056] FIG. 4 shows an exemplary configuration 400 of the intelligent power
module 105. The configuration 400 includes a circuit board 405 and the battery strings
125a, 125b, 125c¢ that are 1nstalled in a housing 410. The intelligent power module 105
supplies power from the battery strings 125a, 125b, 125c¢ to the connector 225 via the
circuit board 405. The connector 225 connects to the two-wire link 140.

[0057] The circuit board 405 of this example includes an electrical circuit 415
and an auxiliary power connector 420. In some embodiments, more than one circuit
board, or flex circuit, may be included in the housing 410. The intelligent power module
105 can obtain external power through the auxiliary power connector 420. As an
example, an external power source may be connected to the auxiliary power connector
420 to charge the battery strings 125a, 125b, 125¢ or to provide temporary or auxiliary
power during battery replacement.

[0058] The circuit board 405 connects to the battery strings 125a, 125b, 125c¢
via conducting strips 425a, 425b, 425c¢ at the positive terminals and a conducting strip
430 at the negative terminals. Current flows from the battery strings 125a, 125b, 125c to
the circuit 415 via the conducting strips 425a, 425b, 425¢ respectively. The circuit 415
transmits a regulated voltage with encoded battery strings status information to the
processing system 120 via the power connector 225. In various embodiments, analog or
digital encoding may be used.

[0059] The configuration 400 also includes a push button 435 and an LED
light 440. In some embodiments, the push button 435 and the LED light may provide a
user interface for testing the battery strings 125a, 125b, 125¢. For example, the

intelligent power module 105 may include logic circuits that check the status of the
battery strings 125a, 125b, 125¢ when the push button 435 1s pressed. The intelligent
power module 105 can use the LED light 435 to communicate the battery status to the

user. For example, the processing system 200 can use blink, color, or flash codes to
represent which battery 1s faulted. As an example, the processing system 200 may
display three blinks of light with a period of solid light to represent that the battery string
125¢ 1s faulted and a solid light may represent that all battery strings 125a, 125b, 125c¢ are

operational.
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[0060] The intelligent power module 105 may also include a cover (not
shown). The cover can substantially prevent contamination from entering the housing
410. In some embodiments, the cover may include solar panels that may convert solar
energy to electricity to charge the battery strings 125a, 125b, 125¢, for example, by
delivering power to a charger circuit through edge contacts or the auxiliary power
connector 420.

[0061] FIGS. SA-5B collectively 1llustrate another exemplary package 500
that includes a flexible arrangement of supply circuits to supply an embodiment of the
circuit board 405, which supports the intelligent power module 105. In the example
depicted 1in FIG. SA, the supply circuits are the battery strings 125a, 125b, 125c¢, each of
which includes two battery cells 505, 510 1n a battery configuration 515. The battery
configuration 515 and the circuit board 405 are depicted in a side view in FIG. 5B. The
circuit board 405 1s installed in the housing 513 to make direct electrical contact with the
battery strings 125a, 125b, 125¢. The circuit board 405 includes contacts 525 to make
direct electrical contact with the terminals of each of the battery strings 125a, 125b, 125c.
In various embodiments, the package 500 structure can be modified to accommodate any
practical number and combination of series and/or parallel cells in each battery string and
any practical number of parallel battery strings.

[0062] When installed in the package 500, the intelligent power module 105
may be operable to supply power to the processing system 120 1f at least one suitably
charged battery string 125 1s installed. As such, batteries may be hot swapped if not all

the batteries are removed from the package 500. In addition, stored energy (e.g.,
capacitance) on the circuit board 405 and/or the processing system 120 may provide
some temporary operational energy during maintenance, or when the supply circuits

otherwise substantially fail to supply sufficient operating power to the processing system

120.
[0063] As shown in FIG. 5B, the battery configuration 515 includes a battery

connecting structure 520. For example, the battery connecting structure 520 may be a

resilient conductive clip, such as a metal spring clip, that can urge the battery cells 505,

510 toward contacts 525, 530 on the circuit board 405. In some embodiments, the battery

connecting structure 520 1s configured with sufficient surface area to keep the battery
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cells 505, 510 1n substantially continuous contact with the conducting receptacles 520
and to maintain electrical contact with the battery cells 505, 510 even 1f the cells 503,
510 are shifted due to vibration. Features may be stamped and/or otherwise formed 1n the
connecting structure 520 to reduce intermittent electrical contact that may resulit, for
example, from vibration, impact, contamination, or a combination of such factors.

[0064] FIG. 6 shows a flow chart that illustrates an exemplary method 600 of
operations for checking the status of the battery strings 125a, 125b, 125¢. The method
600 includes operations that may be performed generally by the processor 178 when
executing. The operations may be implemented 1n the check battery status code 182. In
other embodiments, other code or codes can be implemented to perform functions of the
method 600. Operations may also be supplemented or augmented by other processing
and/or control elements that may be incorporated by the bus 176 or the COM port 184.
Some or all of the operations may be performed by one or more processors executing
instructions tangibly embodied 1n a signal. The processing may be implemented using
analog and/or digital hardware or techniques, either alone or in cooperation with one or

MOore processors executing instructions.

[0065] The method 600 begins at step 605 when the processor 178 determines
whether 1t 1s time to check battery status. In some embodiments, the processor 178 may
check the battery status periodically, such as hourly or daily. In other embodiments, the
processing system 120 may include a battery status bit that 1s configured to set when a
change i1n the operating point of the intelligent power module 105 1s detected. In other

embodiments, the processor 178 may check battery status when the processing system

120 receives a command from an external device to execute the check battery status code
182. The processor 178 may execute the check battery status code 182 when the battery
status bit 1s set. At step 603, 1f the processor 178 determines that it 1s not the time to
check battery status, then the step 605 repeats. If the processor 178 determines that it is
the time to check battery status, then, at step 610, the processor 178 sends a control signal
to the A/D converter 174 to acquire a voltage measurement of voltage supplied by the
intelligent power module 105.

10066] Next, the processor 178 receives at step 615 a first value from the A/D

converter 174. The processor 178 then waits based on a period of the set point selection
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control 260 at step 620. After waiting period, the processor 178 receives a second value
from the A/D converter 174. For example, the set point selection control 26() may have a
period of 10 ms. Then, after the processor 178 receives the first value, the processor 178
may receive the second value after 10 ms.

[0067] At step 630, the processor 105 may determine whether the first and the
second values are valid. For example, the processor 105 may check the received values
against an upper threshold and a lower threshold. If the received values are between the
upper threshold and the lower threshold, then the received values are valid. If the
processor 178 determines, at step 630, that one or both of the first and the second values
are not valid, then the processor 178 may generate a message to indicate an error in the
intelligent power module 105 and the step 605 1s repeated. As an example, the processor
178 may send an email or a text message, through the COM port 184, to a maintenance
user to notify the maintenance user that the intelligent power module 105 may be

malfunctioning. As another example, the processor 178 may display an alert message at

the display 186.
[0068] [f the processor 178 determines that both of the first and the second

values are valid at step 630, then the processor 178 can 1dentify, at step 640, a voltage set
point value and a battery status value. For example, the processor 178 may compare the
first value and the second value. Then the processor 178 sets the greater of the two
values to be the voltage set point value and the smaller of the two values to be the battery
status value. Next, at step 645, the processor 178 can use the voltage set point value to
compute voltage levels representing the battery status in the battery status table 300. In
one embodiment, the processor 178 may compute a voltage level for each of the status
entries 305. After computing the values for the battery status table 300, the processor
178 decodes the battery status value to determine a battery status from the battery status
table 300 (FIG. 3) at step 650. In another embodiment, the processor 178 may compute
an upper threshold voltage and a lower threshold voltage for each of the status entries
305. The processor 178 may then determine a battery status by comparing the battery
status value to the computed voltage thresholds.

[0069] At step 655, the processor 178 checks whether 1t 1s necessary to

replace one or more battery strings. In some embodiments, the processor 178 may
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determine that it is necessary to replace the battery strings when a predefined number of
faulted battery strings are present in the intelligent power module 105. In other
embodiments, the processor 178 may compute an expected duration before all battery
strings 1n the intelligent power module 105 are faulted based on, for example, the rate of
change of the number of faulted battery strings. If the expected duration 1s less than a
threshold, such as a week, then the processor 178 may determine that 1t 1s necessary to
replace the faulted batteries. If the processor 178 determines, at step 6535 that it 1s not
necessary to replace the battery strings, then step 605 1s repeated.

[0070] [f the processor 178 determines that 1t is necessary to replace the
battery strings at step 653, then the processor 178 1dentifies, at step 660, the faulted
battery strings that need replacement. For example, the processor 178 can 1dentity the
faulted battery strings from the battery status table 300. At step 6635, the processor 178
can store the results, such as which battery strings are faulted, in the NVM 180. In some
embodiments, the processor 178 may also store a time stamp (€.g., using a real time
clock), or the present meter value, associated with the results, so a user can trace the
battery status associated with time. Next, the processor 178 generates a message to
1dentify battery strings that need replacement at step 670, and then step 605 1s repeated.
In some implementations, the processor 178 may cause the message information to be
transmitted externally via the COM port 184. In various implementations,
communication with other computing devices via the COM port 184 may be
accomplished using any suitable standard or proprietary wired (e.g., USB, RS-232/483,

Firewire) or wireless (e.g., infrared, AM, FM, Bluetooth, wireless LAN) protocols and

apparatus.

[0071] Although an exemplary flow measurement system 100 has been
described with reference to FIG. 1, other implementations may be deployed 1n other
remote, industrial, commercial, and/or residential fluid flow measurement applications.

[0072] In some embodiments, the module 105 may be coupled to the
processing system 120 through an electrical interface to transfer power signals using at

least two wires. Some examples may use multiple ground conductors. One or more

conductors may include a shielding conductor, which may be braided, solid, or stranded,

a substantially planar conductor, or a combination of such conductors. Multiple
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conductors may be used for ground, power, or other signals. Conductors may be, as

1lustrative examples, 1n twisted pair, coaxial, multi-filar, flat conductor, ribbon cable,
shield or unshielded, stripline, controlled impedance, or other format, or in a combination
of these. In some embodiments, a data interface may be included in a wiring assembly
with a power interface, but may use a different circuit path. In some examples, the data
path may include a wireless portion, using infrared or electromagnetic signals to transfer
information between the processing system 120 and the intelligent power module 105.
Such information may be encoded in serial or digital format, and the transfer may be
packet-based.

[0073] In some embodiments, data signals from the power module 105 may
be processed directly or indirectly, including without an analog-to-digital conversion,
when received on the processing system 120. Appropriate buffering or filtering may be
used to process the data signals. Processing may be done in hardware and/or software
using techniques well known to those of ordinary skill in the art.

[0074] In various embodiments, the processing system 120 or the intelligent
power module 105 may communicate using suitable communication methods, equipment,
and techniques. For example, the module 105 may communicate with a portable
computer using point-to-point communication in which a message 1s transported directly
from the source to the receiver over a dedicated physical link (e.g., fiber optic link, point-
to-point wiring, and daisy-chain). Other embodiments may transport messages by
broadcasting to all or substantially all devices that are coupled together by a
communication network, for example, by using omni-directional radio frequency (RF)
signals, while still other embodiments may transport messages characterized by high
directivity, such as RF signals transmitted using directional (i.e., narrow beam) antennas
or infrared signals that may optionally be used with focusing optics. Still other
embodiments are possible using appropriate interfaces and protocols such as, by way of
example and not intended to be limiting, RS-232, RS-422, RS-485, 802.11 a/b/g, Wi-Fi,
Ethernet, IrDA, FDDI (fiber distributed data interface), token-ring networks, or

multiplexing techniques based on frequency, time, or code division. Some

implementations may optionally incorporate features such as error checking and
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correction (ECC) for data integrity, or security measures, such as encryption (e.g., WEP)

and password protection.

[0075] In some embodiments, the module 105 may include a processor and
memory to execute various encoding and or battery monitoring, load leveling, or re-
charge functions (e.g., trickle charge, fast charge). Various modules 105 may be
programmed with the same information and be 1nitialized with substantially 1dentical
information stored in non-volatile memory. In other embodiments, one or more modules
105 may be custom configured to perform specific tfunctions. For example, an A/D
converter function may be provided to facilitate encoding, cell type detection, charging
algorithms, or other functions that will be apparent to those of ordinary skill in the art.
[0076] In some embodiments, the DC-DC converter 105 may operate 1n a
hysteretic mode to regulate the voltage at the output substantially between a lower
threshold voltage and an upper threshold voltage. The batteries may be hot swappable in
that the module 1s operable to supply uninterrupted power to the processing system so
long as at least one viable battery string 1s installed.

[0077] Temporary auxiliary energy inputs may be received, for example, to
re-charge batteries. Some embodiments may operate with other DC voltage sources, such
as 9V (nominal) batteries, for example. Alternating current (AC) inputs, which may be
provided, for example from a 50/60 Hz power port, or from a portable electric generator,
may be received via a rectifier and appropriate scaling. Provision for AC (e.g., sine
wave, square wave, trtangular wave, etc...) inputs may include a line frequency

transformer to perform isolation, step-up, or step-down.

[0078] A number of embodiments of the invention have been described.
Nevertheless, 1t will be understood that various modifications may be made. For
example, advantageous results may be achieved 1if the steps of the disclosed techniques
were performed 1n a ditferent sequence, 1if components 1n the disclosed systems were
combined in a different manner, or if the components were replaced or supplemented by

other components. The functions and processes (including algorithms) may be performed

in hardware, sottware, or a combination thereof.
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WHAT IS CLAIMED IS:

1.

A fluid flow metering system, comprising:

a processing system and an intelligent power module for providing power to the
processing system, wherein the processing system is configured to generate a
signal that represents a measure of a flow of a fluid in response to a signal
received from a fluid flow sensor; and

the intelligent power module comprises:

a plurality of supply circuits, each supply circuit comprising at least one
energy storage cell 1n series with a unidirectional flow element to substantially
[imit current flow through each of the supply circuits to a preferred direction:
wherein each of the plurality of supply circuits is a battery string, each energy
storage cell 1s a battery, and the unidirectional flow element is a current steering
element having a preferred current direction;

a fluid flow sensor;

the processing system configured to accumulate fluid flow measurement data

from the fluid flow sensor; and

the intelligent power module coupled to the processing system by an electrical

link to transter power therebetween, the intelligent power module supplying power

received from each of the plurality of battery strings comprising one or more batteries,

each battery string supplying current through the corresponding current steering element

having a preferred current direction.
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2. The system of claim 1, wherein each of the current steering elements comprises a

rectifying element in series with the corresponding battery string.

3. The system of claim 1, wherein the electrical link comprises two wires.

4, The system of claim 3, wherein the electrical link further comprises at least one

additional wire to transfer a data signal.

. The system of claim 1, further comprising means for adjusting the output voltage

to encode information to identify faulted battery strings.

6. The system of claim 5, wherein the information to identify faulted battery strings

comprises serially-encoded digital information.

7. The system of claim 5, wherein the information to identify faulted battery strings

comprises parallel-encoded digital information.

23



CA 02883655 2015-03-04

1/6

L Ol

1104 8

Cril
}IN2JID
Pbuipoouy
snjeis
Aisyeq

10SS820.d

cel
JEIIEY W ole!

94d-0d

IEYETU]elg!
v/l AV

74

1IN241D uoIosle 50t 99INos
| Hnadl 12919Q | 3|NPO\ 19MOd Ab1au3 buiuoipuo)d
adA| Aseneg
| -2 ] Juabi||alug _Aeyixny 577 leubis
881
cgT SPEHa;
091  lojelsusn)
d G5/ josuag 0GL 10Suag

SWINJOA alnjesadws |

19)9\ MO[ 4 pIN| 4

2P0D sniels

Alayeg %08yQ

0

T

S/l

LW3)SAS
buissasouyd

OLl



CA 02883655 2015-03-04

2/6

GlcC

¢ Ol

-

OCH7 " o[e) 4 ’
N/
% 0¢¢C AV qo¢e Y
W WI 9062 w W q0Gce
= 1 H [0J3U0N)
L Julod 318S
GOC *__ cc7
0c¢
<
0L¢C

qszl
eGHT N
- BOET
052
G)
Z
O
d4 19IA M
- GLT
3y
INOA UIA [

— BGCl

|
|
|

Ehbnd——

6}/
JIN3IY

uoioalaq
adA| Aianeg




300'Zi

CA 02883655 2015-03-04

3/6
Battery String 1 | Battery String 2 | Battery String 3 | Voltage
Faulted Faulted Faulted 5.4
Faulted Faulted Good 5.3
Faulted | Good Faulted 5.2
Faulted ' Good Good 5.1
Good Faulted Faulted 5.0
Good | Faulted Good 4.9
Good ' Good | Faulted 4.8
Good Good Good 4.7
305 310

FIG. 3




CA 02883655 2015-03-04

4/6

FIG. 4



CA 02883655 2015-03-04

5/6

N

0*0%4 ‘

F

3ty <
000%

125¢ —125b — 125a
FIG. 5A

520

FIG. 5B



600 Z

635

Generate message
to indicate error in

the Intelligent power
module

NO

CA 02883655 2015-03-04

6/6

605

Check battery
status?

YES

610

Send control signal
to A/D converter to

acquire voltage
sample

615

Receive first value
from A/D converter

620

Wait based on
period of a set point
selection switch
clock

625

Receive second
value from A/D
converter

630

first and second
values valid?

YES 640

ldentify voltage set

point value and
battery status value

FIG. 6

645

Compute voltage

level for the battery
status table

650

Decode the battery
status value to
determine battery
status from battery
status table

655

Replace NO

battery string?

YES

|dentify battery
strings that need
replacement

665

Store result in non-
volatile memory

670

(Generate message
to identify battery

strings that need
replacement




Processing

System

Temperature

Sensor 150

Fluid Flow Meter

Volume
Sensor@

11

Genheratar 160

120 Interface 165

Converter

A/D

Signal 1Z2
Conditioning

17

Check Battery

Status Code
182

178

Processor

188
Auxiliary

Energy
Saource

187
Power

Supply

COM
Port

intelligent
Power Module

102

140 Z

DC-DC
Converter
135

Battery
Status
Encoding
Circuit

145

Battery |

otring
125¢




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - abstract drawing

