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SYSTEM AND APPARATUS FOR A TORQUE TRANSDUCER

WITH DATA PROCESSING CAPABILITIES

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to torque
transducers, and more particularly to a system and
apparatus with data processing capabilities for use with a

torque transducer.

BACKGRQUND OF THE INVENTION

Torque transducers are well known in the art. Torque
transducers are typically used with power tools that drive
threaded fasteners. These power tools may be powered by
pneumatic drivers, electric drivers, or other suitable
drivers.

In operation, a torgue transducer will be placed on a
threaded fastener driver such that the torque applied to
the drive shaft of the threaded fastener driver may be
measured. Because threaded fasteners may be damaged by the
application of excessive torque, the output from the torque
transducer may be used to limit the maximum torque applied
to the device. For example, the output from the torque
transducer may be fed into the power control for the
threaded fastener driver. The power control may then be

set to shut off power to the threaded fastener driver if
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the output of the torgque transducer exceeds a certain
level.

To ensure that the output of the torgque transducer
measures the actual torque being applied by the threaded
fastener driver, the torque transducer must be calibrated
periodically through a process called "dead weight
testing." Calibration testing assures that the torque
transducer accurately measures the actual torque being
applied by the threaded fastener driver. Nevertheless,
tool management problems are associated with tool repair
and torque transducer <calibration. In order for
calibration to be effective, the date and calibration
period for each tool must be tracked.

Although tracking may be centralized to increase
efficiency, tool use is typically distributed. Tools must
therefore be transported from their location in a
manufacturing facility to a special calibration shop.
Personnel must £find tools that need to be calibrated or
repaired, transfer the tools to the shop, repair the tools
or perform calibration procedures, record the results, and
return the tools to the appropriate field location. Tools
may be misplaced during this process, for example by
returning the tool to the wrong location, and errors or
oversight may result in improper calibration or other

problems.
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SUMMARY OF THE INVENTION

Therefore, a need has arisen for a system and
apparatus with data processing capabilities for use with a
torque transducer.

In accordance with the teachings of the present
invention, a system and apparatus with data processing
capabilities for use with a torque transducer is provided
that allows tool data and calibration data to be stored
with each tool.

One aspect of the present invention provides a circuit
with data processing capability for use with a torque
transducer. A data processor receives a signal generated
by the torque transducer in response to an applied torque.
The data processor and torque transducer are contained
within a torque transducer housing.

The present invention provides many important
technical advantages. One important technical advantage of
the present invention is that data storage capabilities may

be included within a torque transducer housing. This data

"may include the tool’s last calibration date and tool

rating information that permits a tool controller to
provide an alarm if the connected tool is in need of
service or is of incorrect capacity rating for the assembly
process.

Another important technical advantage of the present
invention is that cycle count data may be stored at each
tool. Tool calibration may then be accurately correlated

with the number of cycles experienced by the tool, instead
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of relying on time-use approximations of the number of cycles.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and advantages thereof, reference is now made to
the following description taken in conjunction with the
accompanying drawings, in which 1like reference numbers
indicate like features and wherein:

FIGURE 1 is an exemplary threaded fastener driver
embodying concepts of the present invention;

FIGURE 2 is an exemplary electrical schematic diagram
of a circuit with data processing and data memory
capabilities for use with a torque transducer;

FIGURE 3 is a block diagram of a data processing and
data memory circuit for use with a torque transducer; and

FIGURES 4A through 4C are a flow chart of a method for
monitoring tool cycles in accordance with teachings of the

present invention.

DETATILEFD DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the present invention are
illustrated in the FIGURES, like numerals being used to
refer to 1like and corresponding parts of the wvarious
drawings.

FIGURE 1 is an exemplary threaded fastener driver 10
embodying concepts of the present invention. Threaded
fastener driver 10 comprises electric motor 12, torque
transducer assembly 14, shaft 16, and driver head 18.

Electric motor 12 couples to shaft 16, and shaft 16
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terminates with driver head 18. Torque transducer assembly
14 partially encircles shaft 16 and interacts with shaft
16. Threaded fastener driver 10 may be used to drive any
mechanical fastener, including but not limited to screws,
bolts, and nuts.

Electric motor 12 may comprise a direct current motor
having leads 20 and 22. Leads 20 and 22 couple to a power
source (not explicitly shown), such as a direct current
power source. Electric motor 12 couples to shaft 16, such
that when electric power is applied to leads 20 and 22,
electric motor 12 causes shaft 16 to rotate. Electric
motor 12 may couple to shaft 16 by welding, bolting, or
other suitable means. Likewise, the rotor of electric
motor 12 may be an extension from shaft 1e6.

Electric motor 12 may alternately comprise many
suitable drivers, such as a servo motor, an AC motor, a
pneumatic driver, or other suitable drivers. These
alternate drivers may include a number of leads that are
different from leads 20 and 22. Furthermore, electric
motor 12 may include a gearbox to provide threaded fastener
driver 10 with controllable ranges of speed and torque, and
a resolver to provide the controller of motor 12 (not
explicitly shown) with a commutation signal and signals for
measuring the rotational angle of driver head 18. Electric
motor 12 may be similar to ITD part no. 582071-7, available
from ITD/INTOOL, 7007 Pinemont, Houston, Texas 77040.

Torque transducer assembly 14 comprises torque
transducer housing 15, excitation leads 24 and 26, and

gignal leads 28 and 30. Excitation leads 24 and 26 are
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used to apply a power signal to a bridge-type torque
transducer contained within torque transducer housing 15,
and signal leads 28 and 30 are used to sense the signal at
the output of the bridge-type torque transducer. The
connection of excitation leads 24 and 26 and signal leads
28 and 30 to torque transducer assembly 14 is described in
greater detail 1in relation to FIGURE 2. A circuit
comprising a data processor and a data memory (not
explicitly shown) is also contained within torque
transducer housing 15. Torque transducer assembly 14 may
be similar to ITD part no. 202877-7, available from
ITD/INTOOL, 7007 Pinemont, Houston, Texas 77040.

As previously noted, shaft 16 may comprise a single
rotating component that comprises the rotor of electric
motor 12 and torque transducer assembly 14. Alternately,
shaft 16 may comprise several sections coupled via gear
assemblies, bolted, welded, or coupled by other suitable
means. Shaft 16 may include wmagnetic components that
interact with electric motor 12 and torque transducer
assembly 14. Shaft 16 also couples to driver head 18 by
bolting, welding, or other suitable means.

Driver head 18 1is a tool designed for wuse with
threaded fasteners. For example, driver head 18 may fasten
hexagonal head nuts, lug nuts, flat head screws, Phillips
head screws, or other suitable threaded fasteners. Driver
head 18 may be formed on the end of shaft 16. Alternately,
driver head 18 may couple to shaft 16, such that driver
head 18 can be removed from shaft 16 and replaced with

other driver heads 18.
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In operation, threaded fastener driver 10 is used to
drive threaded fasteners for various applications.
Electric power applied to leads 20 and 22 causes electric
motor 12 to turn shaft 16 and driver head 18. Torque
transducer assembly 14 measures the torque to shaft 16 and
driver head 18, by measuring the signal at signal leads 28
and 30 that is derived by the change in resistance of the
bridge of torque transducer assembly 14. The output at
signal leads 28 and 30 is used to control the power applied
to leads 20 and 22 electric motor 12. In this manner, the
maximum torque applied to the threaded fastener being
driven by threaded fastener driver 10 can be limited to a
maximum torque level.

For example, torque transducer assembly 14 may
generate an output such that the output signal at signal
leads 28 and 30 should not exceed a predetermined set point
of 10 millivolts when threaded fastener driver 10 is used
to fasten a bolt. Driver head 18 is then placed on the
bolt head, and power is applied to electric motor 12. The
bolt is then driven until the torque transducer generates
an output signal at signal leads 28 and 30 of 10
millivolts, at which point power to electric motor 12 is
interrupted. This procedure makes up one cycle of threaded
fastener driver 10, and the number of cycles stored in the
memory storage device of torque transducer assembly 14 (not
explicitly shown) is then incremented by one.

Torgue transducer assembly 14 may be used with many
suitable tools, such as ITD Model Nos. TT160-35 Series

Nutrunners, TT160-235 Series Nutrunners, Series 35MTC7-R5
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Nutrunners, 45MT4-R6 Series Nutrunners, or other ITD
Nutrunners, available from ITD/INTOOL, 7007 Pinemont,
Houston, Texas 77040.

FIGURE 2 is an exemplary electrical schematic diagram
of a circuit 31 with data processing and data memory
capabilities for wuse with a torque transducer, in
accordance with teachings of the present invention.
Circuit 31 includes torque transducer resistor bridge 32,
data processor 34, and virtual ground regulator 36. Torque
transducer resistor bridge 32, data processor 34 and
virtual ground regulator 36 may be contained within torque
transducer housing 15 shown in FIGURE 1, or may alternately
be placed in many suitable locations.

Torque transducer resistor bridge 32 includes
resistors 38, 40, 42, and 44, which are resistive strain
gauge elements that couple to shaft 16 via gears or other
suitable means. The resistance values of resistors 38, 40,
42, and 44 change in magnitude when mechanical strain is
applied to the material that forms the resistors. Bridge
resistors 38 and 42 couple to excitation lead 46, and
excitation lead 46 couples to excitation lead 24 shown in
FIGURE 1. Likewise, bridge resistors 40 and 44 couple to
excitation lead 48, and excitation lead 48 couples to
excitation lead 26 of FIGURE 1. Bridge resistors 38 and 40
couple to signal lead 50, and bridge resistors 44 and 42
coupled to signal lead 52.

When no torque is being applied by shaft 16, resistors
38, 40, 42, and 44 are of equal wvalue, such that the

voltage differential generated across signal leads 50 and
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52 by the applied excitation voltage at excitation leads 46
and 48 is approximately zero. When torque is applied to
shaft 16 by electric motor 12, resistors 38, 40, 42, and 44
change resistance values, such that the voltage across
signal leads 50 and 52 also changes. This change in
voltage signal can be used to determine the torque that is
being applied to shaft 16.

As shown in FIGURE 2, signal leads 50 and 52 couple to
instrument amp 54, but may alternately or also couple to
signal leads 28 and 30, respectively, shown in FIGURE 1.
Excitaticn leads 46 and 48 also couple to virtual ground
regulator 36 at inputs 56 and 58, respectively.

Virtual ground regulator 36 receives an excitation
signal from excitation leads 46 and 48, and outputs a
center reference voltage 118 from output 60 for use by
instrument amp 68. Ground port 62 of virtual ground
regulator 36 couples to reference common 91, which may be
coupled to excitation lead 46.

Instrument amp 68 couples to signal 1lead 50 at
positive input 66, signal lead 52 at negative input 70, to
virtual ground regulator 36, and to reference common 91.
The polarity markings as shown in FIGURE 2 may be used when
excitation 1lead 46 and signal lead 50 are carrying a
positive DC polarity, and excitation lead 48 and signal
lead 52 are carrying a negative DC polarity. The output of
instrument amp 68 couples to processor 72 at signal input
74. Processor 72 also receives an input from clock 78 via

clock input 76 and from data memory 82 at memory input 80.
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Processor 72 is a data processing device that couples
to instrument amplifier 68, data send field effect
transistor (FET) 86, data memory 82, and clock 78.
Processor 72 receives data from instrument amplifier 68
through signal input 74, and processes the data for storage
on data memory 82. Processor 72 also receives digitally-
encoded commands through instrument amplifier 68, and
processes data 1in response to those commands and in
accordance with software systems operating on memory
devices contained within processor 72. Processor 72 also
retrieves digitally-encoded data from data memory 82 and
transmits that data over signal leads 50 and 52 by turning
data send FET 86 on and off to digitally-encode the data
retrieved from data memory 82.

Data memory 82 is an electrically erasable
programmable read-only memory (EEPROM) that is operable to
store data. Data memory 82 may alternately or also
comprise other suitable memory storage devices, such as a
random access memory (RAM). Processor 72 couples to data
memory 82 in a manner that allows data to be written to and
read from data memory 82.

Data send FET output 84 of processor 72 couples to
data send FET 86 through resistor 88. Source 92 of data
send FET 86 couples to excitation lead 46 through resistor
90. Drain 94 of data send FET 86 couples to signal lead
50.

In operation, an excitation signal is applied to
excitation leads 46 and 48 of torque transducer assembly

14. Threaded fastener driver 10 is not applying a torque
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to a threaded fastener at this time, such that no
mechanical strain is applied to the material that forms
resistors 38, 40, 42, and 44. Therefore, resistors 38, 40,
42, and 44 are initially balanced, and the signal produced
across signal leads 50 and 52 is approximately zero.

Before applying power to electric motor 12 and causing
shaft 16 to rotate, switch 98 is closed, which causes load
resistor 96 to placed across bridge resistor 38. The
parallel combination of 1load resistor 96 and bridge
resistor 38 causes resistor bridge 32 to become unbalanced,
which results in a predetermined net voltage across signal
leads 50 and 52. If the measured voltage across signal
leads 50 and 52 is not equal to the predetermined net
voltage, an error signal is generated and power to electric
motor 12 may be disabled.

When threaded fastener driver 10 applies a torque to
a threaded fastener via shaft 16 and driver head 18, the
resistance of one or more of bridge resistors 38, 40, 42,
or 44 changes in proportion to the torque applied. This
change in resistance unbalances resistor bridge 32, which
creates a voltage across signal leads 50 and 52. This
voltage signal is applied to positive input 66 and negative
input 70 of instrument amp 68, which amplifies the voltage
and applies it to signal input 74 of processor 72.

Processor 72 is operable to perform data processing
functions on the voltage signal received at signal input
74, such as determining whether the signal is a cycle of
threaded fastener driver 10, a calibration cycle, or data

that is being transmitted to processor 72. One method for
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processing data received at processor 72 1is further
described in regards to FIGURE 4, and involves measuring
the rise time of the signal. Alternately, processor 72 may
perform other data processing functions that determine
whether the signal is a cycle of threaded fastener 10, such
as measuring the direction of current on excitation leads
46 and 48.

Processor 72 receives a clock signal from clock 78 via
clock input 76. This clock signal provides a timing
reference to processor 72. Likewise, processor 72 1is
operable to transfer data to data memory 82, and to receive
data stored on data memory 82.

One skilled in the art will recognize that wvarious
substitutions and modifications can be wmade to the
electrical schematic diagram of circuit 31 without
departing from the spirit or the scope of the present
invention. For example, if a ground lead is available,
virtual ground regulator 36 may be omitted. In addition,
bridge circuit 32 may be replaced by other suitable
transducers, such as pressure transducers or strain
transducers.

FIGURE 3 is a block diagram of a data processing and
data memory circuit 100 similar to circuit 31 of FIGURE 2
for use in conjunction with a torque transducer. Data
processing and data memory circuit 100 includes input
circuitry 102 (I/0O), amplifier 104, microprocessor 106,
c¢lock circuit 108, EEPROM 110, random access memory (RAM)
112, virtual ground generator 114, data send FET 86, and

voltage regulator 116. Data processing and data memory
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circuit 100 may comprise discrete components or a single
monolithic silicon device, and may be installed inside
torque transducer housing 15, the housing of motor 12,
external to threaded fastener driver 10, or in other
suitable locations.

Data processing and data memory circuit 100 may be
installed in parallel with a torque transducer, such that
the functionality of the torque transducer remains the
same. Data processing and data memory circuit 100 may
remain transparent to a tool controller that i1s not
designed to interface with the circuit, but will
nonetheless continue to count and store torque tool cycles.

Input circuitry 102 couples to excitation leads 46 and
48 and signal leads 50 and 52, and also couples to
amplifier 104, wvirtual ground generator 114, voltage
regulator 116, microprocessor 106, and data send FET 86.
Input circuitry 102 is operable to protect data processor
and data memory circuit 100 from inadvertent connection
with voltages of an improper polarity. For example, input
circuitry 102 may include a diode bridge that protects the
electronic components of data processing and data memory
circuit 100 from being damaged if the polarity of the
voltage signal applied to excitation leads 46 and 48 and
signal leads 50 and 52 is reversed.

Input circuitry 102 is further operable to transmit
the signal received at signal leads 50 and 52 to amplifier
104, and to receive encoded data on signal lead 50 from
data send FET 86. Input circuitry 102 is also operable to

transmit the signal received at excitation leads 46 and 48
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to amplifier 104, virtual ground generator 114, voltage
regulator 116, and microprocessor 106.

Amplifier 104 receives a signal from input circuitry
102 that is derived from signal leads 50 and 52, and
amplifies the signal. Amplifier 104 also couples to
microprocessor 106 and virtual ground generator 114.
Amplifier 104 transmits the amplified signal received from
signal 1leads 50 and 52 via input circuitry 102 to
microprocessor 106. Amplifier 104 corresponds to
instrument amp 68 in FIGURE 2.

Microprocessor 106 is operable to receive the signal
from amplifier 104 and to process data encoded in the
signal. For example, microprocessor 106 can determine the
number of torgque cycles that a torque tool undergoes when
data processing and data memory circuit 100 is installed in
parallel with a torgue transducer 14, such as is shown in
FIGURE 3. Microprocessor 106 is further operable to store
and retrieve tool identification and stored cycle count

information on a first memory device such as EEPROM 110 and

~on a second memory device such as RAM 112 that is

transmitted to data processing and data memory circuit 100
through signal leads 50 and 52. Microprocessor 106 couples
to amplifier 104, input circuitry 102, clock circuit 108,
EEPROM 110, RAM 112, virtual ground generator 114, voltage
regulator 116, and data send FET 86.

Clock circuit 108 1is a standard pefiodic signal
generator that provides a timing signal to microprocessor
106. For example, clock circuit 108 may include an

electrically-stimulated oscillating crystal, wherein the
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timing signal is based on the frequency of oscillation of
the crystal. Clock circuit 108 couples to microprocessor
106.

EEPROM 110 is preferably an electrically erasable
programmable read-only memory that receives data and
control commands from microprocessor 106. Upon receipt of
appropriate signals from microprocessor 106, EEPROM 110 is
functional to store digitally-encoded data. Likewise,
EEPROM 110 is further operable to allow the digitally-
encoded data to be read upon receipt of appropriate signals
from microprocessor 106. EEPROM 110 is preferably a non-
volatile data memory that is operable to store data
indefinitely after power to EEPROM 110 has Dbeen
interrupted. EEPROM 110 couples to microprocessor 106 and
voltage regulator 116.

RAM 112 1s a random access memory that stores
digitally-encoded data received from microprocessor 106.
RAM 112 is preferably a volatile digital data memory, and
cannot store memory after power to RAM 112 has been
interrupted. The data stored on RAM 112 may be read by
microprocessor 106. RAM 112 couples to microprocegsor 106
and voltage regulator 116.

Virtual ground generator 114 determines a virtual
ground based upon the voltage signal of excitation leads 46
and 48. Virtual ground generator 114 replaces an actual
ground lead, which is advantageous in the present invention
because of the absence of additional cabling for such a
ground lead. Virtual ground generator 114 couples to

amplifier 104 and input circuitry 102. Virtual ground
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generator 114 receives an excitation signal from excitation
leads 46 and 48 via input circuitry 102, and outputs a
virtual ground signal to amplifier 104. Virtual ground
generator 114 corresponds to virtual ground regulator 36 in
FIGURE 2.

Voltage regulator 116 receives an excitation signal
from excitation leads 46 and 48 and outputs a five-volt
signal to microprocessor 106, EEPROM 110, and RAM 112.
Voltage regulator 116 couples to microprocessor 106, input
circuitry 102, EEPROM 110, and RAM 112.

In operation, data processing and data memory circuit
100 is operable to receive a signal from signal leads 50
and 52 and to process the signal. For example, data
processing and data memory circuit 100 may process the
signal to determine the number of torque tool cycles that
have been generated, and may store this number of cycles on
RAM 112 or EEPROM 110. Furthermore, microprocessor 106 of
data processing and data memory circuit 100 is operable to
determine whether a calibration signal has been received,
and to digitally-encode data on signal lead 50 using data
send FET 86.

One gkilled in the art will recognize that wvarious
substitutions and modifications can be made to data
processing and data memory circuit 100 without departing
from the spirit or the scope of the present invention. For
example, if a ground lead to data processing and data
memory circuit 100 is available, virtual ground generator
114 may be omitted. In addition, EEPROM 110 and RAM 112

may be replaced by other suitable memory devices.
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FIGURES 4A through 4C are a flow chart of method 140
for monitoring tool cycles, in accordance with teachings of
the present invention. Method 140 may be used in
conjunction with the apparatus shown in and described in
relation to FIGURES 1 through 3, or with other suitable
devices 1in accordance with teachings of the present
invention. At step 142, the signal received over signal
leads 50 and 52 is sampled by data processing and data
memory circuit 100 of torque transducer assembly 14.
Sampling occurs when the signal at signal leads 50 and 52
is amplified by amplifier 104 of FIGURE 3. Amplifier 104
inputs the amplified signal to microprocessor 106, which
reads the signal as either a logical one or a logical zero,
characteristic of digitally encoded data.

At step 144, the signal received at step 142 is
compared by microprocessor 106 to a predetermined second
reference signal magnitude stored on EEPROM 110. If the
signal received over signal leads 50 and 52 at step 142 is
greater than this predetermined second reference signal
magnitude, the method proceeds to step 146. Otherwise, the
method returns to step 142, where the signal at signal
leads 50 and 52 is sampled again.

At step 146, a 200-microsecond timer is activated.
For example, microprocessor 106 may include operating
instructions that cause it to count a number of clock
cycles that elapse during a 200-microsecond interval.
After the 200-microsecond timer has timed-out, the method
proceeds to step 148. At step 148, the signal from signal

leads 50 and 52 is again sampled, and the sampled voltage
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signal magnitude is compared with the predetermined second
reference signal magnitude. If the signal sampled from
signal leads 50 and 52 at step 148 is greater than the
predetermined second reference signal magnitude, the method
proceeds to step 150. Otherwise, the method returns to
step 142.

At step 150, a 300-microsecond timer is run, such as
in a manner similar to that of the 200-microsecond timer
previously described. After the 300-microsecond timer has
timed out, the method proceeds to step 152. At step 152,
the voltage signal from signal leads 50 and 52 is again
sampled. If the magnitude of the voltage signal from
signal leads 50 and 52 sampled at step 152 is greater than
a predetermined first reference signal magnitude, then a
tool cycle is not occurring, because the rise time of the
voltage signal is too rapid. Instead, the voltage signal
sampled from signal leads 50 and 52 may be encoded digital
data. The method proceeds to step 154, where the presence
of encoded digital data on signal leads 50 and 52 is
determined.

If the signal received at signal leads 50 and 52 is
not digitally encoded data, the method proceeds to step 156
to determine whether the signal received at signal leads 50
and 52 indicates that threaded fastener driver 10 is being
cycled. At step 156, a five-millisecond timer is run.
After the five-millisecond timer has timed out, the method
proceeds to step 158. At step 158, the signal received
over signal leads 50 and 52 is sampled again. If the

signal sampled at step 158 is greater than the
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predetermined second reference signal magnitude, the signal
is indicative that threaded fastener driver 10 1is
undergoing a torque cycle, and the method proceeds to step
160. Otherwise, the signal may be a random noise signal or
other spurious signal, and the method returns to step 142.

If the method has proceeded to step 160, the signal
received at signal leads 50 and 52 has exceeded the
predetermined second reference signal magnitude for greater
than five milliseconds, but has not reached the
predetermined first reference signal magnitude in less than
500 microseconds. This rise time shows that the signal
received is indicative of a torque cycle of threaded
fastener driver 10. The stored cycle count on RAM 112 of
FIGURE 3 1is incremented by one by microprocessor 106 of
FIGURE 3. This stored cycle count is then stored on RAM
112 of FIGURE 3.

At step 162, a 600-millisecond timer is run, to allow
the signal being generated by torque transducer assembly 14
to fall below the predetermined second reference signal
magnitude. After the 600-millisecond timer has timed out,
the method proceeds to step 164. At step 164, the signal
received at signal leads 50 and 52 is sampled. If the
sampled signal is greater than the predetermined second
reference signal magnitude, then the signal generated by
torque transducer assembly 14 during the measured cycle of
threaded fastener driver 10 has not yet abated, and the
method proceeds to step 166. At step 166, a timer is
activated for a predetermined ©period, such as 5

milliseconds, to allow the signal generated by torque



10

15

20

25

WO 98/17985 PCT/US97/19344

20

transducer assembly 14 to abate. After the timer times
out, the method returns to step 1l64.

If the signal sampled at signal leads 50 and 52 at
step 164 is less than the predetermined second reference
signal magnitude, the signal generated by torque transducer
assembly 14 has abated. The method proceeds to step 142,
where the signal at signal leads 50 and 52 is monitored to
detect the beginning of another threaded fastener driver 10
cycle, or the transmission of digitally-encoded data.

Returning to step 152, if the signal sampled at signal
leads 50 and 52 at step 152 1is greater than the
predetermined first reference signal magnitude, this is
indicative that a digitally-encoded command is being
received via signal leads 50 and 52 for processing by
microprocessor 106 of FIGURE 3. The method proceeds to
step 154, which checks for the presence of a command being
transmitted over signal leads 50 and 52. Step 154 proceeds
to step 168, where a 4.167 millisecond timer is run.

If encoded digital data is being transmitted, the data
is being transmitted at a predetermined digital data
transmission rate. For example, if the data is being
transmitted at a digital data transmission rate of 300
baud, one digital bit of data will be transmitted every
1/300 or 3.33 milliseconds. 1In this example, the bit time
is therefore 3.33 milliseconds. The digital data baud rate
will also determine the sampling frequency, as digitally
encoded data should be sampled near the center of the bit.
Thus, for digitally-encoded data being transmitted at a

rate of 300 baud, data should be sampled at 1.5 bit times
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or 5 milliseconds after the start bit. For the method
shown in FIGURE 4 as applied to the present example, 0.5
milliseconds has already elapsed, plus some additional
processing time. Therefore, the first data bit should be
sampled at approximately 4.167 milliseconds after the
method reaches step 152.

After the timer has timed out, the signal received at
signal leads 50 and 52 is sampled at step 170. At step
172, the number of bits that have been sampled is checked.
If eight bits have been sampled, the method proceeds to
step 176. If less than 8 bits have been sampled, the
method proceeds to step 174.

At step 174, a 3.33 millisecond timer is run, which is
the length of time that must elapse until the center of the
next bit time is reached in the present example. After the
timer has timed out, the method returns to step 170 so that
the next bit of digitally encoded data may be measured.

If eight bits have been sampled at step 172, one byte
of digitally encoded data has been received, and the method
proceeds to step 176 to check for the presence of a stop
bit. At step 176, the signal received at signal leads 50
and 52 is sampled. If the sampled signal is equivalent to
a predetermined stop bit, such as a logical 0 or a logical
1, then the method proceeds to step 178. 1If a stop bit has
not been detected at step 176, then a framing errxor has
occurred, such that the first bit detected by torque
transducer assembly 14 was not the first bit of the data

byte being transmitted. The method proceeds to step 182,
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where a framing error message 1is generated. The method
then returns to step 142.

If a stop bit has been detected at step 176, then one
byte of data may have been correctly received, and the
method proceeds to step 178. Nevertheless, there is a
fifty percent chance that a subsequent data bit may be the
same as the predetermined stop bit. Therefore, additional
methods described below are used to verify data quality.
The first method begins at step 178, where the eight bits
received over signal leads 50 and 52 are compared with the
list of legal commands stored on RAM 112. These eight bits
are the first byte of data, which represents the first
character of a command. At step 180, this first character
is tested to determine whether any legal commands begin
with this first character. If no legal commands begin with
this first character, then an error has occurred in command
transmission or data reception, and the method returns to
step 142. If one or more commands are defined by the first
character, the method proceeds to step 184.

At step 184, a 53-millisecond timer is started, and
the method then proceeds to step 186 as the 53 millisecond
timer runs. At step 186, the signal received over signal
leads 50 and 52 is sampled. At step 188, the signal
sampled at step 186 is tested to determine if it is a start
bit. If the signal is a start bit, the method proceeds to
step 192. Otherwise, the method proceeds to step 190.

At step 190, the 53-millisecond timer is checked for
timeout. If the 53-millisecond timer has timed out, then

53 milliseconds have elapsed without the occurrence of a
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start bit for another byte, and receive timeout has
occurred. The method then returns to step 142 to await the
transmission of data or the occurrence of a torque cycle of
threaded fastener driver 10. If the 53-millisecond timer
has not timed out, then receive timeout has not occurred
and the method returns to step 186.

If a start bit is detected at step 188, a 4.167
millisecond timer is run at step 192 to allow the presence
of a first data bit to be tested for. After the 4.167
millisecond timer has timed out, the method proceeds to
step 194. At step 194, the signal received at signal leads
50 and 52 is sampled. If all eight bits of the next byte
have been sampled at step 196, the method proceeds to step
200. Otherwise, the method proceeds to step 198. At step
198, a 3.33 millisecond timer is run to allow the next bit
to be tested for. After the 3.33 millisecond timer has
timed out, the method returns to step 194.

At step 200, the signal received at signal leads 50
and 52 is sampled to test for the occurrence of a stop bit.
If the sampled signal is a stop bit, the method proceeds to
step 204. If the sample signal is not a stop bit, then a
framing error has occurred and the method proceeds to step
202. At step 202, a framing error is declared, and the
method returns to step 142.

At step 204, the eight bits of the present data byte
and the previously-received bytes are compared with the
list of legal commands stored on RAM 112 by microprocessor
106 of FIGURE 3. If the received bytes are found to

correlate to a legal command at step 206, the method
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proceeds to step 208. Otherwise, a data generation or
transmission error has occurred and the method returns to
step 142. At step 208, it is determined whether a complete
command has been received. If a complete command has been
received, the method proceeds to step 210. Otherwise, the
method returns to step 192 for completion of transmission.

At step 210, a complete command has been received. It
is then determined whether the control record check bit
(CRC) of the received message is correct. The CRC is a
numerical value that is derived from the data received from
the message, and is used to verify the quality of data
received from a transmission. If the transmitted CRC
equals the CRC determined from the received data, the CRC
is said to be positive, and the method proceeds to step
214. If the transmitted CRC does not equal the CRC
determined from the received data, the CRC is said to be
negative. A negative CRC indicates that an error has
occurred in data transmission, and the method proceeds to
step 212 where a CRC error is declared. The method then
returns to step 142 to await transmission of data or the
occurrence of a torque cycle of threaded fastener driver
10.

If the transmitted CRC value is determined to be equal
to the CRC value derived from the data at step 210, the
method proceeds to step 214, where the command is processed
by microprocessor 106 of FIGURE 3. For example, a command
may cause microprocessor 106 to transmit data stored in RAM
112 or EEPROM 110 over signal leads 50 and 52. After the

command has been processed by microprocessor 106 at step
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214, the method returns to step 142 to await further
transmission of data or the occurrence of a torque cycle of
threaded fastener driver 10.

In operation, torque transducer assembly 14 is
initially calibrated by dead weight testing. During
calibration testing, calibration data, tool speed data,
tool torque capability data, and other suitable data is
stored on and retrieved from EEPROM 110. Storing this data
on and retrieving this data £from EEPROM 110 of torque
transducer assembly 14 alleviates tool tracking and
handling normally associated with tool calibration, because
the data may be easily read when the tool is connected to
the calibration equipment.

After the tool is calibrated, digitally encoded data
is transmitted to microprocessor 106 of torque transducer
assembly 14 over signal leads 50 and 52. This data may
include operating instructions for microprocessor 106 that
cause microprocessor 106 to store digitally encoded data
transmitted over signal leads 50 and 52 on EEPROM 110 or
RAM 112, retrieve digitally encoded data from EEPROM 110 or
RAM 112, or process other suitable commands. After
calibration procedures have been completed, any data stored
on RAM 112 that must be saved for future use must be stored
on EEPROM 110, prior to interruption of power to torque
transducer assembly 14.

After the tool is returned from the workshop to the
field for use, torque transducer assembly 14 monitors the
number of torque cycles that the tool undergoes. If the

signal received over signal leads 50 and 52 exceeds the
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predetermined second reference signal magnitude,
microprocessor 106 continues to sample the signal to
determine if the signal has a waveform that identifies it
as a torque cycle. If the signal exceeds the predetermined
first reference signal magnitude within a certain pericd,
then the signal 1is rising too quickly and cannot be
generated by a torque cycle. Alternately, if the signal
rises at an appropriate rate and stays above the
predetermined second reference signal magnitude but below
the predetermined first reference signal magnitude for a
sufficient period, then the signal has a waveform that
identifies it as a torque cycle of threaded fastener driver
10. Microprocessor 106 then increments the number of
torque cycles stored on RAM 112.

As previously mentioned, any data stored on RAM 112
must be transferred to EEPROM 110 prior to interruption of
power, or the data will be lost. Therefore, the previous
stored cycle count of the torque cycles measured by torque
transducer assembly 14 must be retrieved from EEPROM 110
after power 1is initially applied to torque transducer
assembly 14, and stored on RAM 112. The stored cycle count
may then be updated and stored on RAM 112 while threaded
fastener driver 10 is in use. Prior to interruption of
power, the torque cycle count stored on RAM 112 may then be
stored on EEPROM 110, thus reducing the number of times
EEPROM 110 must be written to and extending the life of
EEPROM 110.

One skilled in the art will recognize that the steps

of the present method may be altered or deleted without
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departing from the spirit or scope of the present
invention. For example, any steps that include the
execution of a timer for a period may be altered to run the
timer for any suitable period. Likewise, the order of
sampling, testing sampled signal, processing commands,
storing or retrieving data, or other similar functions may
be altered without departing from the spirit or scope of
the present invention.

Although the present invention has been described in
detail, it should be understood that various changes,
substitutions and alterations can be made hereto without
departing from the spirit and scope of the invention as

defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A circuit for wuse with a torque transducer
comprising:

the torque transducer operable to generate a signal in
response to an applied torque;

a data processor coupled to the torque transducer, the
data processor operable to receive the signal generated by
the torque transducer; and

a torque transducer housing with the data processor

and the torque transducer contained therein.

2. The circuit of Claim 1 further comprising a
virtual ground generator coupled to the data processor, the
virtual ground generator operable to receive an excitation

signal and to output a center reference signal.

3. The circuit of Claim 1 further comprising a data
send switch coupled to the data processor and a signal
lead, wherein the data processor is operable to turn the
data send switch on and off so as to encode digital data on

the signal lead.

4, The circuit of Claim 3 wherein the data send

switch is a field effect transistor.
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5. The circuit of Claim 1 further comprising:

a data memory coupled to the data processor, wherein
the data memory is contained within the torque transducer
housing, the data memory operable to receive digitally
encoded data from the data processor and to store the
digitally encoded data; and

the data processor operable to read the digitally

encoded data from the data memory.

6. The circuit of Claim 5 wherein the data memory is
an electrically erasable programmable read only memory and
the data processor is further operable to store data to the

electrically erasable programmable read only memory.

7. The circuit of Claim 5 wherein the data memory is

a random access memory.

8. The circuit of Claim 1 wherein the data memory
comprises an electrically erasable programmable read only
memory and a random access memory and the data processor is
further operable to store data to the electrically erasable

programmable read only memory and the random access memory.

9. The circuit of Claim 1 wherein the torque

transducer is a resistive strain gauge element bridge.
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10. A circuit for use with a torque transducer
comprising:

the torque transducer operable to generate a signal in
response to the applied torque;

a data processor operable to receive the signal
generated by the torque transducer;

a first data memory device coupled to the data
processor;

a second data memory device coupled to the data
processor;

the first data memory and the second data memory are
operable to receive digitally encoded data from the data
processor and to store the digitally encoded data; and

the data processor is operable to read the digitally
encoded data from the first data memory and the second data

memory .

11. The circuit of Claim 10 further comprising a
torque transducer housing with the data processor, the
first data memory device, and the second data memory device

contained therein.

12. The circuit of Claim 10 wherein the first data
memory device 1is an electrically-erasable programmable
read-only memory and the second data memory device is a

random access memory.



WO 98/17985 PCT/US97/19344

31

13. The circuit of Claim 10 further comprising a data
send switch coupled to the data processor and a signal
lead, and the data processor is operable to turn the data
send switch on and off so as to encode digital data on the

signal lead.

14. The circuit of Claim 13 wherein the data send

switch is a field effect transistor.

15. The circuit of Claim 10 wherein the torque

transducer is a strain gauge.
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16. A torque transducer with data memory comprising:

a torque transducer operable to generate a signal in
response to an applied torque;

a data memory coupled to the torque transducer, the
data memory operable to store digitally encoded data; and

a torque transducer housing with the data memory and

the torque transducer contained therein.

17. The torque transducer of Claim 16, wherein the
data memory comprises an electrically erasable programmable

read only memory.

18. The torque transducer of Claim 16 wherein the

data memory comprises a random access memory.

19. The torque transducer of Claim 16 wherein the
data memory comprises an electrically-erasable programmable

read only memory and a random access memory.
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20. A system for measuring and recording an amount of
torque applied to a shaft including a torque transducer
with data processing capabilities comprising:

the torque transducer operable to convert the torque
applied to the shaft into an electrical signal;

a data processor operable to receive the electrical
signal;

a data memory operable to store digitally encoded data
received from the data processor; and

a torque transducer housing operable to enclose the

torque transducer, data processor, and data memory.

21. The system of Claim 20 further comprising the
data processor operable to detect when the electrical
signal indicates a torque cycle and the data processor
further operable to increment a number torque cycles stored

by the data memory when each torque cycle is detected.

22. The system of Claim 20 further comprising the
data processor operable to detect when the electrical
gignal indicates a torque cycle and a calibration cycle and
the data processor further operable to increment the number
of torque cycles stored by the data memory when each torque

cycle is detected.
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