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ing and the adaptor and comprises electrical conductors for connecting the control
circuit to the probe circuit.
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REMOVABLE MAGNETOSTRICTIVE PROBE WITH AUTOMATIC CALIBRATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not Applicable.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

{0002} Not Applicable.

MICROFICHE/COPYWRITE REFERENCE

{00031 Not Applicable.

FIELD OF THE INVENTION

{0004] This invention relates to process conirol instruments, and more
particularly, to a magnetostrictive transmitter including a removable probe and with

automatic calibration.
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BACKGROUND

{0005} Process control systems require the accurate measurement of process
variables. Typically, a primary element senses the value of a process variable and a
transmitter develops an cutput having a value that varies as a function of the process
variable. For example, a level fransmitfer includes a primary element for sensing
fevel and a cirouit for developing an electrical signal proportional to or representing

sensed level,

{0008] Knowledge of level in industrial process tanks or vessels has iong been
required for safe and cost-effective operation of plants. Many technologies exist for
making level measurements. These include magnetostrictive, capacitance, ultrasanic

and microwave radar, {o name a few.

[0007} One form of process instrument is of the intrusive type in which the
primary element is in direct contact with the process fluid for sensing level. A
magnetostrictive transmitter is an example of an intrusive type level measurement
instrument. A magnetostrictive transmitter has a probe including a magnetostrictive
wire maintained under tension in a tube, The probe extends into the process vessel,
A magnetic float is movable proximate the probe and floats atop the fluid in the
vessel. An electrical pulse is transmitted on the magnstostrictive wire. The electrical
pulse inferacts with the magnetic field of the float, which creates a torque on the wire
to produce a torsional force on the wire, thus initialing a torsional wave that

propagates along the wire at the speed of stund. This is known as the Wiedemann
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effect. Typically, a pickup sensor is positioned at one end of the wire to sense the
torsional wave on the wire, The elapsed time is measured between the launch of the
electrical pulse and the signal from the pickup sensor. The distance betwesn the
magnat and the pickup sensor is calculated from the measured elapsed time

multiplied by the speed of the torsional wave, representing level.

{0008} The signal from the pickup sensor is a relatively low level signal. Thus,
the transmitter must generally be mounted as close as possible to the probe.
Typically, the probe is an integral component of the magnetostrictive fransmitter and

they are assembled and tested together during manufacturing.

[6009] Advantageously, the transmitter would be removable from the probe
and also be remote mountable. In fact, it would be advantageous to replace a
transmitter, if necessary, without removing the probe from the process vesssl.
However, the flexibility fo remove the transmitter from the probe runs the risk that
calibration of the system will be corrupted when the transmitter is not placed on the
probe for which it was originally calibrated. The calibration is typically stored in the
transmitter and accounts for variations in the performance of the probe. When the
probe and the transmitter are always inseparable, calibration is not an issue.
Allowing the transmitter fo be removed from the probe tuns the risk of poor

performance because of the incaorrect calibration.

[06101 The performance of the system is also dependent on how far the

fransmitter's amplifiers are separated from the pickup sensor of the probe. The

e
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magnetostrictive sensor generates very small signals that can be corrupted by
electromagnetic interference. This issue is made worse by spacing the circuitry

further from the pickup sensor.

{6011} This application is directed to improvements which allow g transmitier

o be removable andior remote mountable.

SUMMARY

{00123] As disclosed herein, a magnetostrictive probe is removable from a

magnetostrictive transmitter and is provided with automatic calibration.

0013} As also disclosed herein, the magnetostrictive transmitter can be

remotely mounted relative to magnetostrictive probe.

00143 There is disclosed herein, a magnetostrictive sansing instrument
comprising a probe including an elongate tube having a near end and a distal end. A
magnetostrictive wire is in the fube. An adaptor at the tube near end includes a
probe circuit comprising a drive circuit for the magnetostrictive wire, a pickup sensor
and a preamplifier cireult.  An instrument housing includes a control circuit,. A
connector is operatively disposed between the instrument housing and the adaptor
and comprises electrical conductors for connecting the control circuit to the probe

cirouit,



[0014A] There is disclosed herein, a magnetostrictive sensing instrument
comprising a probe including an elongate tube having a near end and a distal end. A
magnetostrictive wire is in the tube. An adapter at the tube near end includes a probe
circuit comprising a drive circuit for the magnetostrictive wire, a pickup sensor and a
preamplifier circuit. An instrument housing includes a control circuit. A two part
connector assembly is operatively disposed between the instrument housing and the
adapter and comprises a probe connector and a transmitter connector for mechanically
connecting the probe to the instrument housing. The transmitter connector comprises
electrical connectors electrically connected to the control circuit and the probe connector

comprises electrical connectors electrically connected to the probe circuit.

-4A-
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10015} it is a feature that interaction between an elecirical pulse on the
magnetostrictive wire from the drive circuit and a magnetic field produces a torsional
wave on the magnetostrictive wire sensed by the pickup sensor. The preamplifier

circuit amplifies a signal from the pickup sensor for transmission to the controt cireuit.

[0016] it is another feature that the probe circuit comprises a memory drcuit

storing calibration parameters for the probe.

{00171 it is still a further feature that the connector comprises an elongate

conduit for remotely mounting the instrument housing relative {o the probe.

{0018] it is another feature thal the connector comprises a removable

connector for removing the instrument housing from the probe.

[o014y it is an additional feature that the preamplifier circuit amplifies and

filters a signal from the pickup sensor.

{0620} It is a further feafurs that the control circuit is operable to determine if

the probe is connected {o the control circuit.

{0021} There is also disclosed herein a magnetostrictive sensing instrument
comprising a probe including a tube having a near end and a distal end. A
magnetostrictive wire is in the fube. An adaptor at the tube near end includes a
probe circuit comprising a drive circuit for the magnetostrictive wire, a pickup sensor
and a memory circuit storing calibration parameters for the probe. An instrument

housing includes a control circuit. A connector is operatively disposed between the
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instrument housing and the adaptor and comprises electrical conductars for

connecting the control circuit to the probe circuit.

[0022] It is a feature that the control circuit is operable to read calibration

parameters from the memory.

{0023] It is another feature that the probe connector comprises a removable

connecter for removing the instrument housing from the probe.

§0024] tis a further feature that interaction between an slectrical pulse on the
magnetostrictive wire from the drive circuit and a magnetic field produces g torsional
wave on the magnetfosirictive wire sensed by the pickup sensor and the calibration

parameters are used for analyzing the torsional wave.

[0025] it is yet another feature that the control circuit is operable to determine
if the probe comprises a new probe and responsive therete reads calibration

parameters from the memory.
{0026] Itis yet an additional feature that the memory circuit is write protected.

[0027] There is also disclosed herein a method of calibrating a
magnetostrictive sensing instrument comprising: providing a probe including an
elongate tube having a near end and a distal end, a2 magnetostriclive wire in the
tube, and an adapter at the tube near end including a transceiver circuit comprising a
drive circuit for the magnetostrictive wire, a pickup sensor and a memory circult
storing calibration parameters for the probe, providing an instrument housing

including a programmed controller; operatively connecting the instrument housing to

B
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the adapter for connecting the controller to the transceiver circuit; and the controfier
reading the calibration parameters from the memory circuit and subsequently using

the calibration parameters during normal measurement operations.

{06028} Qther features and advantages will be apparent from 3 review of the

entire specification, including the appended claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{0029} Fig. 1 is a perspective view of a magnetostrictive instrument with a

removable and/or remote mountable probe;

00303 Fig. 2 is a partial sectional view of the magnetostrictive instrument of

Fig. 1 with an adaptor and probe connector flustrated partially in section;

(00313 Fig. 3 is an electrical schematic of the instrument of Fig. 1;
(0032} Fig. 4 is an exploded, sectional view iliustrating the probe connector;
[0033} ~Figs. & and 6 are a flow chart llustrating operation of the

magnetostrictive sensing instrument of Fig. 1, and

[0034] Fig. 7 is a flow diagram illustrating a probe calibration routine for the

probe of the instrument of Fig. 1.



DETAILED DESCRIPTION

[0035] Referring to Fig. 1, a magnetostrictive level sensing instrument 20 is
ilustrated. As is conventional, the instrument 20 is operable to sense level of a
material, such as a fluid in a process vessel, and transmit an electrical signal

indicative of the level to control instrumentation.

{0036) The instrument 20 includes a transmitter 22 and a probe 24 connected
by a swivel connector 26. A magnetic float 28 is receivable on the probe 24. The
transmitter 22 includes a control housing 30. The housing 30 comprises a dual
compartment instrument housing as described in Mulrooney et al. U.S. Patent No.
6,062,905, the specification of which may be referred to for further details. The
housing 30 defines an elecfronics compartment 32 and a wiring compartment 34.
The compartments 32 and 34 are selectively closed by respective covers 36 and 38.
The electronics compartment 32 houses a sensing circuit, described below, for
determining level and generating an electrical signal representing level for

transmission to other control instruments, as is well known.

[0037] The float 28 comprises a conventional magnetic float, including internal
magnets, not shown. The float 28 is captured on the probe 24. As is known, the
magnetic float 28 floats atop the material the level of which is being sensed and
creates a magnetic field representative of the location of the top surface of the fluid

or other material. As is apparent, the float 28 could be replaced by another type of

-8-
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magnetic device for more generally sensing position of the magnet. Thus, the

sensing instrument 20 could alternatively sense position rather than level.

[6038] The probe 24 comprises an elongate stainless steel tube 40 having a
near end 42 and a distal end 44. The distal end 44 is closed by an end cap 48, see
Fig. 2. An adaptor 50 is mounted at the tube near end 42. The adaptor 50
comprises a cylindrical housing 52 extending upwardly from a threaded sleeve 54.
The threaded sleeve 54 is for connecting the probe 24 to an opening in a process
vessel (not shown). Alternatively, the threaded sleeve 54 may connect to a flange
56, see Fig. 2, for connection to a process vessel. The adaptor housing 52 houses a

pickup sensor 58 and a probe circit 50.

[0039] Referring also to Fig. 3, the probe 24 has a conventional
magnetostrictive wire 61 having a first end 62 and a second end 64. The wire
second end 84 is secured to the end cap 46, see Fig. 2, in any known manner. Both
ends 62 and 64 of the magnetostrictive wire 61 are connected to a drive circuit 66 of
the probe circuit 80. The pickup sensor 58 includes a sensor crystal assembly 68
which is operatively coupled to the magnetostrictive wire 61, in any known manner.
For example, the sensor crystal assembly 68 may sandwich the magnetostrictive
wire 67 as shown in U.§. Patent No. 7,466,124, owned by the Assignee of the

present application, the specification of which may be referred to for further details.

CA 2956800 2018-01-29
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{0040} The sensor crystal assembly 68 is electrically connected to a
preamplifier circuit 70 of the probe circuit 60. The probe circuit 80 also includes a

memory circuit 72. The memory circuit 72 is provided with a write protect function.

(00411 The transmitter 22 includes a control circuit 74. The control circult 74 is
connected via the swivel connector 26, as described below, to the probe circuit 80,
The control circuit 74 comprises a controlier in the form of & programmed
microcontroller 76. The microcontrolier 76 comprises a programmed processor and
associated memory and Y0, such as a keypad and display (not shown), for operafing

in accordance with a control program to cantrol operation of the instrument 20.

[08423 The swivel connector 28 comprises a multiconductor cable 78 inciuding
eight connector lines labslled A, B, C, D, EF, G and H. The swivel connector 26
could be an elongate conduit for remote mounting, or could be a two-part connector,

as described below, fo remave the transmitter 22 from the probe 24.

{00433 The microcontroller 76 includes DRIVE+ and DRIVE- outputs
connected via connector lines A and B to the drive circuit 6. A signal output fram
the preamp circult 70 is connected via the connector line G fo a signal output line of
the micracontroller 76, The microcontrofler 76 includes probe memory interface
ports connected via connector fines D and E to the memory circuit 72, Connector
lines F and G are provided for plus voltage and ground, as illustrated. The swivel
connector 26 illustrates a dashed line, representing a connector line H, used for a

write protect input of the memory circuit 72, This fine H is only used during a factory

10~
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calibration function, as described below, and does not connect to the microcontroller

78.

{6044] As is conventional, the microcontroller 76 controls the drive circuit 66 to
develop an electrical pulse on the magnetostrictive wire 61, A magnetic field from
the float 28 produces a torsional wave on the magnetostrictive wire 681 sensed by the
sensor crystal assembly 68, This wave is used by the microcontroller 76 fo
determine position of the float 28, or maore generally, the magnet, representing level

when implemented as a level measuring insfrument.

{0045] As described herein, the transmitter 22 is selectively removable from
the probe 24, This is done using the swivel connector 26 which enables the
transmitter 22 to be removed from the probe 24, and to be rotated reiative to the
probe 24. Alternativaly, the swivel connector 26 could be implemented in the form of
an elongate conduit to allow the fransmitter 22 to be remotely mounted relative to the

probe 24,

{0048} in the illustrated embodiment, the swivel connector 26 is a two-part
connector comprising a probe connector 80 and a transmitter connector 82. The
probe connector 80 comprises a metal probe connector housing 83 including an
offset boss 84 receiving a multi-pin wire connector 86. The muiti-pin wire connector
86 is cannected to a cable 78P representing the probe side of the electrical cable 78,

see Fig. 3.
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[0047] The transmitter connector 82 comprises a metal transmitter connector
housing 88 including a first bore 90 receiving the probe housing 82 and an offset
blind bore 92 receiving the offset boss 84. The offset blind bore 82 has a multi-pin
wire connector 94 for mating with the probe multi-pin wire connector 86. The multi-
pin wire connector 94 is electrically connected to a cable 787, representing the
transmitter side of the cable 78, see Fig. 3. The transmitter connector housing 88 is
rotatably received in a swivel 88. The swivel 98 mounts to the control housing 30, A
set screw 98 in the swivel 96 maintains the transmitter 22 in & desired orientation

during use.

(0048} The mechanical design of the swivel connector 26 assures proper
alignment of the multi-pin wire connectors 84 and 86 before insertion so that the
fragile contacts will not be damaged. The swivel design allows the fransmitter 22 to
rotate, afier the swivel connector 26 has been seated, {0 position the transmitter 22

gasily on the probe 24,

{0049} By using the preampilifier circuit 70 in the probe 24, the small sensor
signals from the sensor crystal assembly 88 are amplified and filtered in circuitry
near the sensor crystal assemnbly 868, The resulting amplified signals are suitable for

longer remote mounting distances.

{0054] The memory 72 in the probe circuit allows probe calibration values to
be stored in the probe 24, This includes a write protection mechanism so that the

probe memory 72 is only written fo during factory calibration. During calibration, the

42
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write protection is disabled and the probe memory 72 enabled. This prevents

calibration from being corrupted.

{60513 The use of a memory device 72 with a serial interface helps to reduce
the number of contacts required. The memory is large enough to store calibration
variables, model number information, calibration date, calibration location, serial

number, and other parameters. In this way, every probe 24 is uniquely identified.

{00521 The system alsa allows the transmitter 22 {o identify when a probe 24
is not attached or when a new probe 24 has been attached. When a new probe 24
is attached, the controller 76 will read the probe memory 72 and prompt the user that
a new probe has been identified. If the user agrees, then the system makes use of

the calibration data from the newly attached probe and begins operation.

[0053) Referring to Figs. 5 and 6, a flow diagram illustrates software relating to

the removable probe functions.

[0054] The software begins at a node 100 of Fig. 5 at power up. Affer
conventional initialization, the controller 76 reads the DRIVE+ and DRIVE- lines as
inputs at a biock 102. A decision block 104 determines if both inputs are low. As is
known, if the probe 24 Is not attached, then there is an open condition which will
result in a high input. If this is the case, then the software stores a diagnostic “no
probg” condition at a block 104, Control then loops back to the black 102, ¥ both
inputs are low, indicating that the probe is aftached, then a decision block 108

determines if the unit memory shows "no probe”. This would be the case if on the

-13.
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previous pass through the routine there was no probe attached. In other words, the
decision block 108 determines if a probe was previously not attached and now a
probe is attached. Under these circumstances, it is necessary to determine if the
probe is the same probe that was previously attached or a new probe. If the unit
does not show “no probe” at the decision black 108, then the program proceeds to a
block 110 which accepts the probe and continues to normal measurement
operations. The normal measurement operations comprise the normal routine for
determining position of the magnetic float 28, as discussed above. The routine
periodically checks to confirm that the probe remains attached at a block 112 as by

returning to the block 102

{0055} Returning to the decision block 108, if the unit previously showed "no
probe”, then a block 114 clears the "no probe” diagnostic. The probe memory 72 is
read at a block 116 to read in the various parameters associated with the probe and
its calibration funclion. A block 118 compares all of the parameters from the mermory
to values in the transmitter's non-volatile memory. If all the parameters are the
same, as determined at decision block 120, then the program recognizes that the
same probe is now attached and advances to the block 110, if all the paramsters
are not the same, then the program procesds via a node A to a block 122 on Fig. &6

as a new probe has been detacted.

{06356] Al the block 122, the transmitier 22 indicates that a new probe is
detected and waits for a the user to implement a key press at a block 124 which

operates in conjunction with block 126 to determine if any key press has been

A4~
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detected. If not, then the routine moves between the blocks 124 and 126 until a key
press is detected at which fime the program advances to a block 128 which displays
a message (o resel new probe diagnostics. A decision block 130 determines if an
enter key has been depressed. If not, then a decision block 132 determines if
another key has been depressed. If not, then the program moves back to the block
128, if so, then a block 134 allows the user to take other action via the transmitter
keypad. This would take the transmitter out of this routine until the other action has
been completed. If the enter keypad was depressed, as determined at the decision
block 130, then a block 136 requests a user password. A decision block 138
determines if the password is correct. I not, then the program returns to the block
128. If the correct password is entersd, then the parameters from the probe memory
72 are entered into the transmitter memary at @ block 140. The program then
proceeds via the node B fo the block 110, see Fig. 5, to continue to normal

measurement operation using the new calibration parameters.

{00577 As discussed above, the probe memory 72 is write protected. Data
can be written {o this memory only if the write protect function is disabled, which
cannot be done by the transmitter 22, As such, calibration can only be done by
securing the probe 24 fo an appropriate test fixture. Such a test fixture includes a
microcontroller and appropriate programming to test operation of the probe 24 and
determine the appropriate calibration parameters necessary to normalize a

measured signal.

~45-



CA 02956800 2017-01-30

WO 2016/022756 PCT/US2015/043931

[G088] The calibration routine is fllustrated in Fig. 7 beginning at a node 150,
The operator assembles the probe 24 at a block 152 and manually compiles
parameters such as probe length, serlal number, material being measured and the
fike. The probe 24 is then atfached to the calibration fixture at a block 154. The
probe’s write protection is disabled via the conductor H, see Fig. 3, to allow the
probe memory 72 o be written with calibration parameters. At a black 158, the
probe is tested for functionality. The performance parameters are documented.
These include, for exampie, sensitivity, threshold, conversion factor and scale offset,
A decision block 168 determines if functionality of the probe 24 is acceptable. If not,
the probe assembly is reworked at a block 180 and the operation returns fo the block
1588, If the functionality is acceptable, then the probe parameters are written 1o the
probe memory 72 at a block 182. The calibration fixture reads back the probe
parameters at a block 184 and determines at a decision block 166 if the parameters
match. If not, then the operator is prompted that the probe memory write failed at a
block 168 and the operation returns to the block 160. If the parameters match, then
the operation rechecks the probe performance and memory at a block 170 and then
determines if it is acceplable at a decision block 172, if not, then the operation

returng to the biock 180, if so, then the calibration routineg ends at the node 174,

[0059] Thus, as described herein, a magnetostrictive sensing instrument
allows the transmitter to be removed from the probe and o be used with a different

probe by providing for automatic calibration of the probe to the transmitter and uses
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a preamplifier in the probe to allow for remote mounting of the transmitter relative to

the probe,

[00560] It will be appreciated by those skilled in the art that there are many
possible modifications to be made to the specific forms of the features and
components of the disclosed embodiments while keeping within the spirit of the
concepts disclosed herein.  Accordingly, no limitations to the specific forms of the
embodiments disclosed herein should be read into the claims unless expressly
recited in the claims. Although a few embodiments have been described in detail
above, other modifications are possible. For example, the logic flows depicted in the
figures do not require the particular order shown, or sequential order, to achieve
desirable results. Other steps may be provided, or steps may be sliminated, from
the described flows, and other components may be added to, or removed from, the
described systems. Other embodiments may be within the scope of the following

claims.

AT~



The invention claimed is:

1. A magnetostrictive sensing instrument comprising:

a probe including an elongate tube having a near end and a distal end, a
magnetostrictive wire in the tube, and an adapter at the tube near end including a
probe circuit comprising a drive circuit for the magnetostrictive wire, a pickup sensor

and a preamplifier circuit;
an instrument housing including a control circuit; and

a two part connector assembly operatively disposed between the instrument
housing and the adapter comprising a probe connector and a transmitter connector
for mechanically connecting the probe to the instrument housing, the transmitter
connector comprising electrical connectors electrically connected to the control circuit
and the probe connector comprising electrical connectors electrically connected to the

probe circuit.

2. The magnetostrictive sensing instrument of claim 1 wherein interaction
between an electrical pulse on the magnetostrictive wire from the drive circuit and a
magnetic field produces a torsional wave on the magnetostrictive wire sensed by the
pickup sensor and the preamplifier circuit amplifies a signal from the pickup sensor for

transmission to the control circuit.

3. The magnetostrictive sensing instrument of claim 1 wherein the
connector assembly further comprises an elongate conduit for remotely mounting the

instrument housing relative to the probe.
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4. The magnetostrictive sensing instrument of claim 1 wherein the

connector assembly comprises a swivel connector.

5. The magnetostrictive sensing instrument of claim 1 wherein the

preamplifier circuit amplifies and filters a signal from the pickup sensor.

6. The magnetostrictive sensing instrument of claim 1 wherein the control

circuit is operable to determine if the probe is connected to the control circuit.

7. A magnetostrictive sensing instrument comprising:

a probe including an elongate tube having a near end and a distal end, a
magnetostrictive wire in the tube, and an adapter at the tube near end including a
probe circuit comprising a drive circuit for the magnetostrictive wire, a pickup sensor

and a preamplifier circuit;
an instrument housing including a control circuit; and

a connector operatively disposed between the instrument housing and the
adapter and comprising electricial conductors for connecting the control circuit to the
probe circuit, wherein the probe circuit comprises a memory circuit storing calibration

parameters for the probe.

8. A magnetostrictive sensing instrument comprising:

a probe including an elongate tube having a near end and a distal end, a
magnetostrictive wire in the tube, and an adapter at the tube near end including a
probe circuit comprising a drive circuit for the magnetostrictive wire, a pickup sensor

and a memory circuit storing calibration parameters for the probe;
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an instrument housing including a control circuit; and

a connector operatively disposed between the instrument housing and the
adapter and comprising electrical conductors for connecting the control circuit to the

transceiver circuit.

9, The magnetostrictive sensing instrument of claim 8 wherein the
connector comprises a removable connectar for removing the instrument housing

from the probe.

10. The magnetostrictive sensing instrument of claim 8 wherein the probe

circuit comprises a preamplifier circuit.

11.  The magnetostrictive sensing instrument of claim 8 wherein the control

circuit is operable to read calibration parameters from the memory.

12. The magnetostrictive sensing instrument of claim 11 wherein
interaction between an electrical pulse on the magnetostrictive wire from the drive
circuit and a magnetic field produces a torsional wave on the magnetostrictive wire
sensed by the pickup sensor and the calibration parameters are used for analyzing the

torsional wave.

13, The magnetostrictive sensing instrument of claim 8 wherein the control
circuit is operable to determine if the probe comprises a new probe and responsive

thereto reads calibration parameters from the memory.
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14. The magnetostrictive sensing instrument of claim 8 wherein the

memory circuit is write protected.

15. A method of calibrating a magnetostrictive sensing instrument

comprising:

providing a probe including an elongate tube having a near end and a distal
end, a magnetostrictive wire in the tube, and an adapter at the tube near end including
a probe circuit comprising a drive circuit for the magnetostrictive wire, a pickup sensor

and a memory circuit storing calibration parameters for the probe;

providing an instrument housing including a programmed controller;
operatively connecting the instrument housing to the adapter for connecting

the controller to the probe circuit; and

the controller reading the calibration parameters from the memory circuit and
subsequently using the calibration parameters during normal measurement

operations.

16. The method of claim 15 wherein during normal measurement operation
interaction between an electrical pulse on the magnetostrictive wire from the drive
circuit and a magnetic field produces a torsional wave on the magnetostrictive wire
sensed by the pickup sensor and the calibration parameters are used for analyzing the

torsional wave.

17. The method of claim 15 wherein the controller determine if the probe
comprises a new probe and responsive thereto reads calibration parameters from the

memory.
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18. The method of claim 15 wherein the memory circuit is write protected.

19. The method of claim 15 further comprising a probe calibration
operation comprising connecting the probe to a calibration fixture which tests
performance operation of the probe and determines the calibration parameters and

writes the calibration parameters to the memory circuit.

20.  The method of claim 15 further comprising a power up routine which
compares the calibration parameters in the memory circuit to calibration parameters

in the controller to determine if a new probe is detected.
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