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(57) ABSTRACT 

A modular Waveguide assembly for use in a position sensor 
promotes ef?cient manufacturing, and can be tested and 
handled separately from the electronics module of the sen 
sor. The Waveguide assembly includes a channel having an 
opening extending along its length, a Waveguide located 
Within the channel, a conductor located Within the channel, 
and a mode converter, such as a coil, located Within the 
channel and positioned to generate an electrical signal from 
a signal traveling along the Waveguide. A damping material 
can be inserted into the channel opening and around a 
portion of the Waveguide such that the material adheres to 
the Waveguide. Preferably, the damping material is at least 
initially partially ?oWable, and is then cured. A support 
sleeve for locating the Waveguide can also be included in the 
assembly, and includes an elongated tubular member com 
prising an integral piece of ?exible material and a plurality 
of constrictions spaced along its length for locating the 
Waveguide and protecting it from shock and vibration. The 
assembly can also include a support element for connecting 
the coil to the electronics module of the sensor. The element 
can include terminals electrically connected to the coil ends 
and a bore for receiving the Waveguide and conductor. In 
addition, the Waveguide assembly can be pre-calibrated for 
use With any electronics module by connecting a gain unit, 
such as a resistor, to the assembly. The gain unit is selected 
according to the characteristics of the Waveguide, such as its 
length and/or magnetostrictive sensitivity, and can be easily 
connected to the electronics module for control of the 
ampli?cation circuitry in the module. 
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MODULAR WAVEGUIDE ASSEMBLY AND 
METHOD FOR MAKING THE SAME 

TECHNICAL FIELD 

[0001] This invention relates to a modular Waveguide 
assembly for a position measurement system, and, more 
speci?cally, in a preferred embodiment, to a mechanical 
modular Waveguide assembly having an open channel for 
receiving and holding the Waveguide, an integral tube ?tted 
Within the channel and having constrictions for locating the 
Waveguide, a damping material Which is injected into the 
channel and around at least a portion of the Waveguide, a 
spool ?tted Within one end of the channel for holding a coil 
and the Wires associated With the Waveguide, and a ?exible 
cable connector attached to pins on the spool for ease in 
connection to an electronics assembly. 

BACKGROUND OF THE INVENTION 

[0002] A magnetostrictive linear position measurement 
system typically includes a magnetostrictive Waveguide 
Wire Which is housed in a protective tubular housing about 
Which a magnet is slidingly engaged. A current pulse can be 
sent through a Wire near the Waveguide, and this pulse 
interacts With a circular magnetic ?eld of the magnet to 
induce a torsional strain Wave in the magnetostrictive 
Waveguide at the location of the magnet. The ability of a 
material to deform in the presence of a magnetic ?eld is 
knoWn as magnetostriction. The strain Wave travels along 
the length of the Waveguide and passes through a coil Which 
converts the mechanical Wave into an electrical signal. To 
obtain the location of the magnet, the time betWeen the 
transmission of the current pulse and the reception of the 
signal from the coil can be measured and converted to a 
distance, because the speed at Which the torsional Wave Will 
travel along the Waveguide is knoWn. Accordingly, When the 
magnet is connected to a movable mass, such as a liquid 
level quantity or a movable element in a machine tool for 
eXample, the eXact position of the mass can be measured. 

[0003] Damping elements can be secured to the end of the 
Waveguide in order to prevent the strain Wave from being 
re?ected back along the Waveguide and interfering With 
ongoing measurements. Typically, such damping elements 
have been provided in the form of round rubber discs Which 
can be compressively arranged on the Waveguide Wire. Also, 
a sleeve can be provided for supporting and centering the 
Waveguide. One such sleeve available from Balluff Inc. 
includes a plurality of rigid interlocking tubular pieces 
having a plurality of rubber rings inserted therein for cen 
tering the Waveguide. In addition, an electronics module is 
typically connected to the coil for controlling the transmis 
sion of the current pulse and obtaining the position mea 
surement by timing the signal received from the coil. 

[0004] A number of disadvantages have been encountered 
With conventional magnetostrictive position sensors. For 
eXample, the assembly of such a sensor often requires a 
signi?cant amount of manual labor such as, for eXample, the 
labor required in mounting and locating the damping discs 
onto the Waveguide, or the labor required in ?tting together 
the various pieces and rings of the support sleeve. In 
addition, conventional sensors have provided no separate 
mounting member for the entire Waveguide assembly (Which 
includes the pulse Wire, damping elements, coil, and other 
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components), such that this complete assembly could be 
handled and tested separately from the ?nal product, and 
prior to being assembled With the electronics module and 
protective housing With Which it Will be used. In other 
Words, heretofore no means Was provided for handling, 
transporting, and stocking the Waveguide assembly separate 
from the electronics module so that the Waveguide assembly 
could be preassembled, pretested, and ready for connection 
to a customiZed electronics unit and housing assembly. In 
contrast, conventional sensors have required delicate han 
dling of the components until the complete unit Was con 
structed. 

[0005] Moreover, no capability Was previously provided 
for maintaining a number of preassembled Waveguide 
assemblies and a number of preassembled electronic assem 
blies on hand, and then easily connecting any such 
Waveguide assembly With any electronics assembly to be 
used upon demand by the customer. Furthermore, the deli 
cate Wires of the coil and the pulse Wire Were not conve 
niently held in one ?Xed location for simple and ef?cient 
interchangeability With the electronics unit. 

[0006] US. Pat. No. 4,958,332, issued to Tellerman, dis 
closes a damping device 30 for the remote end of a 
Waveguide Wire, Which includes a tubular housing and a 
remote housing section 34. The remote end of the Waveguide 
22 is held Within the damping device 30 by anchor 40 and 
the rest of the Waveguide eXtends from the device. Spacers 
46 and 47 are provided at the opposite ends of the chamber 
45 of the device 30. The spacer 47 is preferably of a soft 
rubber to reduce front-end re?ections. The chamber 45 of 
the device 30 is ?lled With a viscous liquid damping mate 
rial. The Waveguide 22, along With the damping device 30 
Which surrounds its remote end, ?ts Within an outer protec 
tive tube 20 Which connects to a housing 12 having a mode 
converter. A plug 14 provides an output indicating the 
spacing of the magnet 17 from the mode converter in the 
housing 12. 

[0007] US. Pat. No. 5,545,984, issued to Gloden et al., 
discloses a Waveguide 4 Which is partially enclosed in a 
suspension sleeve 2. Damping element 6 is slipped over the 
Waveguide 4 and is generally cylindrical in shape as is the 
suspension sleeve 2. The Waveguide 4, suspension sleeve 2, 
and damping element 6 reside in an enclosure tube 3 Which 
is mechanically supported at one end by a housing 17 
through an end ?ange 19. A suitable mode converter (not 
shoWn) provides an electrical signal to an electronic circuit 

[0008] Generally, hoWever, previously available magne 
tostrictive linear position sensors suffer from one or more of 
the above-mentioned problems, including dif?culty in 
assembly, inability to easily handle and test the Waveguide 
assembly separate from the electronics assembly and pro 
tective housing, inability to maintain a preassembled stock 
of Waveguide assemblies Which can be quickly and easily 
connected to a customiZed electronics assembly and support 
housing, and/or inability to quickly and easily connect any 
electronics assembly With a Waveguide assembly of any 
length. Accordingly, an apparatus and method Which avoids 
these problems Would be desirable. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the present invention 
to obviate the above-described problems. 
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[0010] It is another object of the present invention to 
provide a modular Waveguide assembly Which can be easily 
assembled. 

[0011] Yet another object of the present invention is to 
provide a modular Waveguide assembly Which lends itself to 
automated assembly. 

[0012] It is another object of the present invention to 
provide a modular Waveguide assembly Which can be pre 
assembled, tested, and stocked separately from the electron 
ics assembly, and housing With Which it Will eventually be 
used. 

[0013] It is also an object of the present invention to 
provide a modular Waveguide Which can be preassembled, 
tested and inventoried, for later custom matching With a 
desired electronics assembly as needed for a particular 
application. 

[0014] Another object of the invention is to provide a 
Waveguide assembly Which can be readily connected to a 
customiZed electronics unit and housing unit. 

[0015] It is another object of the present invention to 
provide a Waveguide assembly Which can be quickly and 
easily connected to an electronics unit. 

[0016] Yet another object of the invention is to provide a 
Waveguide assembly Which is relatively loW in cost, requires 
relatively feW pieces, and is relatively simple to assemble. 

[0017] Additional objects and advantages of the invention 
Will be set forth in part in the description that follows. 

[0018] To achieve the foregoing and other objects, and in 
accordance With the purposes of the present invention as 
described above, there is provided a Waveguide assembly for 
use in a position sensor having a protective outer housing to 
surround the Waveguide assembly, a magnet mounted for 
movement along the protective housing, and an electronics 
module Which receives an electrical signal from the 
Waveguide assembly and provides an output representing the 
position of the magnet. The Waveguide assembly can com 
prise an elongated channel, an elongated Waveguide located 
at least partially Within the channel, a conductor located at 
least partially Within the channel, and a mode converter 
connected to the channel. The elongated channel has an 
opening extending along at least a portion of its length, and 
the mode converter is adapted to generate an electrical signal 
from a signal traveling along the Waveguide. 

[0019] Preferably, the mode converter of the Waveguide 
assembly comprises a coil Which is Wound about a support 
element and has tWo ends Which are secured at the support 
element. In this preferred embodiment, the support element 
is at least partially received Within the channel and the 
Waveguide is received Within a bore in the support element. 
In another aspect of the invention, the support element 
comprises a base portion, a coil mounted to the base portion, 
and ?rst, second, third, and fourth terminals connected to the 
base portion. The ?rst terminal connects to a ?rst end of the 
coil and the second terminal connects to a second end of the 
coil. Preferably, the base portion is in the form of a spool and 
includes a recessed portion about Which the coil is Wound. 

[0020] It is also preferred that the Waveguide assembly 
includes a support sleeve located at least partially Within the 
channel and surrounding at least a portion of the Waveguide. 
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The support sleeve preferably includes constrictions spaced 
at irregular intervals along its length. In another aspect of the 
invention, the support sleeve comprises an elongated tubular 
member con?gured to receive a Waveguide and having 
oppositely disposed openings at its ends. The tubular mem 
ber can comprise an integral piece of ?exible material, and 
a plurality of constrictions spaced along its length. The 
effective inner diameter of the tubular member is smaller at 
the constrictions than at the other portions of the member. 

[0021] It is also preferred that the Waveguide assembly 
includes a partially ?oWable material Which is located Within 
the channel in contact With a portion of the Waveguide. 
Preferably, the damping material comprise a silicone mate 
rial. In another aspect of the invention, a method of assem 
bling the Waveguide assembly is provided. A Waveguide is 
inserted into a channel having an opening extending along a 
substantial portion of its length. A damping material is 
inserted into the opening and around at least a portion of the 
Waveguide such that the damping material adheres to a 
portion of the Waveguide. It is preferred that the damping 
material comprises an at least initially partially ?oWable 
material and that the damping material is cured after being 
inserted into the channel. 

[0022] The Waveguide assembly also preferably includes a 
gain unit connected to the channel and having at least one 
terminal adapted to connect to the electronics module. In 
another aspect of the invention, a pre-calibrated Waveguide 
assembly is provided comprising a mounting member, a 
Waveguide at least partially received Within the mounting 
member, and a gain unit connected to the mounting member. 
The gain unit includes at least one terminal adapted to 
connect to the electronics module of a position sensor, and 
is selected according to the length of the Waveguide to 
control the ampli?cation of an electrical signal to be pro 
cessed by the electronics module. Preferably, the gain unit 
comprises a resistor connected to a support element, and the 
mounting member comprises a channel to Which the support 
element is mounted. 

[0023] Still other aspects of the present invention Will 
become apparent to those skilled in this art from the fol 
loWing description Wherein there is shoWn and described a 
preferred embodiment of this invention, simply by Way of 
illustration, of a best mode contemplated for carrying out the 
invention. As Will be realiZed, the invention is capable of 
other different aspects and embodiments Without departing 
from the scope of the invention. Accordingly, the draWings 
and descriptions should be regarded as illustrative in nature 
and not as restrictive in nature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the invention, 
it is believed the same Will be better understood from the 
folloWing description taken in connection With the accom 
panying draWings in Which: 

[0025] FIG. 1 is a side vieW of an exemplary complete 
magnetostrictive linear displacement sensor made in accor 
dance With the present invention, illustrated in an applica 
tion Where a movable part of a device is connected to the 
sensor via a control arm; 
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[0026] FIG. 2 is a partially exploded perspective vieW of 
a modular Waveguide assembly made in accordance With the 
present invention, and for use in a sensor such as illustrated 
in FIG. 1; 

[0027] FIG. 3 is a longitudinal cross-sectional vieW of the 
modular Waveguide assembly of FIG. 2, in assembled form; 

[0028] FIG. 4 is a cross-sectional vieW of the modular 
Waveguide assembly of FIG. 3, taken along line 4-4; 

[0029] FIG. 5 is a perspective vieW of a coil spool in the 
vertical position, such as shoWn in FIG. 2 and FIG. 3, and 
made in accordance With the principles of the present 
invention; 
[0030] FIG. 6 is a bottom vieW shoWing the rear surface 
of the coil spool of FIG. 5; 

[0031] FIG. 7 is a top vieW shoWing the front surface of 
the coil spool of FIG. 5, shoWing its connection With a 
?exible cable connector having a Waveguide calibration 
resistor, according to the principles of the present invention; 

[0032] FIG. 8 and FIG. 9 are cross sectional vieWs 
shoWing alternative embodiments of the Waveguide assem 
bly, according to the present invention; 

[0033] FIG. 10 is a side perspective vieW of an alternative 
embodiment of the support element according to the present 
invention; and 

[0034] FIG. 11 is a side perspective vieW of an alternative 
embodiment of a channel according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] Referring noW to the draWings in detail, Wherein 
like numerals indicate the same elements throughout the 
vieWs, FIG. 1 illustrates a magnetostrictive linear position 
sensor Which includes an electronics housing 12, an attach 
ment ?ange 16, a Waveguide housing 14, and a magnet 
assembly 18. For protection, the Waveguide assembly, 
described in further detail beloW, resides in the stainless steel 
housing 14 and ?ange 16. The stainless steel housing 14 is 
connected and secured to the steel mounting ?ange 16, and 
the ?ange is illustrated as preferably including external 
threads 17 for threadably engaging the sensor 10 to a 
machine or apparatus in Which it Will be used. The elec 
tronics housing 12 is preferably made of an extruded alu 
minum and is connected and secured to the ?ange 16. Within 
the housing 12 resides the electronics and circuitry for 
processing the signal generated by the Waveguide assembly 
contained Within the housing 14 and ?ange 16. As Will be 
explained, the electronics and circuitry are electrically con 
nected to the coil and pulse Wire of the Waveguide assembly 
and are adapted to calculate the magnet position 18 from the 
signal received from coil. While particular materials have 
been described for construction of the electronics housing 
12, ?ange 16, and Waveguide housing 14, it is contemplated 
that other protective materials could equally be used as Well, 
such as, for example, ?berglass, plastics, aluminum, and/or 
composites. 

[0036] The magnet assembly 18 can be in the form of a 
plastic or aluminum ring Which surrounds the Waveguide 
assembly 14. HoWever, the magnet assembly 18 need not 
completely surround the housing 14, but, rather, can move 
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along one of the sides of the housing, such as the top side of 
the housing. Disposed Within and around the magnet assem 
bly 18 are a number of magnets (not shoWn) Which provide 
a magnetic ?eld for interacting With a current pulse and 
producing a strain Wave in a Waveguide. For example, four 
magnets could be spaced about the assembly 18. The magnet 
or magnets could be housed inside of a set screW or other 
magnet holder, such as, for example, a stainless steel ?oat. 

[0037] The magnet connects to the movable element, part, 
or ?uid Whose position is desired to be measured, such as by 
screWs or a snap ring for example. Other connections could 
also be made betWeen the magnet 18 and the element. For 
example, the magnet could connect With a control arm such 
as by a ball joint connection, sWivel eye connection, or 
pinned connection, for example. As the movable element 
moves along its axis, the magnet assembly 18 is forced to be 
correspondingly moved along the Waveguide housing 14 by 
the movable element. Accordingly, sensing the position of 
the magnet assembly 18 is equivalent to sensing the actual 
position of the movable element, as described in further 
detail beloW. 

[0038] A connector 22 is used to supply poWer to the 
sensor 10 and to interchange input and output signals 
betWeen the sensor 10 and the control circuitry and devices 
With Which it is used. The supply voltage could comprise, for 
example, a 24 volt DC input signal. The output signal of the 
sensor 10 represents the position of the magnet along the 
Waveguide housing 14 (and, therefore, the position of the 
movable element), and can be provided in a number of forms 
as desired, such as, for example 0-10 volt DC signal. 

[0039] The length of the Waveguide and its housing 14 
depends upon the application in Which it Will be used. 
Typically, this length can range from around 2 inches to over 
140 inches. HoWever, it is contemplated that other con?gu 
rations and lengths for the sensor 10 than those described 
above can be utiliZed Without departing from the scope of 
the invention. 

[0040] Preferably, the housings 12 and 14, and ?ange 16 
are adequately sealed such that moisture and ?uids external 
to the sensor 10 cannot easily reach the Waveguide assembly 
or electronics housed therein. 

[0041] FIG. 2, FIG. 3 and FIG. 4 depict a preferred 
embodiment of the modular Waveguide assembly of the 
present invention. In assembled condition, the Waveguide 
assembly resides Within the Waveguide housing 14 and 
?ange 16 of the sensor 10 of FIG. 1, and connects to the 
electronics module contained Within the electronics housing 
12 shoWn in FIG. 1. FIG. 2 is a partially exploded side 
perspective vieW of the modular Waveguide 24. The illus 
trated assembly 24 includes a holloW elongated magneto 
strictive Waveguide Wire 26 (also referred to herein as the 
“Waveguide”) Which carries the torsional Wave created by 
the interaction of the magnet, the current pulse, and the 
magnetostrictive material used to form the Waveguide Wire 
26. Aconductive pulse Wire 28 is strung through the center 
of the holloW Waveguide 26 and returns outside of the 
Waveguide. The pulse Wire can comprise a solid conductive 
Wire or a stranded conductive Wire, and is used to carry the 
current pulse through the Waveguide 26. 

[0042] Alternatively, the Waveguide 26 can comprise a 
solid Wire of conductive magnetostrictive material so as to 
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serve as the pulse conductor for the current pulse. In this 
alternative embodiment, a return Wire is connected to the 
end of the Waveguide for returning the current pulse back to 
its place of origin. Although a number of magnetostrictive or 
ferromagnetic materials may be used for the Waveguide Wire 
26, it is preferred that the Wire comprise a nickel iron (NiFe) 
material As used herein, the term “Waveguide” refers to a 
length of material having the ability to deform in the 
presence of a magnetic ?eld, such as, for example, a piece 
of ferromagnetic or magnetostrictive material. 

[0043] To support, center, locate, and/or suspend the 
Waveguide, a tubular support sleeve 30 is provided, as 
shoWn in FIG. 2 and FIG. 3. The sleeve 30 preferably 
comprises a holloW, integral piece of silicone rubber mate 
rial having a number of crimped or deformed constrictions 
38 formed along the length of the sleeve. As best shoWn in 
FIG. 3, the holloW Waveguide 26, as Well as the pulse 
conductor 28 contained therein, rest Within the tubular 
support sleeve 30 and are protected from shock and vibra 
tion by the locating and supporting constrictions 38. Ideally, 
there is normally no contact betWeen the support sleeve 30 
and Waveguide 26 at the constrictions 38 to reduce energy 
losses of the Wave traveling along the Waveguide 26. HoW 
ever, the space provided betWeen the constrictions 38 and 
the Waveguide 26 should also be de minimis to ensure 
maXimum protection from shock. In other Words, the sup 
port sleeve 30 and Waveguide 26 are preferably made to be 
as close as possible in corresponding siZe Without touching 
at the constrictions 38. HoWever, in practice, light contact 
(as opposed to compressive forces) betWeen the sleeve 30 
and the Waveguide 26 can be tolerated at the constrictions 38 
Without adverse affects. For eXample, the Waveguide 26 
could rest upon the sleeve 30 at the constrictions 38, and the 
contact betWeen the Waveguide and sleeve Would be less 
than or equal to the Weight of the Waveguide Wire. 

[0044] The constrictions 38 are preferably formed in this 
support sleeve 30 during the manufacture of the sleeve, 
Which can comprise an extrusion process. At each constric 
tion 38, the inner surface 27 of the sleeve 30 comes closer 
to the Waveguide than at other portions of the sleeve 30. To 
eliminate any possible resonance of a mechanical vibration 
(i.e., a mechanical standing Wave) along the Waveguide 26, 
the constrictions 38 are preferably placed at irregular inter 
vals along the sleeve 30, as is shoWn in FIG. 2 and FIG. 3. 
In the preferred embodiment, the sleeve 30 comprises an 
integral piece of silicone rubber, as opposed to a plurality of 
pieces Which ?t together, to promote simple, efficient, and 
loW cost manufacturing of the Waveguide assembly 24. No 
rings need be provided and assembled Within the sleeve 30 
because the constrictions 38 serve the purpose of supporting 
and locating the Waveguide. Other materials can be used to 
produce the sleeve 30 as Well, such as a variety of rubber, 
composite or plastic materials. 

[0045] All components of the modular Waveguide assem 
bly 24 rest Within a holloW chamber 29 of the open support 
channel 32 shoWn in FIG. 2, FIG. 3, and FIG. 4. Preferably, 
this open channel 32 is made of a ?berglass material. 
HoWever, it is contemplated that other materials suitable for 
use as a housing or support could be used as an alternative 
to ?berglass, such as, for example, plastic or metal. As best 
shoWn in FIG. 2, the support channel 32 is preferably 
entirely holloW and includes an opening 35 on its top Which 
eXtends along its length and Which is de?ned by a pair of 
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edges 37 and 39. Accordingly, the channel 32 is preferably 
generally U shaped, and can have elements placed Within it 
from either the open proXimal end 31, the open distal end 33, 
or the opening 35 along the top. HoWever, the channel 32 
may take on other con?gurations, such as, for eXample, a 
rectangular shape, a “V” shape, or a “W” shape, Without 
departing from the scope of the invention. Moreover, the 
proXimal end 31 and distal end 33 and a portion of the 
opening 35 can be closed off Without departing from the 
invention. In addition, a portion of the holloW chamber 29 
Within the channel 32 may be ?lled in solid. While the 
opening 35 of the channel preferably eXtends along substan 
tially the entire length of the member to promote ease of 
manufacture, assembly, and uniformity, it should be under 
stood that such opening need not be open along its entire 
length in all applications. 

[0046] The Waveguide support channel 32 provides a 
number of advantages. First, the channel 32 alloWs simple, 
repeatable, and efficient assembly of the various Waveguide 
components. The manufacture of the assembly may be 
automated for several of these components because of the 
ease in Which components can be placed into the channel 32. 
For example, the sleeve 30 can be easily pushed into the 
channel 32 by a machine in an automated process. In this 
regard, it is preferred that sleeve 30 include an effective 
outer diameter designed to snugly locate itself Within the 
inner diameter of the channel, in order to assist in holding 
the assembled parts together. While it is not desirable to 
make the sleeve “oversiZed” With respect to the channel, the 
relative siZes should be determined to provide suf?cient 
interference to establish an effective friction or a similar 
“snap” in ?t Which prevents inadvertent disassembly With 
eXpected handling and storage Without compressing the 
sleeve signi?cantly. 

[0047] As Will be appreciated, the channel 32 alloWs for 
all of the components of the Waveguide assembly 24 to be 
secured into a stable unit Which can be easily handled and 
transported, and, additionally, can be preassembled, tested, 
and stocked independently of the remaining components of 
the position sensor 10 of FIG. 1. Accordingly, When a 
customer places an order for a particular electronics module, 
electronics housing con?guration 12, Waveguide housing 
14, and magnet assembly 18, the Waveguide assembly 24 to 
be used With these customiZed components can already have 
been preassembled and ready for use Within the channel 32. 
Thus, the Waveguide assembly 24 can be quickly and easily 
inserted into the desired Waveguide housing 14 and con 
nected to the desired electronics module Within the desired 
electronics housing 12. Also, the Waveguide assembly 24 
can be connected and used With any electronics module 
regardless of the length of the Waveguide 26, as discussed in 
further detail beloW. 

[0048] The channel 32 is preferably slightly bent, skeWed, 
or curved along its length snugly such that it ?ts Within the 
Waveguide housing 14 by an interference ?t betWeen the 
channel 32 and the housing. It is contemplated that a variety 
of means for providing such a ?t can be provided, such as 
by making the siZe of the channel to ?t closely to the siZe of 
the interior of the housing 14 such that it ?ts snugly therein, 
or by providing an oversiZed portion on the channel to 
provide a snug ?t With the housing. A slight curvature along 
at least a portion of the length of the channel can provide for 
a limited by effective interference or binding betWeen the 



US 2001/0017539 A1 

channel and housing 14. Depending upon the relative sizes 
of the channel and a housing, a bend of even a feW 
thousandths of an inch along a length of 8-10 inches can be 
effective. An interference ?t also reduces the need for 
additional mounting elements to be used to secure the 
Waveguide assembly 24. 

[0049] FIG. 8 is a cross-sectional vieW of an alternative 
embodiment of the Waveguide assembly taken along a 
constriction 38 of the support sleeve 30. As shoWn in this 
preferred embodiment, the sleeve 30 ?ts snugly Within the 
channel 32. As can be appreciated, a snug ?t alloWs for 
retention and preliminary alignment of the sleeve 30 during 
construction of the Waveguide assembly. In this embodi 
ment, the edges 37 and 39 curve inWardly and provide an 
opening 35 Which is smaller than the Width of the sleeve 30. 
Thus, When the sleeve 30 is pushed through the opening 35, 
it is slightly compressed. Once the sleeve 30 is moved 
through the opening 35, hoWever, it expands to ?t snugly 
Within the inner chamber of the channel 32. To alloW for 
such a ?t, it is preferred that the sleeve 30 comprises a 
?exible, compressible, and elastic material, such as silicone 
rubber. 

[0050] As is also shoWn in FIG. 8, the inner surface 27 of 
the sleeve 30 preferably forms a rectangular or diamond 
shape interior chamber rather than a circular shape as shoWn 
in the embodiment of FIG. 2. Accordingly, all portions of 
the inner surface 27 of this example are not equidistant from 
the Waveguide 26 in this particular embodiment. HoWever, 
the effective inner diameter of this constriction (the diameter 
of the largest circle that could ?t Within the opening de?ned 
by the inner surface 27 Without touching the inner surface) 
is smaller at the constrictions 38 formed along the length of 
the sleeve 30, such as the constriction shoWn in the cross 
section of FIG. 8, than at other non-constricted portions of 
the length of the sleeve. While the inner surface at the 
constructions of sleeve 30 can take any shape (including 
circular), it is preferred that they be designed to minimiZe 
damping contact With the Waveguide. 

[0051] FIG. 9 is a cross sectional vieW of an alternative 
embodiment of a Waveguide assembly of the present inven 
tion taken along a constriction of the support sleeve 30. As 
shoWn in this embodiment, the outer surface 25 of the sleeve 
30 does not ?t snugly against the channel 32. HoWever, it is 
preferred that the outer diameter of the sleeve 30 be slightly 
larger than the opening 35 so that the sleeve does not easily 
fall out of the channel 32. The interior surface 27 of this 
sleeve 30 includes a number of protruding portions 91 Which 
serve to support the Waveguide 26. As noted above With 
respect to the embodiment of FIG. 2 and FIG. 3, it is 
preferred that these protruding portions 91 come as close to 
the Waveguide 26 as possible Without normally touching the 
Waveguide. HoWever, as mentioned, light contact (i.e., inci 
dental contact Without signi?cant compression and/or damp 
ing effects) betWeen the protruding portions and the 
Waveguide 26 is possible Without adverse effects. As shoWn 
by the embodiments of FIG. 8 and 9, the sleeve 30 may take 
on a variety of con?gurations Without departing from the 
scope of the present invention. 

[0052] Turning again to the embodiment of FIG. 2 and 
FIG. 3, a brass anchor 36 is preferably secured to the 
Waveguide 26 such as by soldering or crimping. The 
Weighted anchor prevents a Wave, knoWn as a longitudinal 
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Wave, from being generated at the remote end of the 
Waveguide. Such a longitudinal Wave can interfere With the 
operation of the magnetostrictive linear position sensor. The 
anchor 36 also helps to de?ne the end of the damping Zone 
and to secure the Waveguide 26 Within the channel 32. The 
pulse Wire 28 can extend through the anchor 36 and back 
along the channel 32 betWeen the mounting sleeve 30 and 
the channel. Materials other than brass can be used to 
construct the anchor 36, such as aluminum alloys. 

[0053] As shoWn in FIG. 2, FIG. 3, and FIG. 4, a 
damping material 34 rests Within the channel 32 and adheres 
to and surrounds the Waveguide 26 so as to provide a 
damping function. Preferably, this material is initially at 
least partially ?oWable, and can comprise a silicone liquid 
Which is caulked, poured, injected, or otherWise inserted into 
the channel 32 once the Waveguide 26, pulse Wire 28, and 
sleeve 30 have been placed into the channel 32. Because the 
Waveguide 26 is longer than the mounting sleeve 30, it 
extends from the ends of the sleeve. Accordingly, once the 
sleeve 30 containing the Waveguide 26 has been inserted 
into the channel 32 (With the pulse Wire 28 being threaded 
through the proximal end of the Waveguide 26 and returning 
back to the proximal end on the exterior of the sleeve 30), 
the damping material can be provided around the exposed 
portion of the Waveguide 26 near the distal end 33 of the 
channel 32. The damping material 34 is poured betWeen the 
end ring 36 and the distal end of the mounting sleeve 30, and 
partially overlaps the sleeve and end ring, as is best shoWn 
in FIG. 3. The damping material 34 can partially overlap the 
mounting sleeve 30 and end ring 36, in a random fashion 
such as might occur When applying a bead of caulking, in 
order to secure these elements Within the channel 32. The 
material 34 helps to secure the sleeve and end ring into the 
channel 32. 

[0054] After the damping material 34 has been provided 
around the Waveguide 26 and into the channel 32, the 
material is alloWed to harden, solidify, and/or cure into a 
rubber-like material so as to provide the desired damping 
effect. To assist and speed the curing process, Where heat 
curable damping material is utiliZed, the Waveguide assem 
bly 24 can be inserted into a heated oven for a predetermined 
amount of time. It is contemplated that a variety of at least 
initially ?oWable, partially ?oWable, liquid, or dough-like 
material Which can provide a damping effect can be utiliZed 
as the damping material 34, in addition to the silicone rubber 
material described above. For example, a variety of plastics, 
Waxes, and rubber materials could be used as the damping 
material 34. The material may be a liquid or semi-solid 
material Which can be poured, injected, or caulked into the 
end of the channel 32 and Which solidi?es to provide a 
damping effect. Other curing processes may be alternately 
employed (e.g. radiation curing, etc.) Where other damping 
materials are used. It is also contemplated that the material 
34 could comprise a moldable material Which can be pushed 
into the channel 32 and around the Waveguide 26, and Which 
eliminates the need for curing or solidi?cation. 

[0055] By adhering to and surrounding the Waveguide 26, 
the damping material 34 helps hold the components in 
assembled condition and minimiZes any re?ection of the 
torsional Wave at the end of the Waveguide 26 as the Wave 
travels along the Waveguide in both directions from the 
location of the magnet. If desired, other damping elements, 
such as rings or sleeves, could be used in conjunction With 
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the damping material 34 to custom “tune” the damping 
effect. Because the damping material 34 can be poured or 
injected into the channel, the application of the damping 
material is Well suited for an automated process. Moreover, 
the observed damping characteristic of such a damping 
material 34 has been found to be more consistent, reliable, 
and predictable from assembly to assembly, in contrast to 
damping rings Which generally have a greater degree of 
variance and reliability. 

[0056] As best seen in FIGS. 2, 3 and 5-7, adjacent the 
proximal end of the channel is preferably mounted a support 
element having a base portion in the form of a spool 40 
Which includes a front surface 93 and a rear surface 95. The 
spool (or coil assembly) 40 includes a narroW portion 41 
Which is integrally connected to a cap portion 43 having a 
larger diameter than the narroW portion. The narroW portion 
includes a recessed portion about Which a coil of Wire 42 is 
Wound, as is shoWn in FIG. 2 and FIG. 3. Through the 
center of the spool 40, running from the front surface 93 to 
the rear surface 95 is a bore 44 Within Which the Waveguide 
26 and enclosed pulse Wire 28 are received loosely. Prefer 
ably, a sleeve (not shoWn) resides in the bore 44 and 
surrounds the end of the Waveguide Within the bore. The 
narroW portion 41 of the spool 40 can slide into the channel 
32, and the inner end of the cap portion 43 Will then abut the 
proximal end of the channel 32 and extend therefrom. 
HoWever, it is contemplated that the spool may have a 
uniform diameter, thereby eliminating the cap portion, With 
out departing from the scope of the invention. 

[0057] The coil of Wire 42 generates an electrical signal as 
the torsional strain Wave in the Waveguide 26 passes the coil. 
Thus, the coil 42 can be considered a type of mode con 
verter. While one end of the pulse Wire 28 is shoWn as 
resting in the bore 44 of the spool 40, the opposite end of the 
pulse Wire 28 rests in an exterior groove 46 formed along the 
bottom of the spool 40. 

[0058] As best shoWn in FIG. 2, FIG. 5, and FIG. 7, the 
cap portion 43 of the spool 40 has four terminals, contacts, 
or connectors supported adjacent the front surface 93 
thereof, shoWn in the form of pins 48. In a preferred 
arrangement, the pins can be partially embedded in the 
spool. Each pin 48 preferably comprises a ridged conductive 
metallic material for electrical connection With the electron 
ics module. As shoWn in these ?gures, the tWo ends of the 
coil Wire 42 run through a top groove 47 formed along the 
upper side of the spool 40 and each Wire end is mechanically 
and electrically connected to a pin 48 formed on the cap 
portion 43 of the spool 40. Similarly, the pulse Wire 28 
extends through the bore 44 formed in the center of the spool 
40 and is electrically and mechanically connected to a pin 
48. The opposite end of the pulse Wire 28 runs through the 
bottom groove 46 of at the loWer end of the spool 40 and is 
electrically and mechanically connected to the remaining pin 
48. Accordingly, these delicate Wires are conveniently joined 
in one location for ease in connection and removal from an 
electronics module. These four Wires can be soldered, 
crimped, or otherWise electrically connected to the pins 48. 
It is contemplated that other spool con?gurations and 
arrangements could be utiliZed, such as rectangular and 
round arrangements for example, Without departing from the 
scope of the present invention. It is also contemplated that 
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the channels 46 and 47 and bore 44 of the spool 40 could be 
located and arranged differently Without departing from the 
invention. 

[0059] To further assist in the electrical connection of the 
Waveguide assembly 24 With an electronics module, a ?ex 
ible connector or harness 50 is provided for connection to 
the pins 48 of the spool 40. The ?exible connector 50 
includes a ?exible plastic base portion 54 in Which are 
embedded a number of Wires 56, 58, 60, 62, and 64 Which 
are exposed for electrical connection. At one end of the 
connector 50, the Wires 56, 58, 60, 62, and 64 extend from 
the plastic base 54. At the opposite end, holes 55 are 
provided for connection to the pins 48 of the spool 40. 
Surrounding the holes 55 are islands 57 of electrically 
conductive material Which are electrically connected to one 
of the Wires 56, 58, 60, and 62. Accordingly, the pins 48 of 
the spool 40 can be ?tted into the four holes 55 of the 
connector 50, and the islands can be soldered to the pins so 
as to provide the electrical connection betWeen the Wires 
56-62 and the pins 48. 

[0060] Accordingly, the Wire 58 Will be electrically con 
nected to the pin 48 Which is attached to one end of the coil 
42. Similarly, the Wire 60 Will be electrically connected With 
the pin 48 Which is attached to the opposite end of the coil 
42. Furthermore, the Wire 56 Will connect With the pin 48 
Which is attached to the pulse Wire extending through the 
bore 44 in the spool 40. Finally, the Wire 62 connects With 
the pin 48 attached to the opposite end of the pulse Wire 28. 
The connector 50 provides a simple and convenient plug-in 
connection for the electronics module that Will be used With 
the Waveguide assembly 24. 

[0061] In addition, a Wire 64 is looped through the base 
portion 54 of the ?exible connector 50 such that both ends 
of the Wire 64 are exposed on one end of the connector 50. 
Connected in series With this Wire is a resistor 66, Which can 
be selectively matched to the length of the magnetostrictive 
Waveguide 26 With Which the connector Will be used. To be 
connected to this resistor is the ampli?er circuitry (e.g., an 
operational ampli?er) used in the electronics Which pro 
cesses the signal received by the coil 42. This resistor 66 aids 
in setting the gain of the ampli?er so that the coil signal can 
be appropriately ampli?ed to a range required by the elec 
tronics module Which is later connected to the Waveguide 
assembly 24. The resistor compensates for the magnetostric 
tive sensitivity of the Waveguide selected, Which is affected 
by the length of the Waveguide and the properties of the 
materials of Which it is comprised. The longer the magne 
tostrictive Waveguide 26, the further the magnet assembly 
18 Will be alloWed to be displaced from the coil 42, and the 
loWer the amplitude of the torsional strain Wave Which 
propagates along the Waveguide through the coil. Also, the 
properties of the material used for the Waveguide, such as 
the hardness of the material for example, affects the strength 
of the signal Which is generated. Consequently, a Weaker 
torsional Wave causes a Weaker electrical signal to be 
generated in the coil 42. Accordingly, greater ampli?cation 
is required for the Weaker coil signals generated by longer 
Waveguides, as Well as by Waveguides having less magne 
tostrictive sensitivity due to the properties of the materials 
used. Thus, during assembly of the Waveguide assembly 24, 
the siZe of the resistor 66 (in ohms) is selected to appropri 
ately correspond With the Waveguide characteristics (e.g., 
Waveguide length and material properties) so that the desired 
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ampli?cation of the coil signal can be obtained. The strength 
of the signal Which Will be generated by the particular 
Waveguide selected, and thus its magnetostrictive sensitiv 
ity, can be determined by appropriate testing of the 
Waveguide. 

[0062] The ends of the Wire 64 are then connected to the 
ampli?er circuitry to set the gain of the ampli?er. Accord 
ingly, the resistor 66 represents the resistor (or one of the 
resistors) responsible for setting the gain of the ampli?cation 
circuitry used With the electronics module to be connected to 
the Waveguide assembly 24. Thus, Waveguide assembly 24, 
once assembled With the appropriate resistor 66, is ready to 
be used and interchanged With any electronics module. The 
gain of the ampli?ers used in the electronics module need 
not be adjusted or tuned once the Waveguide assembly 24 is 
connected thereto, because the resistor 66 has already been 
appropriately matched or calibrated to the length of the 
Waveguide 26 during the manufacture of the Waveguide 
assembly 24. Accordingly, the Waveguide assembly 24 is 
pre-calibrated by use of the resistor 66. The resistor 66 can 
be directly connected to the mounting member, such as 
channel 32, or can be “indirectly” connected, as in FIG. 2 
Where the resistor connects to the connector 50, the connec 
tor connects to the spool 40, and the spool resides in the 
channel 32. (As used herein, the term “connected” can mean 
directly connected or indirectly connected via other parts or 

elements.) 
[0063] To further ensure that the level of the signal 
received from the coil 42 is at the appropriate level needed 
for processing, the electronics module connected to the 
Waveguide assembly 24 preferably includes an automatic 
signal tuning device such as is described in US. application 
Ser. No. 08/730,755 the entire disclosure of Which is hereby 
incorporated herein by reference. This automatic signal 
tuning device can ensure that the coil signal is further 
ampli?ed to the appropriate level of ampli?cation, as Well as 
to ensure that any changes in the signal due to temperature, 
interference, and/or sensor components (such as the magnet 
used) can be compensated for accordingly. 

[0064] Aprotective sleeve 52 can be ?tted about the spool 
40 and over the channel 32, as shoWn in FIG. 2 and FIG. 
3. This sleeve 52 is illustrated as typically comprising a 
cylindrical piece made of a loW-retentive: material and 
shields the coil 42 from stray ambient magnetic ?elds Which 
could interfere With the operation of the sensor. The sleeve 
52 slides over the channel 32 until it reaches a stop surface 
59 formed on and extending outWardly from the channel. 
The material used for the sleeve 52 is preferably optimiZed 
for loW non-linearity and for maximum magnetic shielding 
of the coil 42. To secure the sleeve 52 to the interior of the 
?ange 16, housing 14, and/or channel 32, an adhesive can be 
applied to the sleeve. 

[0065] In operation, the electronics module (not shoWn) 
generates a current pulse, such as a 2 amp pulse for example, 
Which is sent through the Wire 56 and travels doWn the pulse 
Wire 28 through the center of the Waveguide 26. This pulse 
can be generated by a pulse generator and can be a periodic 
pulse of constant Width, such as 4 to 5 microseconds. When 
the pulse reaches the magnet assembly 18 located about the 
Waveguide 26, a mechanical Wave is generated at the loca 
tion of the magnet by means of magnetostriction (i.e., also 
knoWn as the Joule effect). 
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[0066] The mechanical torsional Wave generated in the 
Waveguide 26 at the location of the magnet 18 travels aWay 
from the magnet in opposite directions along the Waveguide. 
The torsional Wave is also a carrier of magnetic information, 
and When it reaches the coil 42 Wound on the spool 40, an 
electrical signal is generated in the coil by means of a 
phenomenon knoWn as the Wiedemann effect. The electrical 
signal is in the form of a sine Wave and is referred to as an 
ultrasonic signal because its propagation velocity lies in the 
ultrasonic range (e.g., about 2,850 meters per second). The 
amplitude of the ultrasonic signal depends on the Waveguide 
material, the length of the Waveguide, the structure of the 
sensor, the temperature, and the position and magnetic ?eld 
characteristics of the magnet assembly 18. 

[0067] The signal is received at the ends of the coil 42 
Which are electrically connected to the Wires 58 and 60 of 
the ?exible connector 50. The Wires 58 and 60 provide the 
signal to the electronics module. Preferably, tWo ampli?ca 
tion stages are used Within the electronics module to 
increase the gain of this signal for further processing. As 
noted above, the gain of one of the ampli?cation stages can 
be determined by the siZe (in ohms) of the resistor 66, Which 
has been matched to the length of the Waveguide 26 used. 

[0068] The time delay betWeen the initiation of the current 
pulse through the pulse conductor 28 and the receipt of the 
electrical signal at the ends of the coil 42 represents the 
position of the magnetic element 18 along the Waveguide 26. 
The electronics module connected to the Waveguide assem 
bly 24 measures the amount of time betWeen the generation 
of these tWo signals and converts this time delay into a 
measured position, as is knoWn in the art. 

[0069] As the torsional strain Wave also travels along the 
Waveguide 26 toWard the distal end of the Waveguide, it 
reaches the damping material 34 Which has been provided 
around the Waveguide and solidi?ed Within the channel 32. 
This damping material 34 dampens the torsional Wave so 
that re?ection from the distal end of the Waveguide is 
reduced. Also, as noted above, the end ring (or anchor) 36 
prevents a longitudinal Wave from being generated at this 
end of the Waveguide. 

[0070] FIG. 10 is a perspective vieW of an alternative 
embodiment of the support element according to the inven 
tion. In this embodiment, the spool 40 has rectangular sides 
and the coil 42 is Wound about the middle of the spool. The 
ends of the coil extend along the top surface of the spool 40 
and doWn the proximal end surface of the spool Where they 
electrically connect to female terminals 84 and 86 connected 
to spool 40. Abore 44 is provided through the middle of the 
spool 42 for receiving one end of the Waveguide 26 as Well 
as one end of the pulse conductor 28 Which preferably runs 
through the center of the Waveguide. The conductor 28 
extends through the bore 44 and emerges at the proximal end 
surface of the spool 42, Where it connects With a female 
terminal 88 embedded in the spool. The opposite end of the 
conductor runs along the bottom surface of the spool 40 and 
connects With the female terminal 90. A resistor 66 is 
mounted adjacent to the proximal or rear end surface of the 
spool 40 and is electrically connected to the remaining 
female terminals 80 and 82. This resistor 66 is matched to 
the length of the Waveguide to be used With the spool 40 in 
order to properly set the gain of an ampli?er stage to be used 
With the electronics module in processing the electrical 
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signal generated by the coil 42 by the movement of the 
Waveguide 26, as described above. The matched resistor 66 
can be mounted on the spool, embedded therein, or mounted 
to a Wiring harness. 

[0071] The spool of FIG. 10 alloWs for a simple and 
ef?cient “plug in” connection of the Waveguide assembly to 
an electronics module having a compatible six pin male 
connector The pins Which plug into female terminals 80 and 
82 should connect to the ampli?er circuitry so that the 
resistor 66 Will set the gain of the ampli?er circuitry. The 
pins Which plug into terminals 84 and 86 should connect to 
the circuitry Which receives the signal from the coil. In 
addition, the pins Which plug into the female terminals 88 
and 90 should connect to the circuitry Which transmits the 
excitation current pulse through the pulse conductor 28. As 
an alternative to the female terminals shoWn, other connec 
tors could be used With the spool 40 for connection With an 
electronics module Without departing from the scope of the 
invention, such as the “plug in” connectors used for inserting 
microchips or circuit boards in a computer. 

[0072] FIG. 11 is a perspective vieW of an alternative 
embodiment of the channel 32 of the present invention, 
adapted for use With the spool 40 of FIG. 10. The channel 
32 includes an opening 35 extending along its length and 
partially de?ned by the edges 37 and 39 of the Walls of the 
channel. Components of the Waveguide assembly described 
above can be inserted in the channel 32 through this opening 
35. The channel 32 includes a cover 74 Which can serve to 
protect the spool 40 after it has been positioned and secured 
in the end of the channel. To close off the ends of the channel 
32, a pair of end Walls 72 and 76 are provided. HoWever, the 
end Wall 76 is preferably apertured to alloW for connection 
of an electronics module to the Waveguide assembly con 
tained by the channel 32. In particular, the end Wall 76 
includes a number of access holes 78 Which are con?gured 
to align With the female connectors 80-90 of the spool 40, 
thereby alloWing for connection of the channel 32 to an 
electronics module having a male connector. Damping mate 
rial can be injected through the opening 35 and around a 
Waveguide Which has been placed in the channel 32, such as 
described above. 

[0073] The foregoing description of the preferred embodi 
ments of the invention has been presented for purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed, 
and modi?cations and variations are possible in light of the 
above teachings. For example, although a number of mate 
rials and shapes have been described for use in the preferred 
embodiments of the present invention, it is to be understood 
that other materials and shapes could be used as alternatives 
to those described Without departing from the scope of the 
invention. Moreover, although a particular method of cal 
culating the magnet position has been described, it is con 
templated that other methods could be used in the alterna 
tive. For example, a method of calculating position by 
timing the receipt of a re?ected torsional Wave could be 
used, as could a method of calculating position based upon 
the strength of the coil signal. Thus, it should be understood 
that the embodiments Were chosen and described in order to 
best illustrate the principals of the invention and its practical 
application to thereby enable one of ordinary skill in the art 
to best utiliZe the invention in various embodiments and 
With various modi?cations as are suited for the particular use 
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contemplated. Accordingly, it is intended that the scope of 
the invention be de?ned by the claims appended hereto. 

What is claimed is: 
1. A Waveguide assembly for use in a position sensor 

having a protective outer housing to surround the Waveguide 
assembly, a magnet mounted for movement along the pro 
tective housing, and an electronics module Which receives 
an electrical signal from the Waveguide assembly and pro 
vides an output representing the position of the magnet, the 
Waveguide assembly comprising: 

an elongated channel having an opening extending along 
at least a portion of its length; 

an elongated Waveguide located at least partially Within 
the channel; 

a conductor located at least partially Within the channel; 
and 

a mode converter connected to the channel and adapted to 
generate an electrical signal from a signal traveling 
along the Waveguide. 

2. The Waveguide assembly as recited in claim 1, further 
comprising: 

a damping material located Within the channel and in 
contact With a portion of the Waveguide. 

3. The Waveguide assembly as recited in claim 2, Wherein 
the damping material comprises an at least initially partially 
?oWable material. 

4. The Waveguide assembly as recited in claim 3, Wherein 
the damping material comprises a silicone material. 

5. The Waveguide assembly as recited in claim 1, further 
comprising: 

a support sleeve located at least partially Within the 
channel and surrounding at least a portion of the 
Waveguide. 

6. The Waveguide assembly as recited in claim 5, Wherein 
the support sleeve comprises a holloW elongated tube having 
an outer surface, an inner surface, and a plurality of con 
strictions spaced along the length of the tube, Wherein the 
inner surface extends radially inWardly toWard the center of 
the tube at each constriction to locate the Waveguide. 

7. The Waveguide assembly as recited in claim 6, Wherein 
the constrictions are spaced along the tube at irregular 
intervals. 

8. The Waveguide assembly as recited in claim 6, Wherein 
the tube comprises an integral piece of silicone material. 

9. The Waveguide assembly as recited in claim 1, Wherein 
the mode converter comprises a coil having a ?rst end and 
a second end, the channel comprises a distal end and a 
proximal end, and the conductor comprises a ?rst end and a 
second end, and Wherein the Waveguide assembly further 
comprises: 

a support element at least partially received Within the 
channel adjacent the proximal end of the channel, 
Wherein the ends of the coil are secured at the support 
element, and Wherein the ?rst end of the conductor is 
secured at the support element. 

10. The Waveguide assembly as recited in claim 9, 
Wherein the support element has a plurality of connection 
pins extending outWardly from the support element, a ?rst 
pin of the connection pins electrically connected to the ?rst 
end of the coil, a second pin of the connection pins electri 
cally connected to the second end of the coil, and a third pin 
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of the connection pins electrically connected to the ?rst end 
of the conductor. 

11. The Waveguide assembly as recited in claim 10, 
further comprising a connector having a ?rst Wire electri 
cally connected to the ?rst pin, a second Wire electrically 
connected to the second pin, a third Wire electrically con 
nected to the third pin, Wherein the ?rst, second, and third 
Wires of the connector each have an exposed end to facilitate 
convenient electrical connection With the electronics mod 
ule. 

12. The Waveguide assembly as recited in claim 9, 
Wherein the Waveguide comprises a holloW tube, the con 
ductor extends from the support element through the center 
of the tube and returns back to the support element outside 
of the tube, and both ends of the conductor are secured at the 
support element. 

13. The Waveguide assembly as recited in claim 9, 
Wherein the Waveguide comprises a proximal end and a 
distal end, the coil is Wound around at least a portion of the 
support element, the proximal end of the Waveguide is 
received Within a bore in the support element, and the coil 
surrounds a portion of the Waveguide. 

14. The Waveguide assembly as recited in claim 13, 
Wherein the Waveguide comprises a holloW tube, the con 
ductor extends from the support element through the bore 
and the holloW tube and returns back to the support element 
outside of the tube, and Wherein both ends of the conductor 
are secured at the support element. 

15. The Waveguide assembly as recited in claim 14, 
further comprising a protective sleeve enclosing the support 
element and coil. 

16. The Waveguide assembly as recited in claim 1, 
Wherein the channel comprises a generally U shaped mem 
ber. 

17. The Waveguide assembly as recited in claim 16, 
Wherein the channel is siZed to provide an effective inter 
ference ?t With the protective outer housing, the opening is 
located adjacent the top of the channel and extends along 
substantially the entire length of the channel, and the chan 
nel includes at least one open end. 

18. The Waveguide assembly as recited in claim 1, further 
comprising a gain unit connected to the channel and having 
at least one terminal adapted to connect to the electronics 
module. 

19. Amethod of assembling a Waveguide assembly for use 
in a position sensor, comprising: 

inserting a Waveguide into a channel having an opening 
extending along a substantial portion of its length; and 

inserting damping material into the opening and around at 
least a portion of the Waveguide such that the damping 
material adheres to the portion of the Waveguide. 

20. The method as recited in claim 19, further comprising: 

inserting the Waveguide into a holloW sleeve; and 

inserting the sleeve into the channel. 
21. The method as recited in claim 19, further comprising: 

placing a coil about a support element; 

connecting the ends of a coil to the support element; and 

inserting the support element into the channel. 
22. The method as recited in claim 19, further comprising: 

inserting a conductor through the center of the Waveguide; 
and 

connecting the ends of the conductor to a support element. 
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23. The method as recited in claim 22, further comprising: 

inserting the Waveguide into a bore in the support ele 
ment. 

24. The method as recited in claim 19, Wherein the 
damping material comprises an at least initially partially 
?oWable material, the method further comprising: 

curing the damping material. 
25. A support sleeve for a Waveguide, comprising: 

an elongated tubular member con?gured to receive a 
Waveguide and having oppositely disposed openings at 
its ends, Wherein the tubular member further comprises 
an integral piece of ?exible material, and a plurality of 
constrictions spaced along its length, Wherein the effec 
tive inner diameter of the tubular member is smaller at 
the constrictions than at the other portions of the 
member. 

26. The support sleeve of claim 25, Wherein the constric 
tions are spaced at irregular intervals along the tubular 
member. 

27. The support sleeve of claim 25, Wherein the effective 
inner diameter of the tubular member at the constrictions is 
larger than the effective outer diameter of the Waveguide. 

28. The support sleeve of claim 25, Wherein the support 
sleeve is a part of a Waveguide assembly comprising: 

a channel telescoped over the support sleeve, Wherein the 
channel includes an opening extending along at least a 
substantial part of its length; and 

a Waveguide mounted Within the holloW center of the 
sleeve, Wherein the Waveguide includes end portions 
extending beyond the ends of the sleeve. 

29. A support element for use in connecting a coil to an 
electronics module in a linear position sensor having a 
conductor to carry a current, the support element compris 
mg: 

a base portion; 

a coil mounted to the base portion; 

a ?rst terminal connected to the base portion and electri 
cally connected to a ?rst end of the coil; 

a second terminal connected to the base portion and 
electrically connected to a second end of the coil; and 

third and fourth terminals connected to the base portion. 
30. The support element as recited in claim 29, Wherein 

each terminal comprises a pin supported by the base portion 
and extending outWardly therefrom. 

31. The support element as recited in claim 29, Wherein 
the base portion includes a passage siZed to receive a 
Waveguide. 

32. The support element as recited in claim 31, Wherein 
the passage comprises a bore extending through the base 
portion. 

33. The support element as recited in claim 29, further 
comprising: 

?fth and sixth terminals connected to the base portion; 
and 

a gain unit electrically connected to the ?fth and sixth 
terminals. 
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34. The support element as recited in claim 33, wherein 
the gain unit comprises a resistor. 

35. The support element as recited in claim 29, Wherein 
the base portion includes a groove extending along the 
exterior of the base portion, and Wherein the coil comprises 
a Wire Which extends through the groove. 

36. The support element as recited in claim 29, Wherein 
the base portion includes a recessed portion about Which the 
coil is Wound. 

37. The support element as recited in claim 29, Wherein 
the base portion comprises a cylindrical spool having a front 
surface and a rear surface, each terminal comprises a pin 
supported at the front surface of the spool and extending 
therefrom, and the spool further includes: 

a recessed portion about Which the coil is Wound; 

a ?rst groove extending along the exterior of the spool 
from the front surface to the recessed portion, Wherein 
portions of the coil extend through the ?rst groove; 

a second groove extending from the front surface and 
along the exterior of the spool; and 

a bore extending through the spool from the front surface 
to the rear surface of the spool. 

38. The support element as recited in claim 37, Wherein 
the spool includes a cap portion, Wherein the exterior 
diameter of the cap portion is larger than the exterior 
diameter of the remainder of the spool, and Wherein the bore 
and grooves extend through the cap portion. 

39. A pre-calibrated Waveguide assembly for use in a 
position sensor having an electronics module adapted to 
connect to the Waveguide assembly and to provide an output 
signal representing the position of a movable member, the 
Waveguide assembly comprising: 

a mounting member; 

a Waveguide at least partially received Within the mount 
ing member; 

a gain unit connected to the mounting member, Wherein 
the gain unit includes at least one terminal adapted to 
connect to the electronics module, the gain unit 
selected according to the characteristics of the 
Waveguide to control the ampli?cation of an electrical 
signal to be processed by the electronics module. 
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40. The Waveguide assembly as recited in claim 39, 
further comprising: 

a mode converter attached to the mounting member and 
adapted to generate the electrical signal from move 
ment of the Waveguide and having a terminal to provide 
the signal to the electronics module. 

41. The Waveguide assembly as recited in claim 39, 
Wherein the gain unit comprises a resistor, and Wherein the 
siZe of the resistor is selected according to the magneto 
strictive sensitivity of the Waveguide. 

42. The Waveguide assembly as recited in claim 39, 
Wherein the gain unit comprises an ampli?er circuit, Wherein 
the gain of the ampli?er circuit is selected according to the 
magnetostrictive sensitivity of the Waveguide. 

43. The Waveguide assembly as recited in claim 39, 
Wherein the gain unit is indirectly connected to the mounting 
member. 

44. The Waveguide assembly as recited in claim 43, 
Wherein the Waveguide assembly further comprises: 

a conductor at least partially received Within the mounting 
member; and 

a support element connected to the mounting member, 
Wherein an end of the Waveguide and an end of the 
conductor are received by the support element, and 
Wherein the gain unit is connected to the support 
element. 

45. The Waveguide assembly as recited in claim 44, 
Wherein the support element includes an opening for receiv 
ing the Waveguide and the conductor, and Wherein the 
Waveguide assembly further comprises: 

a coil Wound about the support element for generating the 
electrical signal from movement of the Waveguide; and 

a connector extending from the support element for 
connection With the electronics module, Wherein the 
gain unit comprises a resistor located on the connector 
and adapted to electrically connect to an ampli?er 
circuit in the electronics module, Wherein the siZe of the 
resistor is selected based upon the magnetostrictive 
sensitivity of the Waveguide to control the gain of the 
ampli?er circuit. 


