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(57) ABSTRACT 

A ?ber optic sensor comprises a ?exural disk having a pair 
of ?ber optic coils mounted on opposite sides thereof and 
connected together to form an interferometer that produces 
an output signal in response to acceleration of the ?exural 
disk. The ?exural disk is mounted in a housing having ?rst 
and second end plates with a sidewall extending between 
them. The sidewall is formed to have an inwardly facing 
groove in which an outer edge portion of the ?exural disk is 
mounted. A support member extends between oppositely 
facing portions of the ?rst and second end plates and through 
a central passage in the ?exural disk. A damping member is 
mounted on the central support member and arranged to 
exert a radial force on an inner edge of the central passage 
in ?exural disk to dampen vibrations of the ?exural disk and 
control the sensor output signal amplitude over a selected 
frequency band in order to maximize dynamic range. 
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SHEAR DAMPED FIBER OPTIC SENSOR 

STATEMENT OF GOVERNMENT RIGHTS 

[0001] The United States government has rights in this 
invention under contract N00024-99-C-6332. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to a ?ber optic 
sensor that includes a pair of multiple layer spiral-Wound 
optical ?ber coils on opposite sides of a ?exural disk With 
the optical ?ber coils being included in an interferometer. 
Still more particularly, this invention relates to a ?ber optic 
sensor having an elastomeric material arranged to dampen 
motion resulting from high quality factor (Q) resonances and 
to limit the maximum travel of the ?exural disk in response 
to acceleration. 

SUMMARY OF THE INVENTION 

[0003] The invention provides a technique for damping 
vibrations in a ?exural disk ?ber optic sensor. The invention 
also provides shock snubbing to prevent damage ?exural 
disk ?ber optic sensor upon exposure to high levels of shock 
and vibration. The invention uses tubing made from a 
commonly available elastomeric material With knoWn 
damping properties in a shear damper con?guration. The 
invention provides a signi?cant increase in the system 
damping With a corresponding Q reduction doWn to 6 or 
less, Which provides adequate margin to perform Within an 
acceptable operational frequency band. 

[0004] A?ber optic sensor according to the present inven 
tion comprises a ?exural disk having a pair of ?ber optic 
coils mounted on opposite sides thereof and connected 
together to form an interferometer that produces an output 
signal in response to acceleration of the ?exural disk. The 
?ber optic sensor includes a housing having ?rst and second 
end plates With a sideWall extending betWeen them. The 
sideWall is formed to have an inWardly facing groove in 
Which an outer edge portion of the ?exural disk is mounted. 
A support member extends betWeen oppositely facing por 
tions of the ?rst and second end plates and through a central 
passage in the ?exural disk. A damping member is mounted 
on the central support member and arranged to exert a radial 
force on an inner edge of the central passage in ?exural disk 
to lock it in place therein to dampen longitudinal vibrations 
of the ?exural member and thereby control the output signal 
amplitude over a selected frequency range. 

[0005] The damping member is preferably mounted at a 
central region of the support member and restrained against 
lengthWise motion relative to the support member. 

[0006] The support member preferably includes a groove 
in Which the damping member is mounted. The damping 
member is formed of an elastomeric material and is axially 
compressed betWeen end edges of the groove such that the 
damping member is expanded radially and forced against the 
inner edge portion of the ?exural disk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1A is a cross sectional vieW of a shear 
damped ?ber optic sensor according to the present inven 
tion; 
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[0008] FIG. 1B is a top plan vieW shoWing a ?ber optic 
coupler and a damping member mounted in a portion of a 
housing that may be included in the invention; 

[0009] FIG. 2 is a cross sectional vieW of a portion of an 
alternate embodiment of the invention; 

[0010] FIG. 3 shoWs a three-dimensional perspective 
vieW of the invention; 

[0011] FIG. 4 is an optical schematic of an interferometric 
sensor that may be formed in accordance With the present 
invention; 
[0012] FIG. 5 is an exploded cross sectional vieW of the 
invention as shoWn in FIG. 1A. 

[0013] FIG. 6 graphically illustrates the ?atter frequency 
response measurement of a shear-damped sensor according 
to the present invention compared to the frequency response 
measurement of an undamped sensor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] As shoWn in FIG. 1A, an interferometric sensor 10 
according to the present invention includes a ?exural disk 12 
having ?rst and second sides 14 and 16, respectively. A ?rst 
?ber optic coil 18 is connected to the ?rst side 14 of the 
?exural disk 12. A second ?ber optic coil 20 is connected to 
the second side 16 of the ?exural disk 12. For simplicity of 
illustration, the ?rst and second ?ber optic coils 18 and 20, 
respectively, are indicated as rectangles having crossed 
diagonal lines. HoWever, it should be understood that the 
?rst and second ?ber optic coils 18 and 20, respectively, are 
spiral-Wound in accordance With Well-knoWn techniques for 
forming such coils. Examples of spiral Wound coils suitable 
for use in the present invention are disclosed in US. Pat. 

Nos. 5,903,349; 4,959,539; 5,317,929 and 5,883,308, the 
disclosures of Which are incorporated by reference into the 
present disclosure. 

[0015] The ?exural disk 12 is preferably formed of a 
structural material such as aluminum. Other materials, such 
as polycarbonate, may be used to form the ?exural disk 12, 
depending on the operational spectral range of the interfero 
metric sensor 10. The ?exural disk 12 and the ?rst and 
second ?ber optic coils 18 and 20 comprise a ?exural disk 
assembly 22 that is the primary transducer for the interfero 
metric sensor 10. 

[0016] The ?exural disk assembly 22 is mounted inside a 
housing 24 as shoWn in FIG. 1A. The housing 24 comprises 
a ?rst housing member 26 and a second housing member 28. 
Except as noted herein, the ?rst and second housing mem 
bers 26 and 28, respectively, are preferably essentially 
identical. The ?rst housing member 26 preferably includes 
an end plate 30 that preferably is formed as a disk. A 
sideWall 32 that is preferably formed as a holloW cylinder 
extends from an outer edge portion 34 of the end plate 30. 

[0017] The sideWall 32 has a stepped inner diameter such 
that a notch 35 is formed at an end edge portion 36 of the 
sideWall 32. The second housing member 28 has an end plate 
38 and a sideWall 40. A notch 42 is formed at an end edge 
portion 44 of the sideWall 40. When the ?rst and second 
housing members 26 and 28 are placed together end-to-end, 
the grooves 34 and 42 cooperate to form a groove 46 that 
faces inWard in the housing 24. 
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[0018] The ?rst housing member 26 further includes a post 
50. As shown in FIGS. 1 and 5, the post 50 has a base 
portion 52 that is preferably formed as a cylinder that 
extends perpendicularly out from a central region 53 of the 
end plate 30. A cylindrical recess 56 may be formed in an 
end face 58 of an end portion 54. The end portion 54 is 
tapered to be in the form of a frustocone such that it has a 
diameter that increases from the end face 58 toWard the base 
portion 52. The second housing member 28 includes a post 
60 that has an end portion 62 that is tapered like the end 
portion 54 of the post 50. A cylindrical recess 64 is formed 
in an end face 66 of the post 60. 

[0019] Although they are described as being separate 
components of the ?rst housing member 26, the end plate 30, 
the sideWall 32 and the post 50 preferably are formed 
together so the ?rst housing member 26 has a unitary 
structure. The second housing member 28 preferably is 
formed in the same manner as the ?rst housing member 26. 
The housing 24 may be formed of any suitable material, 
such as plastics or metal, Which Will alloW suf?cient struc 
tural stiffness to ensure that structural resonance frequencies 
are far from the acoustic frequency range of interest. In the 
preferred embodiment, aluminum is used. The housing 24 
may be manufactured by any suitable means such as 
machining or casting. 

[0020] When the interferometric sensor 10 is assembled, a 
structural adhesive such as epoxy is applied betWeen the end 
faces 58 and 66 With a doWel pin 70 providing a dual 
function of aligning the upper and loWer posts 50 and 60, 
respectively, and providing an additional retention force 
therebetWeen as Well. 

[0021] Still referring to FIG. 1A, the posts 50 and 60 
cooperate to form a support member 72 for the ?exural disk 
12. The support member 72 extends through a central 
passage 74 in the ?exural disk 12. The central passage 74 has 
a diameter that is larger than that of the support member 72 
so that an inner edge portion 76 of the ?exural disk 12 is 
spaced apart from the central support. 

[0022] A shear damper 78 is placed betWeen the inner 
edge portion 76 of the ?exural disk 12 and a central region 
79 of the support member 72. The tapered shapes of the end 
portions 54 and 62 make the central region 79 have a 
circumference that increases in each direction aWay from the 
end faces 58 and 66. The shear damper 78 has a thickness 
such that the inner edge portion 76 of ?exural disk 12 ?ts 
?rmly against the shear damper 78, thereby slightly com 
pressing the damping member 78 radially. The shear damper 
78 may be formed of a selected length of tubing formed of 
a suitable material. The shear damper 78 preferably is 
comprised of a viscoelastic material such as nitrile, silicone, 
butyl or polyurethane rubber. 

[0023] The taper of the posts 50 and 60 aids in assembling 
the interferometric sensor 10 and further aids in retaining the 
shear damper 78 in the desired position betWeen the inner 
edge portion 76 of the ?exural disk 12 and the support 
member 72. Having the diameter of the support member 72 
increase along its length aWay from the ?exural disk 12 
provides resistance to linear movement of the shear damper 
78 on the central support. 

[0024] FIG. 2 shoWs an alternate structure for retaining 
the shear damper 78 on the support member 72. A ?rst post 
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80 that is formed generally as a cylinder has a notched end 
portion 82 de?ned by a step 84 in the diameter of the ?rst 
post 80. The ?rst post 80 has a gradually decreasing diame 
tral taper from the location of the step 84 to an end 86. The 
tapered portion 88 may have a sideWall 90 that is curved 
When seen in cross section as in FIG. 2. This curved 
sideWall 90 transitions into a radius 85 that is designed to 
ensure that a clearance gap exists betWeen the shear damper 
78 and the end face 86 to prevent pinching of the shear 
damper 78 during ?nal assembly. The ?rst post 80 and a 
substantially identical second post 92 are placed in end-to 
end alignment With the doWel pin 70 being arranged as 
described above With reference to FIG. 1A. The second post 
92 has a step 94 in its diameter, and a tapered portion 96 and 
radius 95 that are preferably generally identical to the 
tapered portion 88 and radius 85 of the post 80. 

[0025] When the ?rst and second posts 80 and 92 are 
secured together by the doWel pin 70 aided by an interlock 
ing layer of epoxy betWeen the end faces 86 and 97, the steps 
84 and 94 in the diameters of the ?rst and second posts 80 
and 92 and the tapered end portions 88 and 96 cooperate to 
form a groove 98 around the support member 72. The groove 
98 preferably is formed at a central region 99 of the support 
member 72 of FIG. 2. The shear damper 78 is placed in the 
groove 98 and constrained against longitudinal movement 
by the steps 84 and 94. 

[0026] The ?rst and second ?ber optic coils 18 and 20 are 
included in an interferometer as explained beloW. As shoWn 
in FIGS. 1 and 3, a ?rst ?ber optic lead 100 from the optical 
coupler 104 is routed through a passage 102 in the ?exural 
disk 12 and is connected via suitable splicing (not shoWn) to 
a lead 103 extending from an outer edge portion 105 of the 
?rst ?ber optic coil 18. The optical coupler is preferably a 
2x2 optical coupler that is Well-knoWn in the art. A second 
?ber optic lead 106 is routed from the ?rst ?ber optic coil 18 
to a mirror 108. The second ?ber optic lead 106 may extend 
from an inner end portion (not shoWn) of the ?rst ?ber optic 
coil 18. A third ?ber optic lead 109 from the optical coupler 
104 is connected via suitable splicing (not shoWn) to a lead 
110 extending from an outer end portion 111 of the second 
?ber optic coil 20, and a fourth ?ber optic lead 112 is routed 
from an inner portion (not shoWn) of the second ?ber optic 
coil 20 to a mirror 114. The fourth ?ber optic lead 112 may 
extend from an inner end portion (not shoWn) of the second 
?ber optic coil 120. 

[0027] Although a simpli?ed direct routing of ?bers is 
shoWn in FIG. 1A for clarity, in standard practice there 
generally may exist several loops of excess ?ber from the 
?ber optic leads 100 and 109 that need to be contained by a 
number of retainer tabs 116 from arbitrarily contacting the 
second ?ber optic coil 20, thereby causing spurious optical 
noise that is indistinguishable from the desired signal. The 
retainer tabs 116, Which generally number from eight to 
tWelve, are spaced equidistantly apart and extend inWardly 
from an inner Wall portion 117 of the second housing 
member 28. Aplan vieW of the ?ber routing is soWn in FIG. 
1B. A pair of optical ?bers 118 and 120 extends from the 
optical coupler through a passage 122 in the sideWall 40 of 
the second housing member 28. Excess ?ber from the ?ber 
optic leads 118 and 120 may be coiled underneath retainer 
tabs 116 in a similar manner as described above. The passage 
122 is normally sealed around the optical ?bers 118 and 120 
to prevent the passage of ?uids into the housing 24. 
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[0028] FIG. 4 schematically illustrates hoW the ?rst and 
second ?ber optic coils 18 and 20, respectively, the optical 
coupler 104 and the mirrors 108 and 114 are used in forming 
an interferometer 124. FIG. 4 shoWs a Well-knoWn Mich 
elson interferometer con?guration, but the invention can be 
practiced using a Mach-Zehnder interferometer With the 
addition of a second optical coupler (not shoWn). It should 
be noted that a plurality of optical ?ber splices ordinarily 
Would be required to assemble the interferometer 124. Such 
splices are not shoWn because they are Well knoWn in the art. 

[0029] A remotely located optical signal source 126 pro 
vides an optical signal to the optical ?ber 118, Which guides 
the optical signal to the ?ber optic coupler 104. Signals 
output from the optical coupler 104 are input to the ?rst and 
third ?ber optic leads 100 and 110, respectively, to supply 
optical signals to the ?rst and second ?ber optic coils 18 and 
20, respectively. Optical signals are output from the ?rst and 
second ?ber optic coils 18 and 20, respectively, to the ?ber 
optic leads 108 and 112, respectively, Which guide the 
optical signals to the mirrors 108 and 114, respectively. The 
optical signals re?ect from the mirrors 108 and 114, travel 
through the ?rst and second ?ber optic coils 18 and 20, 
respectively, again and then propagate back to the optical 
coupler 104. 

[0030] Motion of the housing 24 induced by an acoustic 
Wave causes a ?exing of the ?exural disk assembly 22 in a 
direction perpendicular to its plane. This ?exing causes 
equal and opposite (i.e. tensile and compressive) strains in 
each of the ?rst and second ?ber optic coils 18 and 20. These 
strains cause equal and opposite changes in the optical path 
lengths of the ?rst and second ?ber optic coils 18 and 20 and, 
hence, cause equal and opposite changes the phase of light 
traveling Within them. 

[0031] The optical signals combine in the optical coupler 
104 to produce a phase modulated interference pattern 
caused by the phase changes in the optical signals as they 
pass through the ?rst and second ?ber optic coils 18 and 20, 
respectively. The optical coupler 104 couples the interfer 
ometer output into the optical ?ber 120. A remotely located 
photodetector 128 receives the phase modulated interferom 
eter output from the optical ?ber 120 and produces an 
electrical signal that may be processed to determine the 
acceleration of the housing 24 that caused the optical path 
lengths to change. 

[0032] Referring to FIG. 5, assembly of the interferomet 
ric sensor 10 of FIG. 1A includes the step of placing the 
damping member on either the post 50 or the post 60. In the 
folloWing description it is assumed that the damping mem 
ber is placed on the post 60. The shear damper 78 is 
expanded slightly When installed on the post 60 so that the 
end portion 62 of the post 60 extends to a location near the 
center of the shear damper 78. This leaves an unexpanded 
end portion 134 of the shear damper 78 extending aWay from 
the end face 66 of the post 60. The unexpanded end portion 
134 of the shear damper 78 has an outside diameter smaller 
than the inside diameter of the central passage 74 of the 
?exural disk 12. This alloWs adequate clearance for easy 
installation of the ?exural disk assembly 22 over the end 
portion 134 of the shear damper 78 and to seat into the 
groove 46 of the second housing member 28 as shoWn. The 
doWel pin 70 may then be inserted into the cylindrical recess 
56 in the post 50 at this point or any time prior to this by a 
press-?t process that is Well-knoWn in the art. 
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[0033] The ?rst housing member 26 may then be loWered 
to engage the second housing member 28 so that the tapered 
end portion 54 of the post 50 begins to enter the end portion 
134 of the shear damper 78 and thus begins to elastically 
expand it. At the same time, continued insertion causes the 
doWel pin 70 to enter the cylindrical recess 64 in the post 60 
until the end faces 58 and 66 of the posts 50 and 60, 
respectively, are in contact. An epoxy adhesive may be 
previously applied to the end faces 58 and 66 to provide an 
even more robust bond joint When cured. The ?rst and 
second housing members 26 and 28, respectively, should be 
arranged so that an outer edge portion 136 of the ?exural 
disk 12 is securely retained betWeen the steps 35 and 42. 
Forcing the tapered end 54 of the post 50 into the damping 
member causes the shear damper 78 to expand radially 
outWard to bring it into contact With the inner edge portion 
76 of the ?exural disk. An epoxy adhesive may be applied 
before ?nal assembly to securely bond the outer portion of 
the ?exural disk 12 betWeen the steps 35 and 42 of the ?rst 
and second housing members 26 and 28, respectively, and to 
make the housing 24 be impervious to ?uids. 

[0034] In the embodiment shoWn in FIG. 2, the shear 
damper 78 is slid over the tapered portion 96 of post 92 until 
a ?rst end edge 140 of the shear damper 78 seats against a 
?rst edge 142 of the groove 98. The ?exural disk assembly 
22 is then mounted to the shear damper 78 as described 
above. An arbor press (not shoWn) may be used to complete 
the ?nal assembly process by forcing the doWel pin 70 into 
the recess 64, Which also seats a second end edge 144 of the 
shear damper 78 against a second edge 146 of the groove 98. 
It should be noted during this last step, the damping member 
becomes compressed axially betWeen the steps 84 and 94 
and is forced to expand radially to provide positive, intimate 
contact With the inner edge portion 74 of the ?exural disk 12. 
The addition of radiuses 85 and 95 of the ?rst and second 
posts 80 and 92, respectively, ensures that the radial expan 
sion of the shear damper 78 does not cause entrapment of the 
damping member betWeen the end faces 86 and 97 When 
fully seated. 

[0035] This expansion of the shear damper 78 against the 
inner edge portion 74 of the ?exural disk 12 helps the shear 
damper 78 to provide shear damping to the motion of the 
?exural disk and the attached ?rst and second ?ber optic 
coils 18 and 20, respectively. Additional bene?ts of the 
invention include a natural built-in degree of shock snubbing 
to prevent damage to the interferometric sensor 10 upon 
exposure to high levels of shock and vibration. 

[0036] The interferometric sensor 10 according to the 
present invention may be used as an accelerometer. The 
interferometric sensor 10 uses commonly available elasto 
meric tubing With knoWn viscoelastic damping properties in 
a shear damped con?guration. In the interferometric sensor 
10, the shear damper 78 is in contact With the inner edge 
portion 74 of the ?exural disk 12. At resonance, the shear 
damper 78 acts to dampen extreme motions that high Q 
(about 45) resonances Would otherWise cause in the ?exural 
disk 12 and limit its maximum travel. FIG. 6 graphically 
illustrates the Q of a typical undamped accelerometer (not 
shoWn) and the Q of the interferometric sensor 10. The net 
effect of using the shear damper 78 is a signi?cant increase 
in the system damping With a corresponding Q reduction 
doWn to 6 or less. Such a change in Q provides adequate 



US 2002/0163644 A1 

dynamic range to perform Within the acceptable operational 
band in systems that Would otherWise have limited dynamic 
range. 

[0037] The structures and methods disclosed herein illus 
trate the principles of the present invention. The invention 
may be embodied in other speci?c forms Without departing 
from its spirit or essential characteristics. The described 
embodiments are to be considered in all respects as exem 
plary and illustrative rather than restrictive. Therefore, the 
appended claims rather than the foregoing description de?ne 
the scope of the invention. All modi?cations to the embodi 
ments described herein that come Within the meaning and 
range of equivalence of the claims are embraced Within the 
scope of the invention. 

What is claimed is: 
1. A?ber optic sensor that includes a ?exural disk having 

a pair of ?ber optic coils mounted on opposite sides thereof 
and connected together to form an interferometer that pro 
duces a sensor output signal in response to acceleration of 
the ?exural disk, comprising: 

a housing having ?rst and second end plates With a 
sideWall extending therebetWeen, the sideWall having 
an inWardly facing groove therein, the ?exural disk 
having an outer edge portion mounted in the inWard 
facing groove, the ?exural disk having a central pas 
sage therethrough; 

a support member extending betWeen oppositely facing 
portions of the ?rst and second end plates and extend 
ing through the central passage in the ?exural disk With 
an inner edge of the central passage being spaced apart 
from the support member; and 

a damping member mounted on the central support mem 
ber and arranged to exert a radial force on the inner 
edge of the ?exural disk to dampen vibrations of the 
?exural member and thereby control the sensor output 
signal amplitude over a selected frequency range. 

2. The ?ber optic sensor of claim 1, Wherein the support 
member is formed to have a pair of base portions connected 
to the ?rst and second end plates, the damping member 
being mounted at a central region of the support member 
betWeen the base portions, the damping member being 
restrained against lengthWise motion relative to the support 
member. 

3. The ?ber optic sensor of claim 2 Wherein the support 
member is formed to have a circumference that increases 
lengthWise aWay from the central region, the damping 
member comprising a length of tubing formed of an elas 
tomeric material, the damping member being mounted on 
the support member at the central region and restrained 
against movement aWay from the central region by elastic 
forces caused by the increasing circumference of the support 
member aWay from the central region. 

4. The ?ber optic sensor of claim 2 Wherein the base 
portions are generally cylindrical and the central region is 
formed as a groove having a pair of edges de?ned by a pair 
of spaced-apart diameter steps in the support member and 
Wherein the damping member has end portions that abut the 
end edges of the groove such that the damping member is 
retained Within the groove. 

5. The ?ber optic sensor of claim 4 Wherein the damping 
member is formed of an elastomeric material and Wherein 
the damping member is axially compressed betWeen the end 
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edges of the groove such that the damping member is 
expanded radially and forced against the inner edge portion 
of the ?exural disk such that the damping member is 
captured in the groove. 

6. The ?ber optic sensor of claim 5 Wherein the groove has 
a diameter that decreases from the end edges of the groove 
toWard a location equidistant therebetWeen. 

7. A?ber optic sensor that includes a ?exural disk having 
a pair of ?ber optic coils mounted on opposite sides thereof 
and connected together to form part of an interferometer that 
produces a sensor output signal in response to acceleration 
of the ?exural disk, comprising: 

a housing that includes a ?rst housing member that 
includes a ?rst end plate, a ?rst sideWall extending from 
an outer edge of the ?rst end plate and a ?rst post 
extending from a central region of the ?rst end plate 
and a second housing member that includes a second 
end plate, a second sideWall extending from an outer 
edge of the second end plate and a second post extend 
ing from the second end plate, the ?rst and second 
sideWalls each having inWard facing notches at end 
edge portions thereof, the ?rst and second housing 
members being arranged end-to-end such that the 
inWard facing notches de?ne an inWard-facing groove, 
the ?exural disk having an outer edge portion mounted 
in the inWard-facing groove and having a central pas 
sage therethrough; 

the ?rst post having a ?rst end face, the second post 
having a second end face, the ?rst and second posts 
being aligned With the ?rst and second end faces being 
adjacent to de?ne a support member extending betWeen 
oppositely facing portions of the ?rst and second end 
plates and extending through the central passage in the 
?exural disk With an inner edge of the central passage 
being spaced apart from the support member; and 

a damping member mounted on a central region of the 
support member and arranged to exert a radial force on 
the inner edge of the ?exural disk to dampen vibrations 
of the ?exural disk and thereby control the sensor 
output signal amplitude over a selected frequency 
range. 

8. The ?ber optic sensor of claim 7, Wherein the damping 
member is formed of an elastomeric material and arranged 
to be restrained against lengthWise motion relative to the 
support member. 

9. The ?ber optic sensor of claim 8 Wherein the support 
member is formed to have a circumference that increases 
lengthWise aWay from the central region, the damping 
member comprising a length of elastomeric tubing, the 
damping member being restrained against movement aWay 
from the central region by elastic forces caused by the 
increasing circumference of the support member aWay from 
the central region. 

10. The ?ber optic sensor of claim 7 Wherein the ?rst post 
has a ?rst generally cylindrical base portion and a ?rst 
tapered end portion separated from the ?rst base portion by 
a ?rst diameter step and Wherein the second post has a 
second generally cylindrical base portion and a second 
tapered end portion separated from the second base portion 
by a second diameter step, the ?rst and second diameter 
steps de?ning end edges of a groove When the ?rst and 
second posts are placed end-to-end, and Wherein the damp 
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ing member has end portions that abut the end edges of the 
groove such that the damping member is retained Within the 
groove. 

11. The ?ber optic sensor of claim 10 Wherein the 
damping member is formed of an elastomeric material and 
Wherein the damping member is axially compressed 
betWeen the end edges of the groove such that the damping 
member is expanded radially and forced against the inner 
edge portion of the ?exural disk. 

12. The ?ber optic sensor of claim 11 Wherein the groove 
has a diameter that decreases from a ?rst diameter at a 
location adjacent the end edges of the groove to a second 
diameter at the end faces of the posts. 

13. The ?ber optic sensor of claim 10 Wherein both ?rst 
and second posts include end portions having a radius 
formed at their end faces to prevent pinching of the damping 
member betWeen the end faces When the housing is 
assembled. 

14. The ?ber optic sensor of claim 7 Wherein the ?rst end 
face has a ?rst recess therein and the second end face has a 
second recess therein and a doWel pin is arranged to extend 
into the ?rst and second recesses to align the ?rst and second 
posts and to add stiffening to the housing. 

15. Amethod for forming a ?ber optic sensor that includes 
a ?exural disk having a pair of ?ber optic coils mounted on 
opposite sides thereof and connected together to form an 
interferometer that produces a sensor output signal in 
response to movement of the ?exural disk, comprising the 
steps of: 

forming a housing to have ?rst and second end plates With 
a sideWall extending therebetWeen, the sideWall being 
formed to have an inWardly facing groove therein; 

mounting the ?exural disk in the inWardly facing groove, 
the ?exural disk having a central passage therethrough; 

forming a support member that extends betWeen oppo 
sitely facing portions of the ?rst and second end plates 
and that extends through the central passage in the 
?exural disk With an inner edge of the central passage 
being spaced apart from the support member; 

mounting a damping member on the central support 
member; and 

arranging the damping member to exert a radial force on 
the inner edge of the ?exural disk to dampen vibrations 
of the ?exural member and thereby control the sensor 
output signal amplitude over a selected frequency 
range. 

16. The method of claim 15, including the steps of: 

forming the support member to have a pair of base 
portions connected to the ?rst and second end plates; 

mounting the damping member at a central region of the 
support member betWeen the base portions; and 

restraining the damping member against lengthWise 
motion relative to the support member. 

17. The method of claim 15 including the steps of: 

forming the support member to have a circumference that 
increases lengthWise aWay from the central region; 

forming the damping member to comprise a length of 
tubing formed of an elastomeric material; 
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mounting the damping member on the support member at 
the central region; and 

restraining the damping member against movement aWay 
from the central region by elastic forces caused by the 
increasing circumference of the support member aWay 
from the central region. 

18. The method of claim 16 including the steps of: 

forming the base portions to be generally cylindrical; 

forming the central region as a groove having a pair of end 
edges de?ned by a pair of spaced-apart diameter steps 
in the support member; and 

forming the damping member to have end portions that 
abut the end edges of the groove to retain the damping 
member Within the groove. 

19. The method of claim 18 including the steps of: 

forming the damping member of an elastomeric material; 
and 

axially compressing the damping member betWeen the 
end edges of the groove such that the damping member 
is expanded radially and forced against the inner edge 
portion of the ?exural disk. 

20. The method of claim 19 including the step of forming 
the groove to have a diameter that decreases from its end 
edges toWard its center. 

21. Amethod for forming a ?ber optic sensor that includes 
a ?exural disk having a pair of ?ber optic coils mounted on 
opposite sides thereof and connected together to form part of 
an interferometer that produces a sensor output signal in 
response to acceleration of the ?exural disk, comprising: 

forming a housing that includes a ?rst housing member 
that includes a ?rst end plate, a ?rst sideWall extending 
from an outer edge of the ?rst end plate and a ?rst post 
extending from a central region of the ?rst end plate 
and a second housing member that includes a second 
end plate, a second sideWall extending from an outer 
edge of the second end plate and a second post extend 
ing from the second end plate; 

forming the ?rst and second sideWalls to each have 
inWard facing notches at end edge portions thereof; 

arranging the ?rst and second housing members end-to 
end such that the inWard facing notches cooperate to 
de?ne an inWard-facing groove; 

mounting a damping member at a central region of the 
support member; 

mounting an outer edge portion of the ?exural disk in the 
inWard-facing groove; 

aligning the ?rst and second posts end-to-end to de?ne a 
support member extending betWeen oppositely facing 
portions of the ?rst and second end plates; 

arranging the support member to extend through a central 
passage in the ?exural disk With an inner edge of the 
central passage being spaced apart from the support 
member; and 

arranging the damping member to exert a radial force on 
the inner edge of the ?exural disk to dampen vibrations 
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of the ?eXural disk and thereby control the sensor 
output signal amplitude over a selected frequency 
range. 

22. The method of claim 21 including the steps of: 

forming the damping member to comprise an viscoelastic 
material; and 

restraining the damping member against lengthWise 
motion relative to the support member. 

23. The method of claim 22 including the steps of: 

forming the support member to have a circumference that 
increases lengthWise aWay from the central region; 

forming the damping member to comprise a length of 
elastomeric tubing; and 

restraining the damping member against movement aWay 
from the central region by elastic forces caused by the 
increasing circumference of the support member aWay 
from the central region. 

24. The method of claim 21 including the steps of: 

forming the ?rst post to have a ?rst generally cylindrical 
base portion and a ?rst tapered end portion separated 
from the ?rst base portion by a ?rst diameter step; 

forming the second post to have a second generally 
cylindrical base portion and a second tapered end 
portion separated from the second base portion by a 
second diameter step; 
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placing the ?rst and second posts together end-to-end, 
such that the ?rst and second diameter steps de?ne end 
edges of a groove; and 

arranging end portions of the damping member to abut the 
end edges of the groove such that the damping member 
is retained Within the groove. 

25. The method of claim 24 including the steps of: 

forming the damping member to comprise a viscoelastic 
material; and 

aXially compressing the damping member betWeen the 
end edges of the groove such that the damping member 
is expanded radially and forced against the inner edge 
portion of the ?exural disk. 

26. The method of claim 21 including the step of forming 
the groove to have a diameter that decreases from a ?rst 
diameter at a location adjacent the end edges of the groove 
to a second diameter at end faces of the posts. 

27. The method of claim 24 including the step of forming 
the end faces of both the ?rst and second posts to have a 
radius such that a void is formed adjacent the end faces of 
the posts and the damping member to prevent the damping 
member from being pinched betWeen the end portions of the 
?rst and second posts When they are placed end-to-end in the 
damping member. 


