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STAR PATTERNED ACCELEROMETER REED

Field of the Invention

The invention relates to the field of accelerometers and, more

particularly to flappers or reeds used in a proof mass of an accelerometer.

Background of the Invention

Force rebalance accelerometers which include a proof mass suspended
between one or more magnet assemblies are generally known in the art. Examples of
such accelerometers are disclosed in U.S. Patent Nos. 4,182,187; 4,250,757,
4,394,405; 4,399,700, 4,400,979, 4,441,366, 4,555,944, 4,555,945, 4,592,234,
4,620,442; 4,697,455; 4,726,228; 4,932,258; 4,944,184; 5,024,089; 5,085,079,
5,090,243; 5,097,172; 5,111,694 5,182,949; 5,203,210; 5,212,984; 5,220,831, and
Re. 34,631 all of which are hereby incorporated by reference. Such force rebalance
accelerometers normally include a proof mass having a reed or flapper formed from
amorphous quartz, suspended by one or’more flexures between stators having
permanent magnets to enable the proof mass to deflect in response to forces or
accelerations along a sensitive axis, generally perpendicular to the plane of the proof
mass. The proof mass also typically includes at least one torquer coil secured to the
reedI which functions as an electromagnet. At rest, the proof mass is normally
suspended equidistantly between upper and lower excitation rings. Electrically
conductive material forming pick-off capacitance plates, is disposed on opposing sides
of the proof mass to form capacitive elements with the excitation rings. An
acceleration or force applied along the sensitive axis causes the proof mass to deflect
either upwardly or downwardly which causes the distance between the pick-off
capacitance plates and the upper and lower excitation rings to vary. This change in the
distance between the pick-off capacitance plates and the upper and lower excitation
rings causes a change in the capacitance of the capacitive elements. The difference in
the capacitances of the capacitive elements is thus rebresentative of the displacement of
the proof mass along the sensitive axis. This displacement signal is applied to a servo
system that includes the torquer coils which function, in combination with a current

applied to the torquer coils and the permanent magnets, to return the proof mass to its
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null or at-rest position. The magnitude of the drive currents applied to the torquer
coils, in turn, is representative of the acceleration or force along the sensitive axis.

One problem encountered in this type of accelerometer results from the
use of a gas, usually a mixture of neutral gases such as helium and nitrogen, utilized to
fill the accelerometer to provide gas damping for the proof mass. Under extreme
acceleration conditions, it has been found that the gas damping can result in an
overshoot condition when the extreme acceleration condition is removed.

In addition, it has been discovered that in certain power off situations
the reed, which has a highly polished surface will have a tendency to stick or latch up
to the highly polished surface of the stator thereby increasing turn on times for the
accelerometer. One approach to solving this problem is described in U.S. Patent
4,825,335 where in a rectangular moveable capacitor plate, which is suspended on
each side by fingers, is provided with a number of air passages extending through the
plate along with grodves in the plate leading up to the air passages to facilitate the flow
of air. However etching holes in the flapper of the above described accelerometer is

not a practical solution to this problem.

Summary of the Invention
It is therefore an object of the invention to provide for improved gas

damping and reduced lock up in an accelerometer having a proof mass that includes an
arcuate reed suspended by hinges for rotation between two stator members.

It is a further object of the invention to provide an arcuate reed for use
with a proof mass of an accelerometer where the reed includes a number of radially
extending grooves.

Another object of the invention is to provide an arcuate reed for use
with a proof mass, which is suspended by a pair of flexure hinges between a pair of
stators, where the reed includes radially extending grooves etched on both sides and
located at approximately 45 degree intervals on the side away from the hinges. Ina
reed approximately 0.030 inches thick, the grooves can be 0.020 inches wide and
0.0005 inches deep.



WO 97/07405 ' PCT/US96/13218

10

15

20

25

30

Brief Description of the Drawings
FIG. 1 is an exploded perspective view of a force rebalance
accelerometer according to the invention; and

FIG. 2 is a top view of a reed having grooves for use with the

accelerometer of FIG. 1.

Detailed Description of the Invention

FIG. 1 illustrates in an exploded view form, an acceleration transducer
of the type disclosed in detail in the aforementioned U.S. Pat. No. 4,250,757. In this
embodiment, for descriptive purposes, the accelerometer includes an upper magnet or
stator structure 10 and a lower magnet or stator structure 12. Included in each of the
upper 10 and lower 12 stator structures are permanent magnets as illustrated by a
magnet 14 shown in the lower stator structure 12. In addition the lower stator
structure includes support posts for electrical leads as illustrated at 16 and 18. Also
shown in FIG. 1 is a movable element assembly in form of a proof mass assembly,
generally indicated at 20. Included in the proof mass assenibly is an outer annular
support member 22 which is supported between opposed planar surfaces 19 and 21 of
the upper stator structure 10 and the lower stator structure 12 by pairs of spacer
elements or mounting pads 24 on the member 22. The lower pad of each pair of
mounting pads is not shown in the drawing. As shown in’FIG. 1 the location of each
pair of mounting pads 24 is spaced apart from each other around the support ring 22.
Included in the proof mass assembly 20 is a movable flapper or reed 26 extending
radially inwardly from the outer support ring 22. The reed 26 and the support ring 22
are preferably etched out of a single piece of amorphous quartz. Deposited on the
upper and lower surfaces of the reed 26 is an electrically conductive material 28,
preferably gold and having an arcuate shape, that serves as a capacitive pick-off area or
plate. The capacitive pick-off plates 28 on the upper and lower surfaces of the reed 26
cooperate with the opposed surfaces 19 and 21 of the upper and lower stator
structures 10 and 12 to provide a capacitive pick-off system.

Mounted on each side of the reed 26 is a force restoring coil 30. Asis

well understood in the art, the force restoring or torquer coils 30 cooperate with the
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respect to the support ring 22.

The reed 26 including the force coils 30 is connected to the support

ring 22 by means of a pair of flexure elements 32 and 34. The flexures 32 and 34

- permit the proof mass 20 including the reed 26 and the coil 30 to move in a rotational

pendulous manner with respect to the annular support ring 22. The reed 26 will move
in response to forées along the sensitive axis 35 of the accelerometer. Also deposited
on the support ring 22 and flexures 32 and 34 are thin film pick-off leads 36 and 38
which provide electrical connections to the capacitor plates 28 and the force coils 30.
In order to increase damping efficiency and reduce lock up, the reed 26,

as shown in the top view of FIG. 2, is configured with a set of radially extending

- grooves 40-48 in the upper surface. The drawing of FIG. 2 omits the torquer coils 30

shown in FIG. 1 and illustrates a cut out area 50 on the reed 26 Which permits
electrical connections to the torquer coils 30. In the preferred embodiment of the
invention, the five grooves 40-48 are spaced at 45 degree intervals in a star pattern on
the upper surface of the half of the reed 26 which is opposite the flexures 34 and 36.
Corresponding grooves (not shown) are etched in the lower surface of the reed 26.
The grooves 40-48 extend radially from the cut out portion 50 to the edges of the reed
26. In the embodiment of the reed 26 shown in FIG. 2, the reed 26 is approximately
0.030 inches thick with a diameter of 0.642 inches and the grooves 40-48 etched into
the reed 26 are approximately 0.020 inches wide with an approximate depth of 0.0005

inches.
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I Claim:

1. An accelerometer comprising:

a first and a second stator member wherein each of said stator members
includes a generally planar capacitive pick-off area;

a proof mass assembly rotatably secured between said first and said
second stator members by at least one flexure member wherein said proof mass
includes an arcuate reed member having an upper surface and a lower surface;

at least one capacitive pick-off area deposited on at least one surface

said reed member; and

at least one radial groove configured on at least one surface of said reed
member.

2. The accelerometer of Claim 1 wherein said reed member
includes a central cut out portion and said radial groove extends from said central cut
out portion to the edge of said reed member.

3. The accelerometer of Claim 1 wherein said grooves have an
approximate depth of 0.0005 inches.

4, The accelerometer of Claim 1 wherein said grooves have a
width of approximately 0.020 inches.

5. An accelerometer comprising:

a first and a second stator member wherein each of said stator members
includes a generally planar capacitive pick-off area;

a proof mass assembiy rotatably secured between said first and said
second stator members by at least one flexure member wherein said proof mass
includes an arcuate reed member having an upper and a lower surface;

at least one capacitive pick-off area deposited on at least one surface of
said reed member; and

a plurality of radial grooves configured on at least one of said surfaces
of said reed member.

6. The accelerometer of Claim 5 wherein said grooves are located

on both said upper surface and said lower surface of the reed.
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7. The accelerometer of Claim 6 wherein are at least five of said
grooves located on both said upper and lower surfaces of said reed.

8. The accelerometer of Claim 7 wherein said grooves extend to
the edge of said reed member.

9. An accelerometer compﬁsing:

a first and a second stator member wherein each of said stator members
includes a generally planar capacitive pick-off area;

a proof mass assembly rotatably secured between said first and said
second stator members by at least one flexure member wherein said proof mass
includes an arcuate reed member having an upper surface and a lower surface;

at least one capacitive pick-off area deposited on at least one surface
said reed member; and _

a plurality of grooves configured one at least one of said surfaces of
said reed member wherein said grooves are space apart by approximately 45 degrees
on the side of the said reed member away from said flexure members.

10.  The accelerometer of Claim 9 wherein said grooves have a

width of 0.020 inches and a depth of 0.0005 inches and extend to the edge of said

reed.
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