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In accomplishing these and other objects, there is
MINIATURE INERTIAL MEASUREMENT UNIT

provided a platform arranged to be rotated about a
single axis upon which are mounted a plurality of sen
sors, such as solid state accelerometers. The accelerom
eters are mounted at an angle to the platform and to the

This invention was made with government support
under Contract DAAA21-85-C-0290 awarded by the

Department of the Army.

single axis such that the rotary motion thereof allows
the accelerometers to sense the angular rotation rates by
measuring induced Coriolis accelerations. The Coriolis

BACKGROUND OF THE INVENTION

accelerations are proportional to the vector cross prod

1. Field of Invention

uct of the accelerometer’s vibration velocity and the

The present invention relates to an inertial measure

applied angular velocity. The output signals from the

ment unit (IMU) and, more particularly, to a small size,
low weight, minimum power and low cost inertial mea
surement unit utilizing a plurality of sensors rotated
about a single axis.

2. Description of the Prior Art
Existing strap down inertial measurement units typi

accelerometers include the desired linear acceleration

and angular velocity necessary to provide the informa
tion needed for measurements by inertial measurement
15

units. This information is extracted by circuitry which
takes the sum and difference of the accelerometer pairs

cally consist of a cluster of separate gyros and acceler
ometers of complex electromechanical and/or electro
optical design. These IMUs were originally designed to
meet the high performance requirements of an aircraft

and performs the necessary quantization, coordinate
transformation and compensation to yield compensated

navigation system with operation times measured in

BRIEF DESCRIPTION OF THE DRAWINGS
A better understanding of the invention and the ad
vantages thereof will be had after careful consideration

hours. Application of these gyros and accelerometers to
?ight control IMU’s for short duration ?ight, such as

required for expendable weapons which operate in
times measured in minutes, has resulted in systems with
excessive size, weight, power, and cost, and with inade
quate environmental capabilities. Remember that the
existing strap down IMUs typically require a separate
gyro and accelerometer for each axis within a three axis

orthogonal system.
Some systems have been proposed which reduce the
number of gyros and accelerometers by using one spe
cialized sensor for sensing two axes. Typically, the
specialized sensor is placed upon a spinning shaft. As
the multiple sensor is capable of sensing two of the three
axes within an orthogonal system, there still remains the
requirement for two sets of the sensors as well as the

need for motors and bearings to accommodate the spin
ning axes. This also results in a redundant axis which

adds size, weight, and cost.
Another approach to an inertial measurement unit for

measuring the speci?c force and angular velocity of a
moving body utilizes an orthogonal triad of rotating

A0 and AV outputs in either body ?xed or inertial coor
dinate frame.

of the following speci?cation and drawings wherein:
FIG. 1 is a top plan view of a inertial measurement

unit which incorporates the present invention;
FIG. 2 is a cross-sectional view taken along line
II—II of FIG. 1;
FIG. 3 is an exploded perspective view showing the
concept embodied in FIGS. 1 and 2;
FIG. 4 is an exploded perspective view showing an
accelerometer utilized within the present invention;
FIG. 5 shows the proofmass of the accelerometer of
35 FIG. 4 in greater detail, including the orientation of the

input axis, output axis, and pendulous axis;
FIG. 6 is a schematic diagram illustrating a multi
function sensor which demonstrates a pair of opposing
accelerometers and their ability to cancel the random

vibration induced in angular velocity measurements via
common mode rejection;

FIG. 7 is a schematic diagram illustrating the elec
tronics of the present invention;

FIG. 8 is a vector diagram shown in perspective
accelerometers. This system reduces the number of 45 illustrating the input, output, and pendulous axes of

components required to provide an IMU, but there still

remains the requirement for spinning three accelerome
ters around the three orthogonal axes with the accom

panying requirement for bearings and spin motors and
resolvers. It has also been suggested that the spinning
accelerometers may be vibrated in an oscillating man
ner instead of spinning around the orthogonal axes.
A further improvement on the arrangement just de

three accelerometers;
FIG. 9 is one segment of the vector diagram shown in
FIG. 8; and
FIG. 10 is a set of curves illustrating the advantages

of the circuitry shown in FIG. 7.
DESCRIPTION OF THE PREFERRED
EMBODIMENT

scribed vibrates two accelerometers in a back-and-forth
The inertial measurement unit 10 of the preferred
arrangement utilizing a parallelogram structure to 55 embodiment is shown in FIG. 1 having a ring shaped
mount the accelerometers. This arrangement introduces
platform 12 attached by veins 14 to a hub 16 having an
errors in that the motion induced by the parallelogram
aperture 18 therein. The hub 16, veins 14, and platform
is not a linear nor a revolving motion but a generally
12 form a paddle-wheel like platform which rests upon
curved motion. The parallelogram structure is also
a base 20 that, in turn, may be mounted upon the vehicle
complicated and bulky.
whose movements are to be monitored by the inertial
measurement unit 10. The paddle-wheel platform 12 is
SUMMARY OF THE INVENTION
secured to base 20 by a bolt 22 and is protected by a
Accordingly, it is an object of the present invention
cover 24, best seen in FIG. 2.
to provide a miniature, low cost, three axis inertial mea
Mounted upon the surface of platform 12 are a plural
surement unit.

It is a further object to provide a low cost ineretial

65 ity of sensors 26 which are mounted upon canted sur

measurement unit which is relatively unaffected by heat

faces 28 machined within the platform 12. As best seen
in FIGS. 2 and 3, the sensors 26 are mounted in sets of

and vibration.

three with the sensors labeled A1, A2, and A3 (FIG. 3)

3
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canted at an angle to a rotary axis 30 so that the edges

absence of grain boundaries or defects within the high

closest to aperture 18 are lower than the opposite edges.
Similarly, sensors B1, B2, and B3 are mounted with the
edges closest to the axis 30 of platform 12 at the highest
point. It will be seen in FIG. 2 that sensors A1 and B1 are
mounted with the canted surfaces 28 parallel to each
other and at an angle to the platform 12 and to the single
axis 30.

purity single crystal lattice permits extremely elastic
?exures to be formed free of mechanical hysteresis.

Material properties of the silicon accelerometer hinge
42 or 44, proofmass 38, and frame 34 are identical, con
tinuous and free of built-in-stresses because they are all

etched from a single crystal. The silicon accelerometer
may be fabricated for low cost in small sizes. The excel

In the preferred embodiment, a plurality of piezoelec

lent mechanical properties mentioned above coupled
with nonmagnetic properties, the nonorganic materials
and the potential to integrate electronics onto the chip
make the silicon chip accelerometer extremely useful in
the present invention.
The principal of operation of the inertial measure

tric drive members, in the form of thin strips 32, are
bonded or otherwise attached to both sides of the veins

14. The piezoelectric drive members 32 are driven by
suitable electric signals to cause one on one side of vein

14 to constrict while the other expands. This causes the
veins 14 to bend for producing an oscillation of the ring 5 ment unit 10 utilizing a Coriolis based multisensor con
shaped platform 12. This oscillation may be a sinusoidal
cept and common mode rejection is shown in FIG. 5.
vibration about the axis 30 which becomes a dither axis.
To measure angular velocities using linear accelerome
Altemately, the platform 12 may be spun about the
ters, it is necessary to impart a velocity to the acceler
axis 30 which becomes a spin axis.
ometer along an axis perpendicular to its input axis and
In the preferred embodiment, the sensors 26 are ac 20 sense the Coriolis acceleration induced by angular ve

celerometers fabricated by anisotropic etching and se
lective doping a silicon wafer. This technique, bor
rowed from the electronics industry, utilizes silicon

wafers to produce highly specialized and accurately
machined parts in large quantities for relatively low

locities applied about the axis which is mutually orthog
onal. FIG. 5 illustrates this principal of operation show
25

ing the relationship between the axes of the accelerome
ter, including: the vibration excitation along the output

costs. As seen in FIG. 4, the accelerometer 26 includes

axis (0A), the input angular rate along the pendulous

48 to suitable electronics 50 mounted either on the

motors and resolvers.

proofmass 38 or the chip 34. A pair of electrodes 52 and
54 are respectively deposited on the lower surface of
the upper plate 36 and the upper surface of the lower

shown in a block diagram which illustrates common

axis (PA), and the Coriolis acceleration sensed along the
a single crystal silicon chip 34 sandwiched between a
input axis (IA). The choise of vibrating or oscillating
pair of nonconductive insulative members 36 which
the accelerometers 26 rather than spinning to induce the
may be made from pyrex. The heart of the accelerome
ter is formed by a proofmass 38 which has been sepa 30 excitation velocity for angular rate measurement is one
of design preference. Either will produce the results
rated from silicon chip 34 by an etched channel 40 to
desired
by the present invention.
free the proofmass 38 along at least three of its edges.
The reason for using accelerometer pairs 26, as seen
The fourth edge is provided with a hinge 42 which may
in FIG. 6 at 56 and 58, is that it permits the cancellation
be formed by etching away some, but not all of the edge
of randomly induced vibrations. This cancellation is
that joins the proofmass 38 to the silicon chip 34.
accomplished by the common mode rejection of oppo
Any hinge design will do within the present inven
sitely oriented accelerometers vibrated at the same fre
tion. However, the preferred embodiment may utilize a
quency but 180° out of phase of each other. Thus, sensor
crossed beam ?exure blade hinge 44 as more fully de
A1 is paired with sensor B1. These sensors are oriented
scribed in a patent application entitled INTE
with their output axis (0A) pointed in the same direc
GRATED, FORCE BALANCED ACCELEROME
tion about the platform 12 as seen in FIG. 3. The effect
TER, U.S. Pat. No. 4,679,434, issued July 14, 1987, and
of this orientation is to cancel the random vibration
assigned to the common assignee. The crossed blade
having energy at the oscillation frequency by common
?exure beam 44 is shown more completely in FIG. 5.
mode rejection. One advantage of the vibration over
As seen in FIG. 4, the proofmass 38 is doped to form
a conductive plate 48 on its oppossite surfaces. The 45 spinning is the elimination of spin bearings and the mag
netic and inductive components associated with spin
silicon chip 34 may also be doped to connect the plates

plate 36 opposite the conductive plates 48. In operation,
the accelerometer sensor 26 applies suitable electro
static charges to plates 52 and 54 to attract the pendu
lous proofmass 38 to a neutral position. The signals thus
generated are utilized within the electronics of the iner
tial measurement unit 10.
As seen in FIG. 5, the proofmass or pendulum 38 has
three basic axes. These include an output axis (0A)
which passes through the center of the crossed beam
?exure blade hinge 44. Perpendicular to the output axis 60

Referring again to FIG. 6, a single axis multisensor is

mode rejection. This multisensor is further described in
a pending patent application entitled SINGLE AXIS
VIBRATION ACCELEROMETER MULTISEN
SOR, U.S. Pat. No. 4,744,248, issued May 17, 1988, and
assigned the common assignee. The two parallel accel
erometers 56 and 58 are mechanically oscillated by a
drive mechanism 59 along their output axes (CA) as a

balanced load such that their velocity excitations (V1)
are equal and opposite sinusoids of the form:
V1 = V0 sin (mt)

(0A) and passing through the plane of the pendulous
mass 38 is a pendulous axis (PA). Perpendicular to these
two axes is an input axis (IA).
There are many advantages to fabricating the accel
erometer sensor 26 from a silicon chip 34 sandwiched 65

between pyrex plates 36. For one thing, the tensile yield

strength of single crystal silicon is 6.9X10 l0 dy
nes/cm2 or about three times that of stainless steel. The

V2= V0 sin (mt+ 180“): V0 sin (tut)

V1: V2

Then in the presence of an angular velocity (0) along
the accelerometers’ pendulous axes (PA) and an accel
eration () in the direction of the instruments’ input axes

5
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(IA), the total acceleration measured by each acceler
ometer is:

arrangement. While the preferred angle of canted sur
face 28 is 35.26°, any angle other than 0° and 90° may be

Accel s6=,i’+ 20 V0 sin (mt)

utilized. In some applications, it is more desirable to
arrange the accelerometers at an angle which will em
phasize one axis over the others.
Referring now to FIG. 7, a circuit which may be used
to operate the three axis inertial measurement unit 10 is
shown. It will be seen that some of the electronics may
be fabricated upon the sensor assembly of the silicon

Accel sitar-21m) sin (an)

The summed total measurement of the two acceler

ometers at summing ampli?er 60 is:

chip 34 as shown at 50 (FIG. 4), while the support
electronics unit may be formed from very large scale

Accel 56+ Accel 58 = 2i;

integration (VLSI) circuits closely associated with the

provides a measurement of twice the linear acceleration
and rejects the common out of phase Coriolis accelera
tion. Similarly, the subtracted or differenced accelerom
eter measurements at difference ampli?er 62 is:
Accel 56 —.:Accel 58 =(1l; + 20. V() sin

6

axes such that the pendulous axes and the input axes
each intersect the dithered axis in a mutual orthogonal

electronics 50. The circuit for one pair of accelerome
ters 26 (A1 and B1) is shown within the dotted line box.
Similarly, only one set of the sum and difference ampli
?ers 60 and 62 is shown. The accelerometers 26 (A1 and
20

(wt)) — (X — 20 V0 sin (mt))

Accel 56-Accel 58:49 V0 sin wt

yields a signal whose amplitude (4QV0) is proportional

B1) produce an output signal applied to rebalance elec
tronics 64 which applies a feedback signal to the accel
erometers 26. More particularly, as the proofmass 38
moves in one direction, caused by a dither drive 66 for
inducing an oscillating motion about the dithered axis

30 or by an external motion of the vehicle frame, a
to the desired angular velocity measurement (i.e., two 25 change of capacitance is created between the plates 48
times the Coriolis acceleration) and rejects the common
of proofmass 38 and the electrodes 52 and 54. This
linear acceleration. Therefore, it becomes feasible to
change is sensed by the rebalance electronics 64 which
mechanize a viable, complete inertial measurement unit
generate a feedback signal to return the proofmass 38 to
10, with three pairs of parallel accelerometers 26, a

sinusoidal velocity excitation, and the appropriate elec

30

its initial position.

These same signals from accelerometers A1 and B1
tronics to sum and difference the outputs of pairs of
are then applied to the summing ampli?er 60 and differ
accelerometers.
ence ampli?er 62. The signal from ampli?er 60 is ?l
While six accelerometers work nicely to eliminate
tered by a low pass ?lter 68 and applied to a quantizer
random vibration by common mode rejection, three
accelerometers may be utilized in benign environments 35 70 and then to a microprocessor and digital data bus 80
which transforms the analog acceleration data into digi
where no vibration is present, such as space.
tal pulses representing velocity increments AV. The
The preferred embodiment of the present invention
signals from difference ampli?er 62 are synchronously
consists of six accelerometers 26 mounted sixty degrees

apart upon the rim of the paddle-Wheel shaped body
demodulated by a signal from a demodulator 72 at the
that forms the platform 12. In the preferred embodi 40 resonant drive frequency supplied by an oscillator 74 to
ment, an AC voltage is used to drive the piezoelectric

the dithered drive 66 and the demodulator 72. The

strips 32 resulting in the simple sinusoidal oscillation of

demodulated difference signal is applied to the quan
tizer 70 and the microprocessor and digital data bus 80

the accelerometers 26. As seen in FIG. 3, the acceler
ometer sensors 26 are mounted as three pairs of pendu

which transforms the analog angular velocity data into
lous accelerometers A1, A2, and A3; and B1, B2, and B3. 45 digital angular increments A6.
The accelerometer pairs (A and B) are parallel, i.e.,
The electronics contain, in addition to the signal pro
parallel input axes (10), parallel output axes (OA), and
cessing, a precision reference voltage supply 76 and
parallel pendulous axes (PA). The output axes (0A) are
temperature sensors 78. The two channels of tempera
all mounted in a common plane perpendicular to the
dithered axis 30. The centers of gravity of each acceler
ometer’s proofmass 38 are all at an equal distance from
the dither axis 30. The accelerometer pendulous axes
(PA) and the input axes (IA) are canted at an angle to

the mounting plane of platform 12 and the dither axis
30.

The canted angle may be established by placing a
cube on one of its corners such that a bisector of the

angles which form the corner is perpendicular to the
plane upon which the corner rests. In this con?guration,
the angle of each corner edge is 35.26“ to the plane. In

the preferred embodiment, this is the angle at which the
canted surfaces 28 are cut into the platform 12. In this
con?guration, the pendulous axes (PA) of each set of

ture data T1 and T2 are digitized by an A/D converter

83 and applied to the microprocessor 80 for adjustment
of the data transmitted over the data bus line 82. The six
accelerometers 26 are mounted in pairs with all output

axes (OA) lying in a plane perpendicular to the angular
55 rotation or dither axis 30. All pendulous axes (PA) are

canted from this plane by B. This canting alternates up

and down for each accelerometer around the rim of
platform 12. The accelerometers which are paired are
diametrically opposed to each other and have their

input axes (IA) parallel to each other.
To demonstrate the relationship between the acceler
ation input axes (IA) and the angle velocity set of sens
ing axes or pendulous axes (PA) consider the con?gura

tions shown in FIGS. 8 and 9. Let the unit vector triad
accelerometers A and B form an orthogonal coordinate
about the dithered axis 30. However, the input axes (IO) 65 (E1, 52, 53) represent the acceleration input axes (IA) of
3 accelerometers (one from each paired set) and the unit
do not form an orthogonal coordinate when intersect
vector triad (b1, b2, 53) represent the angle rate input
ing the dithered axis 30. It is not possible to arrange a
axes or pendulous axes (PA). 5 is the unit vector about
system in which each sensor has an orthogonal set of

4,841,773
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which dithering takes place and (pi, [T2, [73) are the

-continued

radius vectors of three equally spaced accelerometers:

Since the body angle velocities are sensed here using
the Coriolis acceleration components generated by the
dithering relative motion with respect to the same body,
it is bene?cial to select the acceleration sensing axes to
coincide with the three directions of the Coriolis accel
erations. This relationship between the acceleration

since 5X5,- is perpendicular to 5; we can drop .fliix?i,
we thus have

sensing axes (IA) and angle rate sensing axes (PA) is
derived upon using the Coriolis acceleration component
de?nition.
15

This last relation, when resolved into the sensing
directions axes a1, a2, a; can be reduced into the follow

The general expression for acceleration ap measured

ing scalar relations:

at a point mass moving in a rotating system is (relative
to inertial space)

2

25

M)

where

é=body reference point acceleration,
Q=body angular velocity,
r=body reference radius vector, and
d/dt=body relative time rate of change.
Let the dithering relative motion be represented by the

velocity
2

n32

Q12

.02 +7 +T + 9.293 — 9192 + [2103
F: p

(1.2) 35

W1}

The corresponding relative acceleration is
d2;

(1.3)

2

9.22

+ T- + 0391 — 9-392 + 0102

Introducing (1.2) and (1.3) into (1.1) yields:
45

Since for pairs of opposite sensors

These are the relations _used to ‘extract ‘(11, Q2, Q3.
Since the Coriolis terms 4tppQ1, 41l1pQ2, 4¢pQ3 are the
only amplitude modulated terms at the dither’s fre
quency, it is rather straight forward to separate these
terms.

Referring to FIG. 10, a set of curves is used to illus

trate the relative ease of separating the terms. The ?rst
term 4iljp? is the Coriolis term which is the desired

in = —p\
P5 = -P2

P6 = —P3

we obtain

term being sought within the circuitry of FIG. 7. The
292p term is a term representing twice the frequency
55 which is eliminated by integrating over a half cycle, as
illustrated in FIG. 10. The remaining terms within the
equation set forth above are DC terms which may be

?ltered by capacitants before the quantizer circuit 70.
While the foregoing invention has been described
with three or six accelerometers 26 of the solid state
silicon type mounted at an angle to the dithered axis 30,

it will be understood that different numbers and types of

where a1, a2, a3, are the projections of 5,, on 5,, 52 and 53

correspondingly.
Taking the differences
65
Aapl = am — (1P4

accelerometers, different mounting angles, and different
mounting con?gurations may be utilized within the
teachings of the present invention. Further, addition of
a receiver for global positioning signals from a global
positioning satellite will convert the inertial measure
ment unit into a compact navigational unit having in

4,841,773
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creased accuracy. Accordingly, the invention should be

for cancelling the linear acceleration signals while

limited only by the accompanying claims.

retaining the angular velocity signals.

12. An inertial measurement unit, as claimed in claim
I claim:
1, wherein:
1. A three axis inertial measurement unit, comprising:
said input axes of said plurality of sensors are each
a platform mounted for rotary motion about a single 5
mounted at an angle to said platform to lie within a
axis with respect to an object whose motion is

plane that includes said single axis.

being measured;

13. A three axis inertial measurement unit, compris

a plurality of sensors mounted upon said platform,
said sensors each having an input axis, an output

ing:
a platform mounted for rotary motion about a single

axis, and a pendulous axis; and

axis;

said sensors mounted upon said platform such that
said input axis of each sensor is at a predetermined

a plurality of accelerometers arranged in pairs

angle to said single axis and said platform.

mounted with respect to an object whose motion is

being measured

2. An inertial measurement unit, as claimed in claim 1,

said accelerometers mounted upon said platform such

wherein:

that said input axis of each accelerometer is at an
said plurality of sensors are accelerometers.
angle to said single axis and said platform; and
3. An inertial measurement unit, as claimed in claim 2,
said pairs of accelerometers are mounted opposite
wherein:
one another on said platform having said input,
said accelerometers are solid state devices.
output and pendulous axes parallel to each other.
4. An inertial measurement unit, as claimed in claim 3, 20
14. An inertial measurement unit, as claimed in claim
wherein:
said pendulous axes of said accelerometers are each
13, wherein:
said output axes of said plurality of sensors are ar
arranged to lie within a plane which includes said
ranged in a common plane perpendicular to said
single axis.
single axis.
5. An inertial measurement unit, as claimed in claim 1, 25
15. An inertial measurement unit, as claimed in claim
wherein:

13, wherein:

said plurality of sensors includes three accelerometers

said pendulous axes of said plurality of sensors are
each mounted at an angle to said platform to lie

for providing an inertial measurement in a vibra

tion free environment.
6. An inertial measurement unit, as claimed in claim 1,
wherein:
said plurality of sensors includes six accelerometers
for providing an inertial measurement mounted

within a plane that includes said single axis.
16. An inertial measurement unit, as claimed in claim

15, wherein:
said angle of said pendulous axes to said platform is an
angle greater than 0° and less than 90°.

upon said platform about said single axis; and
pairs of six accelerometers are mounted opposite one 35

17. An inertial measurement unit, as claimed in claim

15, wherein:
said angle of said pendulous axes to said platform is
nominally 35.26°.

another upon said platform to provide common
mode rejection to reduce errors induced by vibra
tion of said object whose motion is being measured.

18. An inertial measurement unit, as claimed in claim

7. An inertial measurement unit, as claimed in claim 6,

13, wherein:

wherein:

from said single axis and 60° apart upon said plat

said input axes of said plurality of sensors are each
mounted at an angle to said platform to lie within a

form.
8. An inertial measurement unit, as claimed in claim 2,

19. An inertial measurement unit, as claimed in claim

said six accelerometers are mounted at an equal radius

wherein:
said rotary motion is an oscillating motion, and
said single axis is a dither axis.
9. An inertial measurement unit as claimed in claim 2,
wherein:

plane that includes said single axis.
45

18, wherein:
said angle of said input axes to said platform is an
angle greater than 0° and less than 90°.
20. An inertial measurement unit, as claimed in claim

18, wherein:

said rotary motion is a spinning motion; and
said single axis is a spin axis.

said angle of said input axes to said platform is nomi

10. An inertial measurement unit, as claimed in claim

21. A three axis inertial measurement unit, compris

8, wherein:
said platform is oscillated about said single dither axis
by a sinusoidal velocity excitation.
11. An inertial measurement unit, as claimed in claim

6, additionally comprising:
circuit means connected to said accelerometers to

generate signals representing the linear accelera
tion and angular velocity thereof;
summing circuit means for receiving said linear accel

eration and angular velocity signals from said pairs
of accelerometers arranged opposite one another

for cancelling the angular velocity signals while

nally the complement of 35.26°.
mg:
a platform mounted for an oscillating motion about a

single dither axis;
a plurality of accelerometers mounted upon said plat

form, said accelerometers each having an input
axis, an output axis, and a pendulous axis;
said accelerometers mounted upon said platform such
that said input axis of each accelerometer is at an

angle to said single dither axis and said platform;
and
said platform mounted about said dither axis by a
plurality of vanes radiating from said dither axis

toward said platform.
65
retaining the linear acceleration signals; and
22. An inertial measurement unit, as claimed in claim
differencing circuit means for receiving said linear
21, additionally comprising:
acceleration and angular velocity signals from said
two accelerometers arranged opposite one another

a hub mounted about said dither axis;

4, 84 l , 773
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12
23. An inertial measurement unit, as claimed in claim

said platform formed in the shape of a ring about said
hub; and

16, additionally comprising:
piezoelectric driving means mounted upon said plu

said vanes joining said hub and said platform along a 5

rality of vanes to drive said platform into said oscil
lation about said dither axis.
*

plurality of radials from said dither axis.
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