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(57 ABSTRACT

A tniaxial ring laser gyroscope with three square optical
paths which are planar and orthogonal with respect to
one another, this laser gyroscope comprising six optical
mirrors interconnected two by two by means of twelve
optical path segments (capillary channels), said seg-
ments forming an octahedron, with one mirror for each
corner, each of the mirrors operating simultaneously in
two orthogonal optical paths.

17 Claims, 3 Drawing Sheets
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COMPACT, INTEGRAL, 6-MIRROR, TRIAXIAL,
LASER RATE GYRO

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

The present invention concerns a compact, six-mir-
ror, integral, triaxial laser rate gyro. |

Single-axis, annular laser rate gyros are known,
which consist of N mirrors so arranged as to define
between them as many coplanar optical path segments
distributed in a closed loop. The totality of these optical
paths will be called perimeter or optical trajectory
herein.

Most of these single detection axis laser rate gyros are
three-mirror ring rate gyros with a triangular optical
path. Triaxial integral rate gyros with three indepen-
dent triangular perimeters comprising three mirrors per
optical path, namely a total of nine mirrors, have been
made.

There are also single-axis laser rate gyros with four
mirrors, of which the closed optical path forms a
square. One of the advantages of the four-mirror ring
laser rate gyros over the three-mirror laser rate gyros is
in particular less bulk for the same scale factor.

A first object of the present invention is to describe an
integral, compact, laser rate gyro with six mirrors defin-
ing three optical paths or three closed, square perime-
ters, with mutually orthogonal, coplanar optical path
segments; each of the optical paths involves only four of
the six mirrors; each of the mirrors operates simulta-
neously on two orthogonal perimeters.

A second object of the present invention is to de-
scribe a simplified amplifying device of the above-cited
three annular cavities, comprising three anodes, namely
one anode per perimeter and a cathode common to the
three perimeters.

Other characteristics and advantages of the present
invention will make themselves apparent in relation to
the description of the accompanying drawings illustrat-
ing the compact integral support with six mirrors and
the amplifying device, which are provided in an illustra-
tive and non-restrictive manner.

FI1G. 1 1s a schematic of a triaxial, six-mirror integral
laser rate gyro of the invention;

FI1G. 1a and 1b are expanded views in front and in
cross-section respectively of the prism-mirror set M/P
seen from the top B;

FIG. 1a 1s the view in the plane BEAC and

FIG. 1b is a view in the plane AFBD of the same
mirror-prism set.

For the sake of clarity in studying FIG. 1, the princi-
ple of the reflecting system (mirror) design and the
optical mixer (prism) are shown only by one of the tops
(corners), which is the circled top (corner) B in the
embodiment being considered.

Each top comprises a reflecting device or mirror M,
but only three of them include an optical mixer P, for
instance tops (corners) A, Cand F or B,D and E.’

FIG. 2 is a schematic of an embodiment of an ampli-
fying device, characterized in that it comprises a cath-
ode common to three anodes and is suitable for use in a
triaxial rate gyro of the invention.

FIGS. 3, 4 and 5 illustrate the distribution of the
amplifying medium in each of the three orthogonal
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perimeters due to plasmas traveling along the ridges
(edges) of the octahedron in accordance with one em-
bodiment of the invention. |

FIG. 6 1s a schematic of a servomechanism for the
cavity length where, for the embodiment under consid-
eration, the mirrors emplaced at ACF move along their
axes parallel to themselves by means of piezo-electric
ceramics. This translation is controlled by cells C;, C;,
Cs recording the power variations in the laser beam
outputs in each of the three perimeters.

FIG. 1 shows twelve capillaries or twelve optical
path segments referenced 1 through 12 and linking be-
tween them six tops (corners), A,B,C,D,E, and F sub-
tending between them a preferably regular octahedron.
These twelve capillaries are drilled in an insulating
block of material with a coefficient of expansion of
practically zero.

The three optical paths or perimeters in this instance
are substantially square mutually orthogonal quadrilat-
erals referenced:

C D E F, formed by the ridges (edges), 1,2,3 and 4
A C B E, formed by the ridges 5,6,7 and 8 and
A D B F, formed by the ridges 9,10,11 and 12.

The itinerary of the laser beams in these three optical
paths is assured by six mirrors located at the respective
corners B,C,D,E,F,A constituting the regular octahe-
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The normals to each of these optical paths (perime-
ters) constitute the three sensitive axes of the compact
rate gyro of the invention.

The double function, or the double work of the six
mirrors is summarized in the table below:

Ist perimeter
2nd perimeter
3rd perimeter

Ist perimeter

The following advantages resulting from such a de-
signh may be noted:

small bulk for a given scale factor

design simplification

overall weight reduction

possibility of using a lighter-weight (simplified) ampli-
fier device and at the same time adaptibility and/or
compatibility with known systems or devices

cavity-length servomechanism

attenuation of the linearity errors.

Presently the following will be described: amplifying
devices, read-out means, and the resulting cavity-length
servomechanism.

AMPLIFIER DEVICE

FIG. 2 shows the distribution of the optical paths of
FIG. 1 wherein the following are shown in heavy, solid
and dashed lines: three anodes 18,19 and 20, one per
perimeter, and also a single cathode 14 with its three
arms 15,16 and 17, said cathode is common to the three
perimeters.
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The cathode 14 communicates at I;, I, and I3 with
three optical path segments (capillaries) CD, CB, BD
respectively contained in the same side of the octahe-
dron; in the example of FIG. 2, this is side CDB. Each
anode 18,19 and 20 communicates respectively at H;, 5
H> and Hj with one of the capillaries AE, EF and FE
respectively contained in the opposite side AFE.

This geometry assures a given preferential path to the
three plasmas when the following conditions apply:

(1) the diameter of the capillaries AD, CF, BE ex-
ceeds the diameter of the capillaries CD, DE, EF, AF,
FB, BD, AC, CB, EA.

(2) the communication points Iy, Is and I3 of the cath-
ode with the capillaries CD, DB, BC are located in such
a manner that

10

15

IiD>IC
I.C>I)B
B
I3B> 13D 20
(3) the communications points Hj, Hs, Hs of the an-
odes with the capillaries EA, AF, FE are positioned in
such a manner that
HiA>HE 25
H,F>HyA
Hi;E > H3F

where preferably
H1A=HF=H3E=];D=1,C=13B
and there is identity of diameters of the capillaries: AD-
CF-BE; HiA-H;F-H3E-1,D-1,C-I3B. |
Under these conditions, the itinerary between the

cathode 14 and the three anodes 18,19 and 20 is as fol-
lows:

30

35

arm 15—=>1;==>D—> A~——>H|~—>anode 18

CATH- /

ODE 14==>arm 16—=>1~—>»C—>F—>H,~—>anode 19

\

The active capillaries are shown in heavy lines in FIGS.

3, 4 and 5. The arrows indicate the direction cath-

ode—anode. Other modes for obtaining a preferred

path of lesser resistance can be used within the scope of

the present invention, for instance:

the diameter of the capillaries I;D, I,C, I3B exceeds the
diameter of the capillaries 1,C, I;B, I3D
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arm 17——»13===>»B—<»E—>H3;~——>anode 20
45
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while at the same time
the diameter of the capillaries HjA, HyF, H3E exceeds
the diameter of the capillaries H{E, H>A, H3F.

335

In that case the entry points I, I; and I3 and the exit
pomnts H;, Hj, H3 possibly no longer wﬂl observe the
above set conditions.

The above described geometry of the three plasmas
also can be obtained by inverting the anode-cathode
distribution.

READ-OUT SYSTEM 65

As regards the known single-axis rate gyros, a known
interferometer means mixing two beams corresponding
to each of the two waves of the laser rate gyro are
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located at the exit of a mirror in order to obtain a system
of parallel interference fringes.

By moving these fringes in front of a detector, the
rotation of a laser rate gyro is measured along the per-
pendicular to the perimeter plane.

An implementation mode of the optical mixing de-
vice of the triaxial rate gyro of the invention is shown in
FIGS. 1a and 1b demonstrating the double operational
mode of the mirrors; one mirror controls two optical
paths (optic pcnmetcrs)

Measurement of the rotation of the detection axis of
one perimeter is obtained by mixing the two beams
corresponding to each of the waves of this perimeter
without the beams belonging to the second perimeter
interferin g with those of the first pcnmeter Preferably
this result is achieved by selecting the prism thickness in
such a manner than the beams unrelated to the measure-
ment shall not enter the optical mixing device.

The FIGS. 1a and 1b show how the same mirror
reflects along two optical paths (perimeters) or two
mutually orthogonal planes.

At the exit of the mirror at B, two beams rotating in
the opposite direction in the perimeter BEAC (per FIG.
1a) are made to interfere; whereas the beams rotating in
the inverse direction in the perimeter AFBD are ex-
pelled from the mixing system at B as shown in FIG. 1b.

As noted above, three suitably selected mirrors e.g.,
the mirrors at B, D and E or the mirrors at A, C, and F,
each receive one mixing prism to measure the rotation
of each of the three perimeters.

CAVITY-LENGTH SERVOMECHANISM

The resonance condition determining the oscillation
frequency of a ring laser beam demands that the perime-
ter length be an integral number of wavelength:s.

To be rid of the variations in length, for instance due
to thermal effects, a cavity-length servomechanism is
usually used. In the case of a ring laser, triangular, sin-
gle-axis rate gyro, a known and frequently used means
consists in imparting to one of the mirrors a translation
parallel to the axis of this mirror using a piezoelectric
ceramic.

As regards a six-mirror, tri-axial rate gyro object of
the invention, the same solution may be implemented
with the observation that one mirror controls two or-
thogonal perimeters.

FIG. 6 is a representative schematic of a servomecha-
nism geometry for the cavity length of a triaxial, six-
mirror laser rate gyro. In the example shown, the mir-
rors provided with a translating means are the mirrors
of which the centers of reflection coincide with the
corners A, F and C of the octahedron.

These three mirrors will be denoted by M4, Mg, Mc
receive a translation motion parallel to their normal and
along the axes of the octahedron at A, F and C.

The mirror M4 controls the length of the perimeters
AFBD and ACBE.

‘The mirror Mg controls the length of the perimeters
AFBD and FCDE.

The mirror Mc controls the length of the perimeters
ACBE and FCDE.

A detector or photo-electric cell oriented to measure
the output power of the laser beams along each perime-
ter 1s mounted behind each of the three mirrors Mp,
Mp, Mr.

On each perimeter, a detuning of the cavity is accom-
panied by a drop in the laser beam power. At each
instant the mirror servoing the cavity length is dis-
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placed by a piezoelectric ceramic to tune in on the
maximum power of the laser beam by a method known
per se.

Each cell controls the three regulating devices, that
1S, at any given instant:

E, the translation for tuning in on the AFBD perimeter
E; the translation for tuning in on the ACBE perimeter
Ej the translation for tuning in on the FCDE perimeter.

The data delivered by the cells act constantly on the
mirror translation by means of the above cited piezo-
electric ceramics.

As regards the AFBD path, the instantaneous correc-
tion 1s implemented by translating the mirrors M 4 and
MFrby $E; and the mirror Mcby —3E;.

As regards the ACBE path, the correction is imple-
-mented by translating the mirrors M4 and M¢ by 3iE,
and the mirror Mpby —3E-. |

As regards the FCDE path, the correction is imple-
mented by translating the mirrors MFand Mc by E3/3
and the mirror M4 by —E3/3.

The following applies regarding the conventional
means for attenuating the linearity errors compatible
with the triaxial laser rate gyro of the invention:

The well known linearization principle by scanning
allows correcting the defect resulting from coupling the
two laser beams rotating in the inverse direction in a
perimeter. One of the known assemblies for the single-
axis laser rate gyros consists in making the rate gyro
oscillate about a straight line provided this straight line
be not parallel to the plane defined by the perimeter, for
Instance about a straight line parallel to the detection
axis.

As regards the tnaxial six-mirror laser rate gyro of
the invention, this principle is applied by making the
whole block oscillate about a straight line which is not
parallel to the planes defined by the three perimeters,
for instance around a straight line parallel to one of the
trisectors of one of the trihedrons formed by the three
periumeters.

Another method consists in using the process de-
scribed in the French patent #7800871 of, 1978, by
making several mirrors oscillate, the axis of rotation of
each mirror preferably being as close as possible to the
perpendicular to the mirror considered.

In the case of the triaxial, six-mirror rate gyro of the
invention, the resultant of the oscillations of the mirrors
SO actuated in an oscillation about a straight line which
is not parallel to the planes defined by the three perime-
ters, for instance one of the trisectors of one of the
trihedrons defined by the three perimeters.

We claim:

1. A tnaxial laser gyroscope having three sensing axes
and being adapted to produce simultaneously distinct
measurements of angular movement around each of said
axes, comprising:

(a) a solid body;

(b) three square-shaped optical paths formed in said
body and arranged mutually orthogonally with
respect to each other, the geometrical axis of each
of the square shapes defined by said paths corre-
sponding to respective ones of said sensing axes:
each of said paths comprising four coplanar, lin-
early extending capillaries arranged to form said
square shapes, said paths being situated such that
any two opposite corners of one square path coin-
cide with two opposite corners of one of the other
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6

square paths, whereby said capillaries are arranged
to form an octahedron having six apexes, each of
said apexes corresponding to one of said respective
sets of two coinciding corners; and

(c) six optical mirrors located respectively at said six

apexes, each of said mirrors intersecting the four
respective capillaries forming the respective apex,
and each of said mirrors being effective in two of
said optical paths.

2. A tnaxial laser gyroscope according to claim 1,
wherein three of said six mirrors are provided with a
mixing prism.

3. A triaxial laser gyroscope according to claim 2, in
which the thickness of said mixing prism is adapted to
permit simultaneous passage of the beam circulating in a
first one of said optical paths by reflection and passage
of the beam circulating in a second one of said optical
paths by reflection, said second path being orthogonal
to said first optical path.

4. A tniaxial laser gyroscope according to claim 1,
wherein three of said mirrors are provided with a mix-
ing prism and the three remaining mirrors are each
provided with a mechanical device adapted to displace
said mirror along its axis parallel to itself.

5. A tnaxial laser gyroscope according to claim 1,
wherein said optical path segments define a regular
octahedron and each optical path is a square.

6. A triaxial laser gyroscope according to claim 1,
further comprising an amplifier device having three
anodes and one cathode, which one anode being pro-
vided per optical path, and having a cathode common
to the three optical paths.

7. A triaxial laser gyroscope according to claim 1,
wherein each of said optical path segments comprises a
capillary.

8. A triaxial laser gyroscope according to claim 1 further
comprising a plasma amplifier device using at least one
electrode of a first type which is common to said paths and
communicates with capillaries contained in one first side of
the octahedron, and three electrodes of a second type which
communicate respectively with capillaries contained in a
second side of the octahedron opposite to the first side, one
of said electrodes being an anodic type and the other elec-
trode being a cathodic type.

9. A triaxial laser gyroscope according to claim 8,
wherein each of said electrodes communicates with at least
a corresponding capillary in a point which separates said
corresponding capillary in two unequal parts.

10. A ring laser gyroscope having at least two sensitive
axes and at least first and second cavities forming respec-
tive optical paths, said first and second cavities each having
a plurality of corners arranged so that at least one corner of
the first cavity coincides with a corner of the second cavity,
50 as a to form coinciding corners, the gyroscope further
comprising a common mirror disposed at the coinciding
corners so as to function in the first and second cavities,
and a plurality of mirrors disposed respectively at the re-
maining corners of the first and second cavities.

11. A ring laser gyroscope according to claim 10 wherein
said cavities are formed in a single solid body made of an
electrical insulating material,

12. A ring laser gyroscope according to claim 10 which
further comprises for each of said cavities a plasma ampli-
fier device using a cathode electrode and an anode elec-
trode, wherein one of said electrodes is common to the first
and to the second cavities.

13. A three-axis ring laser gyroscope comprising three
cavities each having four corners, said cavities being ar-
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ranged in mutually orthogonal planes, at right angles to
each respective axis, each corner of one cavity coinciding
with one corner of another cavity and six mirrors disposed
respectively at the coinciding corners and oriented with

respect to said cavities so that each mirror which is disposed 5

at the coinciding corners of two corresponding cavities
Junctions in said two corresponding cavities.

14. A three-axis ring laser gyroscope according to claim
13 wherein said cavities are formed in a single solid body
made of an electrical insulating material,

1. A three-axis ring laser gyroscope according to claim
13 which further comprises for each of said cavities a
plasma amplifier device using two electrodes, a cathode
electrode and an anode electrode, wherein one of said
electrodes is common to the three cavities.

16. A three-axis ring laser gyroscope according to claim
13 wherein each of said cavities forms a four sided optical
path.

17. A three-axis gyro assembly having three sensing axes
and comprising:

10

15

20

25

30

35

45

50

35

65

8

a body;

three mobile mirrors and at least three fixed mirrors
provided on the body,;

three optical paths formed in the body and respectively
disposed in three planes lying respectively at right
angles to the said axes, each of said optical paths
having two corners respectively provided with two of
said movable mirrors and two of said fixed mirrors;

means for generating laser beams in the three optical
paths, said laser beams having respective output pow-
ers;

three photoelectric detectors located so as to deliver re-
spectively data representative of said powers;

said movable mirrors having positions which vary as a
Junction of said data so as to regulate the length of
said optical paths, wherein data delivered from one of
said detectors causes a first displacement of one of
said movable mirrors and an opposite displacement of

the two other movable mirrors.
$ % % % %
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