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Method for determination of a zero error in a Coriolis

gyro

. ~io,r relates to a method for determination of

v, ... 1or in «a Coriolis gyro.

isvos  ialso referred to as vibration gyros)

. used increasingly for navigation purposes.
v ... 4yros have a mass system which 1is caused to
10 sonolliate. This oscillation is generally a

saperimposition of a  large  number  of individual
sscillations. These individual oscillations of the

mase  s=ystem are initially independent of one another

car wacn pe referred to abstractly as “resconators”.
L. cas: ~we resonators are required for operation of a
“yoraticorn gyro: one of these resonators (the first

resonator; is artificially stimulated to oscillate, and

‘lis=  ia referred to 1in the following text as the
“otamuaTing oscillation”. The other resonator (the
. ome vosonator) is stimulated to oscillate only when

i uion gyro 1s moved/rotated. This 1s because

~orces occur in this case, which couple the

‘i:n.a7 o ..sorator to the second resonator, absorb energy
sTimru-.ating osciliation of the first

o cwiorater, and transfer this to the read oscillation of

ae- vl vesconator. The oscillation of the second

L

~sferrea tc Lin the fcllowing text as the

Tt oo i lation”. In order to determine movements
<l alar rotations) of the Coriolis gyro, the

=i ie tgpped ¢ff, and a corresponding

T c.i exampie the read cscillation tapped-

vl 1s lnvestigated to determine whether any
coanacs nave occurred in the amplitude of the read
:2 ..., whicn represent a measure of *the rotation

5
1

iclis  gyro. Coriolis gyros may be

=

-t burn as open-looped systems and as closed-
SRS ‘n a closed-.o0op system, the amplitude

i ousciilation 1is continuously reset to a
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- ._u- - preferably zero - via respective control

.f & closed-loop version of a Coriolis gyro
wsoribed in the following text, with reference

©, in order to illustrate further the method

v ion of a Coriolis gyro.

iyro 1o osuch as this has a mass system 2

1 pe caused to oscillate and is also referred

“he  following text as a “resonator”. A

. “5n rmust be drawn between this expression and

mstract” resonators mentioned above, which

individual oscillations of the “real”

naTor. As already mentioned, the resonator 2 may
zvicd as a system composed of two “resonators”

‘vs- resonator 3 and the second resonator 4).

“irst and the second resonator 3, 4 are each

force sensor (not shown) and to a tapping

3+ srown). The noise which 1s produced by the

naors and the tapping systems 1is  indicated

&lly here by Noisel (reference symbol 5) and

reference symbol 6).

qyrce o furthermore has four control loops:

©r . op is used to control the stimulating
Jtrnal s to say the frequency of the first
it 4 *ixed freguency (resonant frequency).
= srntr~l loop has a first demodulator 7, a
-t s l__i=r 5, a frequency regulator 9, a VCO

controlled Oscillator) 10 and a first

Nt rol loop 1is used to control the

.t _:.: ©sci__ation at constant amplitude, and has

{.iator 12, a second low-pass filter 13

cnbocLTude regulator 14.



indd & Tourth control loop are used to reset
voee which stimulate the read oscillation. In
o, vhe third control loop has a third

-

Y t, ! third low-pass filter 16, a

»n reculator 17 and a third modulator 22. The

norol Loop contains a fourth demodulator 19, a
w-pass fiiter 20, a rotation rate regulator 21

~nd medulatcor 18.

v~ resonator 3 1s stimulated at 1its resonant

©». . Tne resultant stimulating oscillation is

'tt, 3is phase-demodulated by means of the first

-5 7, and a demodulated signal component 1is
o the first low-pass filter 8, which removes

“reguencies from 1it. The tapped-off signal is

r-‘erred to in the following text as the

[ SR

;~ing oscillation tapped-off signal. An output

-yom the first low-pass filter 8 is applied to a

regqu.ator 9, which controls the VCO 10 as a
° +he signal supplied to it, such that the
somponent essentially tends to zero. For this

tHe VYOO 10 passes a signal to the first

1

- i1, wnich itself controls a force sensor such

stimilating force is applied to the first
[ the in-phase component 1is zero, then
rewsonator 3 oscillates at  1ts  resonant
snould be mentioned that all of the

and demedulators are operated on the basis

Caonant frequency ol

L& i G3ci.laticn tapped-off signal 1is alsco
t n~ second control loop and is demodulated

ot demedulator 12, whose output i1s passed to
low-pass filter 13, whose output signal 1is
prliied o the amplitude regulator 14. The
veaulator 14 controls the first modulator 11
L7 this signal ard of a nomiral amplitude

-, =uach that the first resonator 3 oscillates
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“rant amplitude (that 1s to say the stimulating

nas a constant amplitude).

.Lreaqy Dbeen mentioned, Coriolis forces -

== py the term FCwcos(wl't) 1in the drawing -

movement/rotation of the Coriolis gyro 1,
iple  tne first resonator 3 to the second
., ard thus cause the second resonator 4 to
L resultant read oscillation at the

w. is tapped off, so that a corresponding

il ation tapped-off signal (read signal) 1is

ro both the third and the fourth control loop.

“hird control loop, this signal is demodulated

third demodulator 15, sum frequencies are

-ne third low-pass filter 16, and the low-

.-ered signal 1s supplied to the quadrature

v 17, whose output signal 1is applied to the

¢sulator 22 so as to reset corresponding
RN components of the read oscillation.

.2ty to this, in the fourth control 1loop, the

i liavion tapped-off signal is demodulated by
c o demccdulator 19, passes through the fourth
fil==r 20, and a correspondingly low-pass-
signal 1s applied on the one hand to the
~ate  rogulator 21, whose output signal 1is
to “he instantaneous rotation rate, and is

4 rotation rate measurement result to a
vt output 24, and on the other hand to the
ilator 13, which resets corresponding

wmperents of the read oscillation.

ayro 1 as described above may be operated
doukle-resonant form and 1n a non-double-

Torm., If the Coriolis gyro 1 is operated in a

c-2nant form, then the frequency w2 of the read

.= approximately eaqual to the frequency wl
L.aving oscillaticr while, 1n contrast, 1in

L Le-resonant case, the frequency w2 of the

tllatlon is different from the frequency wl of



stimulating oscillation. In the case of double

RPN I

-+, tne output signal from the fourth low-pass

contalns corresponding information about the

rate while, 1n contrast, in the non-double-

r.wnt ~ase, the output signal from the third low-

Sooter Lo, In order to switch between the

ounle-resonant /non-double-resonant operating

o , deukbling switch 25 i1s provided, which

_+ .y ~orrnects the outputs of the third and the

arti. . ow-pass filter 16, 20 to the rotation rate
L..osiat.r 27 and the quadrature regulator 17.

e system 2 (resonator) generally has two or more

Ee -esonances, that is to say different natural

... ..ns of the mass system 2 can be stimulated.

S o- nese natural oscillations is the artificially

preduced  stimulating  oscillation. A further natural

ssziliaticn is represented by the read oscillation,

. icrh ls stimu.ated by the Coriolis forces during

tati.. of the Coriolis gyro 1. As a result of the

A el structure and because of unavoidable

: :ring tolerances, 1t 1s impossible to prevent

1 .rur=.: oscillations of the mass system 2, in

e .3 we.l away from their resonance, also being

Giats, Lnoaddition to the stimulating oscillation

. so&a oscillation. However, the undesirably

~urae!l oscililaticns result in a change in
soi__ation tappea-off signal, since these
~:lilatlions are also at least partially read
et o oacillation signal tap. The read

o Lappec-otf signas is accordingly composed
*hat 1s caused by Coriolis forces and a part
viainates trom the stimulation of undesired
The undesirable part causes a zero error in

_is avro, whose magnitude 1is unknown, in which
not possible to differentiate between these

*he read osci..ation tapped-off signal



..ot an which the invention 1s based 1s to
nethod by means of which the influence as
g ovivr.oi apove of the oscillations of “third” modes

4 lished and the zero error can thus be

:: achileved by the method as claimed in the
.ture s oI patent claim 1. The invention also provides
i JVro, as claimed 1in patent claim 7.
“yet L reonas refinements and developments of the idea
S ivwyenticon are contained 1in the respective
Larensient T aims.
“. srding Lo the invention, in the case of a method for
Ge-ormirition of a zero error of a Coriolis gyro, the
rsonano Ty ot the Coriolis gyro has appropriate
“arnance forces applied to it such that at least one
- 4=ros. ~sciiiation of the resonator 1is stimulated,
i-F ii-fers from the stimulating oscillation and from
L —. i oscillation of the resonator, in which case a
.- 1. a rcad signal which represents the read

i+ iom and results from the stimulation of the at

Pt - necural oscillation 1s determined as a
e sl T L he zZero error.

wse,  Thne expression “resonator” means the
«ustem of the Coriolis gyro that 1s caused
., "ttt ls to say with reference to Figure

, ... :.ru ot tne Coriolis gyro which 1s annotated

{=rence number 2.

lcocn thne  1nvention 1s  pased 1s  tO

S+ .ty stimulate undesired natural oscillations
vi. -..sonator (that 1s to say natural oscillations
reitner the stimulating oscillation nor the

S . Latlon: and to observe their effects on the

i . Zilatvion  tapped off signal. The undesired
siitlatlions are in this case stimulated by

Gi-.. . ... wl appropriate disturbance forces to the

et The “penetration strength” of such
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“irrarces to the read oscillation tapped-off signal

.. = 1 measure of the zero error (bias) of the

| “¢a i ayro. Thus, 1f the strength of a disturbance
~v.: - oncained 1n the read oscillation tapped-off
.. .- determined and 1is compared with the strength
P i sturbance forces producing this disturbance

then 1t 1s possible to derive the zero error

e e L,

rriricial stimulation of the natural oscillations
determination of the “penetration” of the

qymi cscillations to the read oscillation tapped-off
inna. wrefereably takes place during operation of the

4yro. However, the zero error can also be

- . i:-z3 wi.thout the existence of any stimulating

nce forces are preferably alternating

: rba
Loes .- appropriate disturbance frequencies, for
Losr Lo . superimposition of sine and cosine forces. In
i e, ~he disturbance frequencies are

gt qee0usly ecual to, or essentially equal to, the
(T coiilation frequencies of the resonator. The
.i.a—.- 1. the read signal (disturbance component) can

o by subjecting the read signal to a

CUoCcess based on the disturbance

vov contribution which is caused by one of
watural escillaticns {(that 1s to say
e © e Ytrird” modes; 18 preterably determined

nation ¢f the strength of the corresponding
T .. the read signal. Determination of the
ey oing resonance Q factor of the natural
», and by calculation of the determined

1 regonance Q factor.

alice Q  factor of a natural oscillation is

»..t o sdetermined by detuning the corresponding
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oturpance frequency, while at the same time measuring

~hat this produces in the read signal.

investigate the effects of the undesired

s¢illations on the read oscillation tapped-off

cwe or rore of the natural oscillations can be

at “he same time, and their “common”

51 the recad oscillation tapped-off signal can

rdeda. AZl of the disturbance natural

Lons of interest are, however, preferably

individually, and their respective effect on
oscillation tapped-off signal 1s observed
The zero error contributions obtained in

+rom the individual natural oscillations can

sdded n order to establish the “overall zero
roterred to here as the “zero error”) produced

watural oscillations.

~pance component can be determined directly

vead osclllation tapped-off signal.

~-ion aiso provides a Coriolis gyro, which 1is
‘zoa ny a device for determination of a zero
“n¢ Joriolls gyro. The device has:

iisturbance  unit which applies appropriate

“orces to the resonator of the Coriolis
.- it 1east one natural cscillation of the
Ia stimulated, which differs from the

N

“1l . ation ard the read oscillation of the

St alialiog signa.i Jetection enit, which
.+ <disturbance component, which is contained

sicnal that represents the read oscillation

poen produced by the stimulation of the at

a4l oscillation, as a measure of the zero

b=

coturbance forces are produced by alternating

specific disturbance frequencies, the
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oo signal detection unit has a demodulation

nf which the read signal is subjected to

emoctiLlat ion process (synchronous demodulation at the

3

rol

-requencies). The disturbance component 1is

{ frem vhe read signal in this way.

o banoe signal detection unit preferably has

‘i arors  which operate in quadrature with

‘

v
(NS
!

uee  another, two low-pass filters and a
.nd evaluation unit, with the demodulators

yplied with the read oscillation tapped-off

w1t the output signals from the two

.~ors being filtered by in each case one of the

-i.-ers, and with the output signals from the
i ze2rs being supplied to the control and

unic, which determines the zero error on

~1 and evaluation unit acts on the disturbance

“he basis of the signals supplied to 1it, by

a:s  Lhe frequencies of the disturbance forces

“.ro..cd by the control and evaluation unit.

strengtn of the disturbance component in the

voal and ~he resonance Q factor of the

coainy nanural oscillation must be determined in

= -rmire the zerc error. These values are

“ciated i order to obtain the zero error. In

jo rmine the resonance Q factor, the
disturbance unlt must be detuned over

wiii.& at the same tTlme carrying out a

my means of the disturbance signal detector

i3 preferably achieved by means of software,

stion o 1s as follows:

Toino for the “significant” third
sty natural resonances

L away from the assoclated resonance curve
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- ‘a.culation of the Q factor and the strength of

© atimualation, and the “visibility” of this
ird oscillation in the read channel

- ~,_culation of the contribution of this third

~~ililation to the bias on the basis of the Q

“solor, strength and “wvisibility”.

ii... can pe compensated for by calculation, by

e sottware.

Svrontion will be described in more detail in the
"»m o exemplary embodiment in the following text,

it o-irence to the accompanying figures in which:

Figure 1 srows tne schematic design of a Coriolis gyro
which is based on the method according to the

invention;

Figure 2 shows the schematic design of a conventional

Coriolls gyro;

& .4 devices which correspond to those from Figure
..«+ o .utatea with the same reference symbols in the
ioowinar, and will not be explained again. The method
»ti: . o tho ilnvention will be explained in more

. 2 an exemplary empodiment in the following

i-n reference to rigure 1.

viotis gyro 1s additionally provided with a
xluation unit 2¢, a modulator 27

al.in, with a variaple ifrequency omod and a

ter 0 adiustable amplitude, two demodulators 28,
, =it opetralte in guadrature at the frequency omod,
cnoand a sixth low-pass filter 30 and 31. The

wwrioo.oe unit 27 produces an alternating signal at
~rey o ommod, which 1s added to the force input
“lmLating oscillation  (flrst resonator 3).

irieenm v, this signal 1s supplied as a reference

ST the demodulators 28, 29. An alternating
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-:ch corresponds to the alternating signal, is

‘-ionally applied to the resonator 2. This

Gt ing force stimulates a further natural

(also referred to as a “third” natural
i e resonator 2 1in addition to the stimulating
11, whose effects can be observed in the form

o urhance  component in the read oscillation

P Slomal In this example, the read

~n tapped-off signal is subjected to a

odulenlon process in phase and in quadrature with

‘he stimulation produced by the modulator
orocess is carried out by the demodulators
.t the frequency omod (disturbance frequency).
obtained in this way 1is low-pass filtered

~ittn and the sixth low-pass filters 30, 31),

upplied to the control and evaluation unit 26.

~ontrol and evaluation unit 26 controls the

Loliz

omod and, 1f appropriate, the stimulation

cf the alternating signal that is produced by

“lator 27, in such a way that the frequencies

+.oaths of the “significant” third natural modes

troir 0 factors are determined continuously.
51 and  evaluation unit 26 uses this to
:he respective instantaneous bilas error, and

1= for correction of the gyro bias.
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Patent Claims

1. A method for determination of a zero error in a Coriolis
gyro in which

- the resonator of the Coriolis gyro has appropriate
disturbance forces applied to it such that at least one natural
oscillation of the resonator is stimulated, which differs from
the stimulating oscillation and from the read oscillation of the
resonator, and

- a change in a read signal which represents the read
oscillation and results from the stimulation of the at least one
natural oscillation is determined as a measure of the zero

error.

2. The method as claimed in claim 1, characterized in
that the disturbance forces are alternating forces at
appropriate disturbance frequencies, with the disturbance
frequencies being natural oscillation frequencies of the

resonator,

3. The method as claimed in claim 2, characterized in
that the change in the read signal is recorded by subjecting
the read signal to a demodulation process based on the

disturbance frequencies.

4. The method as claimed in one of claims 1 to 3,
characterized in that the zero error contribution which is
produced by one of the at least one natural oscillations is
determined by determination of the strength of the
corresponding change in the read signal, determination of the
corresponding resonance Q-factor of the natural oscillation
and by calculation of the determined strength and resonance
Q-factor.

5. The method as claimed in claim 4, characterized in
that the resonance Q-factor of a natural oscillation is

AMENDED SHEET
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determined by detuning the corresponding disturbance
frequency while at the same measuring the change produced
by this in the read signal.

6. The method as claimed in one of the preceding claims,
characterized in that two or more successive nature
oscillations of the resonator are stimulated, corresponding
changes in the read signal are recorded, and corresponding
zero error contributions are determined, with the zero error of
the Coriolis gyro being determined by addition of the zero

error contributions.

7. A Coriolis gyro characterized by a device for
determination of the zero error of the Coriolis gyro having:

- a disturbance unit which applies appropriate disturbance
forces to the resonator of the Coriolis gyro such that at least
one natural oscillation of the resonator is stimulated, which
differs from the stimulating oscillation and the read oscillation
of the resonator, and

- a disturbance signal detection unit, which determines a
disturbance component, which is contained in a read signal
that represents the read oscillation and has been produced by
the stimulation of the at least one natural oscillation, as a

measure of the zero error.

8. The Coriolis gyro as claimed in claim 7, characterized
in that the disturbance signal detection unit comprises two
demodulators, which operate in quadrature with respect to one
another, two low-pass filters and a control and evaluation
unit, with the demodulators being supplied with the read
oscillation tapped-off signal, with the output signals from the
demodulators being filtered by in each case one of the low-
pass filters being supplied to the control and evaluation unit,

which determines the zero error on this basis.

AMENDED SHEET
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9. The Coriolis gyro as claimed in claim 8, characterized
in that the control and evaluation unit acts on the disturbance
unit on the basis of the signals supplied to it, by which means
the frequencies of the disturbance forces can be controlled by
the control and evaluation unit.

10. A method for determination of a zero error in a Coriolis
gyro substantially as herein described with reference to Figure

1.

11. A Coriolis gyro substantially as herein described with
reference to Figure 1.

AMENDED SHEET
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